
 
Clinical Utility of Vestibular Evoked Myogenic Potentials in the Evaluation of 

Patients with Air-Bone Gaps 
Guangwei Zhou, MD, ScD; Dennis Poe, MD; Quinton Gopen, MD 

 
Objective: To determine the value of vestibular evoked myogenic potential (VEMP)  
test in clinical evaluation of air-bone gaps. 
Study design:  retrospective case review 
Setting:   tertiary referral center 
Patients:  A total of 120 patients underwent VEMP testing during clinical investigation of 
significant air-bone gaps in their audiograms. 
Intervention(s):  Otologic examination and surgeries, high-resolution computerized tomography 
(CT), air and bone audiometry, tympanometry, acoustic reflex and VEMP test. 
Main outcome measure(s):  Imaging studies demonstrating structural anomalies in the temporal 
bone. Audiologic outcomes of air-bone gaps and VEMP thresholds. Surgical findings confirming 
imaging results.  
Results:  Middle ear pathologies, such as otosclerosis and chronic otitis media, were identified in 
50 patients and all of them had absent VEMP responses elicited by air-conduction stimuli. 
Moreover, 13 of them had successful middle ear surgeries with closures of the air-bone gaps. 
Abnormally low VEMP thresholds were found in 71 out of 73 patients with inner ear anomalies, 
such as semicircular canal dehiscence and enlarged vestibular aqueduct. Seven patients  
with superior semicircular canal dehiscence underwent plugging procedure via middle fossa 
approach and VEMP thresholds became normalized after the surgery in three of them. VEMP 
test failed to provide accurate diagnosis in only three cases.  
Conclusions:  Air-bone gaps may be a result of various otologic pathologies and VEMP test is 
very useful during clinical evaluation, better than tympanometry and acoustic reflexes. To avoid 
unnecessary middle ear surgery for air-bone gaps with unknown or unsure etiology, VEMP test 
should be used in the deferential diagnosis before expensive imaging study.  
 
Define Professional Practice Gap & Educational Need:  Regular audiometry and 
tympanometry often fail to provide definitive diagnosis information for the underlying etiology 
of air-bone gaps. 
Learning Objective:  Demonstrate the clinical value of VEMP testing in differential diagnosis 
of air-bone gaps. 
Desired Result: Use VEMP testing as a routine tool for evaluation of air-bone gaps. 
 
Patient Care 
Practice-Based Learning 
 
IRB Approval: Children’s Hospital Boston 
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Association between Hearing Loss and Saccular Dysfunction in Older Individuals  
 

M. Geraldine Zuniga, MD; Roni E. Dinkes, AuD; John P. Carey, MD 
Michael C. Schubert, PT, PhD; Jeremy Walston, MD; Yuri Agrawal, MD 

 
Objective: To describe the association between hearing loss and deficits in each  
of the five vestibular end-organs - the horizontal, superior and posterior semicircular canals, 
saccule and utricle - in older individuals. 
Study design: Cross-sectional study. 
Setting: Tertiary care academic medical center. 
Patients: Fifty individuals age 70 and above. 
Interventions: Audiometry, head thrust dynamic visual acuity testing (htDVA), and sound-
evoked cervical vestibular-evoked myogenic potential (cVEMP) and tap-evoked ocular VEMP 
(oVEMP) testing. 
Main Outcome Measures:  Audiometric pure-tone averages (PTA), htDVA LogMAR  
scores in each of the three semicircular canal planes as a measure of semicircular canal function, 
and cVEMP and oVEMP amplitudes as a measure of saccular and utricular function,respectively. 
Right and left sides were considered individually for a total of 100 ears. 
Results: We observed a significant correlation between hearing loss (PTA of 2, 4, 6, 8kHz) and 
reduced cVEMP amplitudes (or reduced saccular function; r = -0.541, p < 0.001) in subjects age 
70 and above.  In contrast, hearing loss was not associated with low oVEMP amplitudes (or 
utricular dysfunction), or poor htDVA LogMAR scores (or semicircular canal dysfunction) in 
any of the semicircular canal planes.  
Conclusion: The concomitant decline in cochlear and saccular function associated with aging 
may reflect the common embryologic origin of both structures, which comprise the pars inferior 
of the labyrinth. These findings suggest a potential benefit of screening individuals with 
presbycusis for saccular dysfunction, which may contribute to fall risk in the elderly. 
 
Define Professional Practice Gap & Educational Need:  
The age-related decline in function of specific vestibular end-organs -- including the semicircular 
canals and the otoliths -- is not well characterized, and associations between specific vestibular 
deficits and hearing loss in older individuals is poorly understood. 
Learning Objective: Clinicians will learn that older individuals with presbycusis are also likely 
to have associated saccular dysfunction, which places them at increased risk of imbalance and 
falls. 
Desired Result: Clinicians will understand that older individuals with presbycusis are also likely 
to have concomitant saccular dysfunction; these patients may benefit from a thorough balance 
and fall risk evaluation and referral to vestibular rehabilitation. 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
System-Based Practice 
 
IRB Approval: NA_00035749 
List outside funding: This work was supported by the American Neurotological Society’s 
Silverstein Award and the Older Americans Independence Center Pilot Award. 
 



 
Long-term Hearing Outcomes Following Surgical Plugging  

of the Superior Semicircular Canal by Middle Fossa Approach 
 

Bryan K. Ward MD; Yuri Agrawal MD; Charles C. Della Santina, MD, PhD   
Charles J. Limb, MD; Lloyd B. Minor, MD; John P. Carey, MD 

 
Objective:  To determine long-term post-operative hearing outcomes following surgical 
plugging via middle fossa approach for superior semicircular canal dehiscence syndrome 
(SCDS).   
Study Design:  Clinical Review 
Setting:  Tertiary Care Medical Center 
Patients:  42 patients with SCDS based on history, physical examination, vestibular function 
testing, and computed tomography imaging confirming the presence of a dehiscence.  All 
patients underwent surgical plugging of the superior semicircular canal via middle fossa 
approach. 
Intervention:  Pure tone audiometry was performed pre-operatively, and at 7 days and between 
3 and 15 months post-operatively.   
Main Outcome Measures:  Change in air-bone gap (ABG) and pure tone average (PTA). 
Results:   Pre-operative average ABG across 0.25, 0.5, 1, and 2 kHz was 16.0 dB (SD 7.6). At 7 
days post-operatively, average ABG was 16.5 dB (SD 11.1, p=0.42), and at 3-15 months was 8.1 
dB (SD 8.4, p<0.001).  52% (95% CI, 33-69) of affected ears had greater than 10 dB decline in 
their four frequency (0.5, 1, 2, 4 kHz) PTA measured by bone-conduction (BC) threshold 7 days 
post-operatively and 25% (95% CI 8-39) at 3-15 months post-operatively.   Mean BC PTA of 
affected ears was 8.4 dB (SD 10.4) hearing loss (HL) pre-operatively, 19.2 dB HL (SD 12.6, 
p<0.001) at 7 days post-operatively and 16.4 dB HL (SD 18.9, p=0.01) at 3-15 months.   No 
significant differences in speech discrimination score were noted (F=0.17).  
Conclusions:  Low-frequency air-bone gap corrects following surgical plugging.  Middle fossa 
approach to surgical plugging of SCDS is associated with mild high-frequency sensorineural 
hearing loss that persists in 25%, but no change in speech discrimination.   
 
Educational Need:  Improved understanding of post-operative outcomes in superior canal 
dehiscence. 
Learning Objectives:  Understand the potential risk of canal plugging and the effect of surgical 
plugging on the air-bone gap. 
Desired Result:  Appreciate the effects of middle fossa surgical plugging on post-operative 
hearing outcomes in patients with superior semicircular canal dehiscence. 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
Interpersonal and Commun 
 
IRB # - NA_00035749 
 

 



 
Otolithic Membrane Damage in Patients with Endolymphatic 

Hydrops and Drop Attacks 
 

Audrey P Calzada, MD; Ivan A Lopez, PhD; David Elashoff, PhD 
Gail Ishiyama, MD; Akira Ishiyama, MD 

 
Objectives: 1. Evaluate the otolithic membrane in patients with endolymphatic hydrops (EH) and 
vestibular drop attacks (VDA) undergoing ablative labyrinthectomy.  2. Correlate intraoperative 
findings to archival temporal bone specimens of patients with EH. 
Study Design: Retrospective case review 
Setting: Tertiary referral center 
Patients: 1. Patients undergoing labyrinthectomy for incapacitating Meniere’s disease (MD), delayed 
EH, VDA, or acoustic neuroma (AN) between 2004 and 2011.  2. Archived temporal bone specimens 
of patients with MD.  
Interventions:  Ablative labyrinthectomy 
Main outcome measures:  Examination of the utricular otolithic membrane. 
Results:  The otolithic membrane of the utricle was evaluated intraoperatively in 28 patients 
undergoing labyrinthectomy.  7 (25%) had a history of VDA’s, 6 (21%) had delayed EH, 9 (32%) 
had MD, and 6 (21%) had AN’s.  All patients with VDA’s had floating otoconia and a disrupted 
utricular otolithic membrane, whereas only 50% and 56% of patients with delayed EH and MD 
respectively, had floating otoconia (p = 0.051).  None of the patients with AN’s demonstrated a 
disrupted otolithic membrane (p = 0.004).  The mean thickness of the otolithic membrane in 5 
archival temporal bone MD specimens was 11.45 micrometers versus 38 micrometers in normal 
specimens (p = 0.001).     
Conclusions:  The otolithic membrane appears to be consistently damaged in patients with VDA’s.  
In addition, there is a significantly higher incidence of otolithic membrane injury in patients with MD 
and delayed EH compared to patients without hydrops, suggesting that the underlying 
pathophysiology in VDA’s results from injury to the otolithic membrane of the saccule and utricle, 
resulting in free-floating otoliths. 
 
Define Professional Practice Gap & Educational Need:  
1. Lack of understanding of the underlying pathophysiology of vestibular drop attacks, or Tumarkin's 
crisis.  2.  Lack of knowledge of optimal treatments for patients suffering from vestibular drop 
attacks and endolymphatic hydrops. 
Learning Objective: 1. Present evidence suggesting otolithic membrane injury as part of the 
underlying pathophysiology of vestibular drop attacks and endolymphatic hydrops.  2. Discuss 
otolithic membrane injury and identify potential causes to enable future innovative treatments. 
Desired Result: 1.  Attendees will understand the clinical presentation of vestibular drop attacks and 
its relation to endolymphatic hydrops.  2.  Listeners will better diagnose and treat this disease based 
on information gleaned from the presentation.  3.  Attendees will pursue their own further research 
based on our data presented, examining their patients with vestibular drop attacks to enhance our 
understanding and treatment of this disease. 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: IRB approval was obtained through the University of California, Los 
Angeles institutional review committee; appropriate informed consent for inclusion in the study was 
obtained from each temporal bone donor as part of a National Institute of Health (NIH) funded 
Human Temporal Bone Consortium for Research Resource Enhancement through the National 
Institute on Deafness and Other Communication Disorders (NIDCD). 
List outside funding: Supported by National Institutes of Health Grant 5U24 DC 008635 (NIDCD). 



 
 

Characteristics of Patients with Unilateral and Bilateral Meniere's Disease: 
Implications as to Etiology 

 
Clarice S. Clemmens MD; Michael J. Ruckenstein MD, MS 

 
Objective: To evaluate epidemiologic differences between patients with unilateral and bilateral 
Meniere’s disease (MD). To evaluate these differences for insights into the possible etiologies of 
bilateral Meniere’s disease. 
Background: The diagnosis of MD is based on clinical criteria and its etiology is unknown. 
Differences in characteristics of patients with unilateral and bilateral MD have been noted but 
these studies’ diagnostic criteria have been variable. In order to delineate findings that might 
have implications as to the etiology of MD, we have studied rigidly selected patient populations 
with unilateral and bilateral MD. 
Study design: prospective cohort 
Materials and Methods: Patients with a potential diagnosis of MD underwent extensive 
evaluations (audiometric, radiologic, immunologic) and only patients with idiopathic MD were 
included in this study. Bilaterality of disease was based on clinical and audiometric criteria. 
Variables identified as part of the evaluation were subjected to statistical analyses to determine if 
significant differences in the unilateral and bilateral groups. 
Results: Patients with bilateral disease presented at a significantly younger age and had a 
significantly higher incidence of personal history of migraines and a family history of MD. None 
of the other identified variables were found to be significantly different. 
Conclusions: Patients with bilateral MD have a higher incidence of migraines and of a family 
history of Meniere’s disease.  Implications as the potential etiologies are discussed. 
 
Define Professional Practice Gap & Educational Need: There is a lack of knowledge and 
understanding concerning the different characteristics of patients with bilateral and unilateral 
Meniere's disease. 
Learning Objective: To understand the different characteristics of patients with bilateral and 
unilateral Meniere's Disease and the implications of these characteristics. 
Desired Result:  Attendees will learn the differences identified in patients with bilateral and 
unilateral Meniere's disease, understand the implications of these characteristics on etiology, and 
apply this new knowledge in the diagnosis and treatment of Meniere's disease in their practice. 
 
Medical Knowledge 
 
IRB or IACUC Approval:  806918 
 
 
 
 
 
 
 
 
 
 



 
Biofilm Formation by Otopathogenic Strains of Ps. aeurginosa is  

Not Consistently Inhibited by EDTA 
 

Richard A. Chole, MD, PhD; Joseph Zenga, MD 
Patricia M. Gagnon, MS; Joseph Vogel, PhD 

 
Hypothesis:  Biofilm formation in otopathogenic strains of Ps. aeruginosa (PA) is significantly 
inhibited, in vitro, by EDTA. 
Background:  EDTA has been shown to inhibit biofilm formation in a number of bacteria 
including PA.  Since EDTA may be a well-tolerated reagent to inhibit biofim formation in 
patients, we asked if EDTA might be effective in all PA strains isolated from chronically 
infected cholesteatomas. 
Methods:  PA was isolated from 15 infected cholesteatomas and grown into log phase.  At a 
standard concentration, they were grown with varying concentrations of EDTA in 96-well 
culture plates for varying periods.  At the end of the incubation period biofilm formation was 
measured with crystal violet. 
Results:  Most otopathogenic PA exhibited variable biofilm formation and dissolution with peak 
production at 12-18 hours.  At 10mM EDTA, some strains were completed inhibited and most 
demonstrated decreased biofilm formation, however, several isolates demonstrated significantly 
increased biofilm production over baseline. 
Conclusion:   The dynamic nature of biofilm growth over a short time-course, along with the 
demonstrated delay in peak time caused by EDTA treatment, may help to clarify prior 
conflicting reports since most authors have evaluated biofilm formation at only a single time-
point.  In addition, since EDTA treatment does not cause suppression of biofilm production in all 
isolates of otopathogenic PA, it may not be as efficacious an antimicrobial as previously thought.  
Although decreased planktonic growth was seen at high concentrations of EDTA, biofilm 
formation is not necessarily inhibited and may serve as a nidus for bacterial seeding in chronic 
otolaryngologic infections. 
 
Define Professional Practice Gap & Educational Need: Lack of strategies to inhibit chronic 
biofilm infections of the ear. 
Learning Objective: Understand some developing strategies to inhibit biofilm infections in 
chronic otitis media. 
Desired Result: Understand that, although EDTA may inhibit most biofilm infections, many are 
resistent and will require alternative strategies. 
 
Patient Care 
Medical Knowledge 
 
IRB or IACUC Approval: #201104239 
List outside funding:  NIDCD R01 DC000263-24(RAC) and P30  DC004665-11(RAC) 
 



 
Steroids in Aminoglycoside-Containing Ear Drops:  Do they 

Reduce Cochlear Toxicity? 
 

Saad A. Alsaleh MD; Brian W. Blakley MD, PhD 
Zameel A. Dewji MD; Kaiser A. Qureshy MD 

Sylvie T. Berard Au.D; Ling Xie RA 
 

Hypothesis:  Betamethasone will reduce the cochlear toxicity of otic gentamicin if given together. 
Background:  Otic drops containing aminoglycosides (AMGs) are valuable in treating gram-
negative bacterial infections of the middle & external ear. Their usage, however, is discouraged in an 
open middle ear due to their ototoxic effects. Nevertheless, AMG/glucocorticoid drops have been 
used for many years with a rare incidence of hearing loss. Could it be that glucocorticoids are 
protective against the cochleotoxic effects of AMGs? 
Methods:  Thirty-four mice were assigned at random to receive intratympanic injections of either 0.1 
% betamethasone (BM) (11 mice), 0.3% gentamicin (GM) (10 mice) or a combination of both 
(GM/BM) (13 mice) in the left ear (treated) and saline on the right (untreated). Six injections were 
given on alternate days.  Hearing thresholds were assessed with auditory brainstem response (ABR) 
using tone bursts at one, two months and greater than two months.   
Results:  There was a significantly greater degree of hearing loss in the BM treated ears compared to 
the untreated ears of 6.48 dB (p=0.007) and in the GM treated ears compared to untreated ears (p= 
0.010, 6.59 dB hearing loss). However, otic GM/BM did not cause significant additional hearing loss 
compared with the untreated ears (p=0.242, 3.56 dB hearing loss).  
Conclusion:  Our data suggests that hearing loss caused by gentamicin otic drops may be reduced by 
the inclusion of betamethasone.  In addition, betamethasone alone in otic drops may be associated 
with hearing loss. 
 
Define Professional Practice Gap & Educational Need: 1. There is a lack of awareness between 
some otolaryngologists on the hazards of aminoglycoside use in the middle ear to treat a draining ear.  
2. This lack of awareness might be related to the usual packaging of glucocorticoides with 
aminoglycosides in otic drops which decreases in our animal model the cochlear toxicity of these 
agents.  3. This topic is very controversial in otology and further evidence such as our study is still 
needed to prove or disprove these theories.  4. Also, our study shows that steroids alone might be 
cochleotoxic . This has been found in only one study prior to ours and we will discuss possible 
etiologies and evidence surrounding that. 
Learning Objective:  1. To acknowledge that aminglycosides are cochleotoxic and steroids might  
possibly decrease that effect.  2. Not to use aminoglycoside otic drops in an open middle ear unless 
other options are not existent, with steroids and after patient informed consent of possible toxicities.  
3. To further study the possible cochlear toxicity of steroids if given alone in the middle ear. 
Desired Result:  1. To show that the possible cause of rare incidence of hearing loss with  
aminoglycoside drops is the effect of the combination with steroids and not the benign nature of the 
drug (at least in our animal model).  2. To readdress the issue of not using aminoglycosides in an 
open middle ear and to remind clinicians about their possible toxicities. 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
Interpersonal and Commun 
Professionalism 
System-Based Practice 
 
IRB or IACUC Approval:  Protocol 09-002/1 
List outside funding: None. Funded by the Department of Otolaryngology, University of Manitoba 



  
 

Anti-Ige Therapy for Eosinophilic Otitis Media 
 

Yukiko Iino, MD, PhD; Hiromi Kanazawa, MD 
 Akihiro Shinnabe, MD; Naohiro Yoshida, MD, PhD 

 
Objective: Eosinophilic otitis media (EOM) is an intractable otitis media characterized by the 
presence of a highly viscous yellow effusion containing eosinophils and high levels of IgE. The 
presence of high-level IgE may exacerbate eosinophilic inflammation in the middle ear. We 
carried out a pilot study to determine whether anti-IgE therapy is efficacious in the treatment of  
EOM.  
Study design: Prospective study.  
Setting: Tertiary referral center.  
Patients: Seven patients with severe EOM received the anti-IgE agent, omalizumab, for at least 
3 months, in addition to ordinary treatments for EOM such as intratympanic instillation of a 
corticosteroid. For controls, seven patients with EOM without anti-IgE therapy were also 
included in this study. 
Main outcome measures: They were evaluated by a questionnaire for ear, nose and respiratory 
symptoms, otomicroscopy, a temporal bone CT scan, audiometry, and measurement of surrogate 
markers in MEE before and after the anti-IgE therapy.   
Results: At 3 months, only two of seven patients showed improvement of EOM and hearing 
acuity. However, eosinophilic cationic protein (ECP) concentrations in the MEE were decreased 
in most of the patients. Four patients continued the anti-IgE treatment for more than 9 months 
and all showed improvement of subjective symptoms and the frequency of MEE.  
Conclusion: This pilot study provides new evidence establishing that long term anti-IgE therapy 
reduces the frequency of MEE and ECP concentrations in the MEE. Therefore, long term anti-
IgE therapy can be effective in the treatment of EOM to inhibit eosinophilic inflammation in the 
middle ear.   
 
Define Professional Practice Gap & Educational Need:  The goal of the treatment of 
eosinophilic otitis media has been shown to control the middle ear inflammation and to preserve 
hearing.  However, anti-IgE therapy is new and targeted medication, and resolution of EOM will 
be expected. 
Learning Objective:  Although the effectiveness of anti-IgE therapy for bronchial asthma has 
been established, there have been no trials for anti-IgE therapy for EOM.  
Desired Result: Anti-IgE therapy can be effective not only for bronchial asthma but eosinopilic  
otitis media.  
 
Patient Care 
 
IRB or IACUC Approval: Study Number:  10-11 
List outside funding: #12288;Grant-in-Aid for Scientific Research of the  
Ministry of Education, Culture, Sports, Science and Technology in Japan. 
 

 



 
Mannitol Protects Auditory Hair Cells against Tumour  

Necrosis Factor Alpha (TNF α)-Induced Loss 
 

Guyan A. Channer, MD; Esperanza Bas, PhD; Fred F. Telischi, MEE, MD 
Chhavi Gupta, PhD; John T Dihn, BS; Ly Vu, BS 

 
Hypothesis: Mannitol has otoprotective effects against TNF α induced auditory hair cell (HC) 
loss. 
Background: Mannitol has been demonstrated to possess cytoprotective effects in several organ 
systems. Its protective effect on post-ischemic hearing loss has also been shown. Mannitol's 
otoprotective mechanism and site of action are at present unknown. 
Material and Methods: Organ of Corti (OC) explants were dissected from 3 day-old rat pups. 
The safety (non-ototoxicity) of mannitol was assessed at several concentrations (1-100mM). 
Three experimental arms were designed including: a control group; TNF α group; and TNF α + 
mannitol group. Cell viability was determined by counts of fluorescein isothiocyanate (FITC) 
phalloidin stained HC. Immunofluorescence assays of phospho-c-Jun and the pro-apoptotic 
mediators, cleaved-caspase-3, apoptosis inducing factor (AIF) and endonuclease G (EndoG), 
were performed. 
Results: Analysis of HC density confirmed the safety of mannitol at concentrations ranges of 1-
100mM. The ototoxic effect of TNF α was demonstrated (p<0.05). The otoprotective effect of 
100mM mannitol in TNF α-challenged OC explants was also demonstrated (p<0.001). Mannitol 
treatment reduced the high levels of phospho-c-Jun observed in the TNF α-challenged group. 
EndoG cluster formation and its translocation into the nuclei of HCs were also reduced by 
mannitol treatment. 
Conclusion: Mannitol significantly reduces the ototoxic effects of TNF α against auditory HCs 
potentially by inhibiting EndoG and c-Jun N-terminal kinase (JNK) activation pathway. This 
local otoprotective effect may have therapeutic implications in inner ear surgery, e.g. cochlear 
implants, for protection of residual hearing, as well as implications for post-ischaemic inner 
ear insults. 
 
Define Professional Practice Gap & Educational Need:  Although mannitol has demonstrated 
cytoprotective effects on various organ systems, its effects at a cellular level within the auditory 
system has never been demonstrated which may have implication for hearing protection. 
Learning Objective:  The learning objective is to demonstrate the otoprotective capacity of 
mannitol at the cellular level. 
Desired Result:  Upon completion of this discussion, otolarygologists should be able to  
1). Recognize that mannitol has otoprotective properties  2). Utilize this knowledge in their daily 
practice 
 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: ACUC Protocol # is 11-086 
 
 
 
 
 



 
 

Pre and Post-concert Assessment of Hearing Loss in Teenagers 
 

Jennifer Derebery MD; Andrew Vermiglio PhD; Maria Vargas AuD 
Marilee Potthoff 

 
One in five adolescents has some hearing loss, mostly high frequencies. The study assesses 
whether attendance at a typical rock concert could contribute to the marked decrease in pure tone 
sensitivity in this age group.  
Objectives:  To determine the proportion of teen attendees of a typical rock concert experiencing 
a change in Distortion Product Otoacoustic Emission (DPOAE) amplitude and to determine the 
average change in air conduction pure tone thresholds after attendance at a single rock concert. 
Study design: Non-randomized, prospective 
Setting: Tertiary referral center 
Patients: Thirty children and adults between ages 12 and 20 years recruited from the general 
population, with bilateral  air conduction thresholds < 25dB HL. 
Interventions: Pre and Post concert air conduction thresholds binaurally and measured DPOAE 
levels in one ear. 
Main outcome measures:  Average pure tone threshold (PTA) change and number of subjects 
experiencing decreased DP amplitudes 
Results:  T-test results revealed significant PTA shifts on the right at 2 through 6 kHz and in the 
left ear at 2 through 4 kHz (alpha = .004).  The number of subjects experiencing a reduction in 
DP amplitude (n=17) from pre to post-concert evaluation just reached significance (two-tailed 
Sign test for n=25).  These results suggest that the concert-goers experienced an immediate PTA 
shift and reduced DP amplitude after attending the concert.   
Conclusions: The majority of teen and young adult attendees of a typical rock concert showed 
significant changes in PTA and a decreased functionality of outer hair cells. 
 
Define Professional Practice Gap & Educational Need: Need to illustrate dangers to hearing 
from even a single exposure to a very common recreational activity.  Lack of knowledge of 
changes in DPOAE measurements from attnedance at a typical concert. 
Learning Objective: Illustrate the changes to normal hearing thresholds and measured DPOAE 
measurements from a single exposure to a typical rock concert in teenage subjects. 
Desired Result:  Encourage (strongly) the use of noise protection for teen attendees for typical  
rock concerts.  Long term: mandate more stringent limits on sound exposure from a recreational  
concert  
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: Yes 
 
 
 

 
 



 
 

Molecular Pathway Analysis of Genetic Hearing Loss 
 

Georgios Stamatiou, MD; Konstantina M. Stankovic, M.D., PhD 
 
Hypothesis:  Deafness genes are interconnected through common molecular pathways. 
Background:  There are many genes implicated in genetic hearing loss, and many more to be 
identified.  This daunting complexity can be simplified by analyzing molecular pathways that 
these genes belong to. 
Methods: Genes relevant for hearing and deafness were identified through PubMed literature 
searches, and assembled into 3 groups: (1) 74 genes that cause non-syndromic deafness, (2) 125 
genes that cause non-syndromic and syndromic deafness, and (3) 122 genes associated with otic 
capsule development and malformations. Each group was analyzed using Ingenuity Pathway 
Analysis to discover the most interconnected, i.e. ‘nodal’ molecules, within the most statistically 
significant networks (p<10-45).   
Results: The number of networks that met our criterion for significance was 1 (group 1) or 2 
(groups 2 and 3).  Nodal molecules of these networks were: Transforming Growth Factor Beta1 
(TGFB1) for group 1, p42/p44 MAP Kinase (ERK 1/2) and the G Protein Coupled Receptors 
(GPCR) for group 2, and TGFB1 and Hepatocyte Nuclear Factor 4 alpha (HNF4a) for group 3.  
The nodal molecules included not only those known to be associated with deafness (GPCR), or 
with predisposition to otosclerosis (TGFB1), but also novel genes that have not been      
described in the cochlea (HNF4a), and signaling kinases (ERK 1/2).     
Conclusions: A number of molecules that are likely to be key mediators of genetic hearing loss 
were identified through three different molecular pathway analyses.  The molecules included 
new candidate genes for deafness. Therapies targeting these molecules may be useful to treat 
deafness. 
 
Define Professional Practice Gap & Educational Need:  There are many genes implicated in 
genetic hearing loss 
Learning Objective: Genes relevant for hearing and deafness were identified through PubMed  
Desired Result: A number of molecules that are likely to be key mediators of genetic hearing 
loss were identified through three different molecular pathway analyses.  The molecules included 
new candidate genes for deafness. Therapies targeting these molecules may be useful to treat 
deafness. 
 
Medical Knowledge 
 
IRB or IACUC Approval:  N/A 
 
 
 
 
 
 
 



 
Intratemporal Facial Nerve Variability:  Implications for Otologic Surgery 

 
Theodore R. McRackan, MD; Fitsum A. Reda, MS; Jack H. Noble PhD 

Alejandro Rivas, MD; Benoit M. Davant PhD; Robert F. Labadie MD, PhD 
 
Hypothesis:  To determine which portion of the facial nerve (FN) has the highest degree of 
variability and to determine if differences exist between children and adults. 
Background: While anecdotal reports exist regarding the highest degree of FN anatomic  
variation, there is minimal data on this subject.  Herein we describe the location of highest 
variation of the FN as well as anatomic difference in pediatric patients compared to adult 
patients. 
Method: High resolution CT scans of 20 pediatric patients and 20 adult patients were evaluated 
using software consisting of a model-based segmentation algorithm that automatically localizes 
and segments the FN.   Aligned centerline variations, mean centerline, and standard deviation at 
each centerline point were computed .  One side of each patient was randomly selected for 
inclusion in this study.  (40 more patients will ultimately be added to this study before 
presentation) 
Results:In children, the FN was on average more lateral at the distal vertical segment (1.55mm, 
p<0.01), more posterior at the distal tympanic segment (0.85mm, p<0.001), and more inferior at 
the proximal tympanic segment (2.95mm, p<0.001) when compared to adults.  The greatest 
degree of variation in the FN was at the distal most portion of the tympanic segment in adults 
(SD 0.42mm) and at the mid portion of the second genu in children (SD 0.52mm).   
Conclusion: Differences in the course of the FN between adults and children are quantified in 
the hopes of improving surgical efficiency and safety.  Areas of maximal variation, which should 
be carefully assessed during surgery, are the tympanic segment in adults and the second genu in 
children.  
 
Define Professional Practice Gap & Educational Need: 1)  Lack of awareness of areas of 
facial nerve with the highest degree of variability 2)  Lack of contemporary knowledge of 
differences in facial nerve location in children compared to adults 
Learning Objective:  1)  Understand which areas of the facial nerve have the highest degree of  
variability 2)  Understand differences in facial nerve location in children  
compared to adults. 
Desired Result:  1)  Apply new knowledge of facial nerve anatomy and differences in location 
that exist to otologic operations 2)  Improve surgical efficiency and safety with this new 
understanding 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB Approval No.  101433 
This work was supported by NIH grants R01DC008408 and R01DC008408 from the  
National Institute of Deafness and Other Communication Disorders. The content is  
solely the responsibility of the authors and does not necessarily represent the  
official views of these institutes. 
 
 
 
 



 
 

Rehabilitation of Central Facial Paralysis with Hypoglossal-Facial Anastomosis 
 

C. Eduardo Corrales M.D; Richard K. Gurgel M.D. 
Robert K. Jackler, M.D. 

 
Objective:  To evaluate the ability of hypoglossal-facial nerve anastomosis to reanimate the face 
in patients with nuclear (central) facial nerve palsy. 
Study Design:  Retrospective case series. 
Setting: Tertiary academic medical center 
Patients: Four patients with facial nerve paralysis due to a lesion of the brainstem facial nucleus 
caused by arteriovenous malformations, hemorrhage secondarily to pontine-cavernous lesions 
(vascular malformations), and brainstem compression due to a petroclival meningioma.   
Intervention: All patients underwent end-to-end hypoglossal-facial nerve  
anastomosis.  
Main Outcome Measures: Facial nerve function using the House-Brackmann (HB) scale and 
physical and social/well-being function using the Facial Disability Index (FDI). 
Results: The mean age of the patients was 53.3 years (range 32-73). There were 3 female and 1 
male patients. All patients had preoperative facial function HB VI/VI.  With a minimum of 12 
months follow-up after end-to-end hypoglossal-facial anastomosis, two patients regained 
function to HB grade III/VI.  One patient attained a HB grade IV/VI, although subsequently 
developed a bulbar palsy with deteriorating facial nerve function bilaterally.  One patient had a 
HB grade V/VI 12 months after surgery. Facial Disability Index scores showed comparable 
results to complete peripheral facial nerve palsy scores after acoustic neuroma resection followed 
by hypoglossal-facial anastomosis.  
Conclusions: Patients with nuclear facial palsy who undergo end-to-end hypoglossal-facial 
nerve anastomosis achieve similar degrees of reanimation compared to those with peripheral 
facial nerve palsies. 
 
Define Professional Practice Gap & Educational Need: Lack of contemporary knowledge 
regarding rehabilitation of central (nuclear) facial nerve(FN) paralysis with the end-to-end 
hypoglossal-facial anastomosis reanimation technique.  More data is necessary to compare 
outcomes of patients with peripheral  vs central(nuclear) complete facial nerve paralysis.  
Learning Objective: To demonstrate facial nerve (FN) rehabilitation outcomes in patients with 
nuclear facial nerve paralysis who underwent hypoglossal-facial nerve anastomosis through 
House-Brackmann scores and by the Facial Disability Index. 
Desired Result: 1) Clinicians will better inform patients regarding outcomes with the 
hypoglossal-facial reanimation technique in nuclear FN paralysis. 2) Surgeons can expect same 
House-Brackmann and Facial Disability Index scores in patients with nuclear FN who undergo 
hypoglossal-facial reanimation technique.  
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: Not required.  
List outside funding: No 



 
Zinc and Ginkgo Biloba as Placebo Interventions Reduce  

Tinnitus in Selected Patients 
 

Charles A. Mangham Jr. MD MS; A. Davis Mangham 
 

Objective:  We examined two drugs with anecdotal effectiveness, few side effects, but little 
proven benefit in a supportive clinical setting to evaluate the potential placebo effect of these 
candidates for first-line treatment of tinnitus.   
Study design:  A prospectively-designed sequential placebo intervention drug trial approved by 
the chairman of the IRB.  
Setting: Subspecialty private practice 
Patients: Patients over the age of 18 years with a primary complaint of tinnitus between 2006 
and 2010.  Those with disorders that may affect hearing acuity during the study were excluded. 
Intervention: The first 110 patients were given zinc 50 mg daily and the second 107 patients 
were given Ginkgo biloba 240 mg twice daily for two months. 
Main outcome measures: Previously validated questionnaires for self-rating of tinnitus loudness 
(11 point ordinal scale from 0-10), severity (44 point ordinal scale from 12-56), and benefit of 
treatment (5 point categorical scale). 
Results:  About 55% of patients thought that the drugs were effective in reducing their tinnitus; 
however, neither drug significantly reduced tinnitus loudness or severity.  In a secondary 
analysis, we used the baseline questionnaire to select patients for treatment, those with either 1) 
baseline loudness of at least 4, or 2) severity score of at least 35, or 3) current depression.  With 
both drugs, these selected groups had significant reductions of loudness or severity after two 
months (paired-samples T-test, p<0.05).   
Conclusions:  In a supportive clinical setting, zinc and Ginkgo significantly reduced tinnitus 
loudness or severity in selected patients. 
 
Define Professional Practice Gap & Educational Need:  1. Lack of awareness of the design 
and outcome of placebo drug trials and how they may be appropriate for the treatment of tinnitus 
Learning Objective:  1. Awareness of the nature of placebo effects and how they can be used to  
improve the outcome of the treatment of tinnitus. 
Desired Result: 1. attendees may consider using drugs with few side effects and low cost as  
first-line treatment of tinnitus in a supportive clinical environment realizing that in order to get a 
placebo effect, the patient has to take the placebo treatment. 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
Interpersonal and Commun 
 
IRB or IACUC Approval:  The study had an expedited review by the chairman of the IRB of 
Swedish Hospital Medical Center in Seattle and was approved.  It was not assigned a number.   
 
 
 
 
  
 



 
 

Large Jugular Bulb Abnormalities Involving the Middle Ear 
 

Maggie A. Kuhn, MD; David R. Friedmann, MD; Leon S. Winata, BS 
John Kveton, MD; Saumil N. Merchant, MD; Anil K. Lalwani, MD 

 
Objective: Jugular bulb abnormalities (JBA), such as jugular bulb diverticula (JBD) or large 
jugular bulbs, rarely present in the middle ear. We review a large series of temporal bone 
histopathologic specimens to determine their prevalence and present a series of cases of JB 
abnormalities involving the middle ear (JBME) that shed light on the probable mechanism for 
their development.  
Methods: We reviewed 1579 temporal bone specimens to determine the prevalence and 
presentation of JBME. In addition, the clinical and radiologic findings of a series of individuals 
with JBME were reviewed.  
Results: There were 17 cases of JBME in 1579 temporal bones (1.1%) of which 15 involved the 
inferior mesotympanum below the level of round window membrane (RWM), while two 
encroached upon the RWM or ossicles. In addition, four clinical cases of large JBME extending 
above RWM were encountered; these occurred in both genders with ages spanning from young 
to old (7 to 66 years).  They presented with conductive hearing loss (N=3), ear canal mass (N=1), 
and intraoperative bleeding (N=1). Radiographically, patients had multiple diverticula of the JB 
on the side with JBME with one demonstrating growth on serial imaging studies.  All  
patients who underwent additional imaging had marked stricture of the contralateral transverse 
sinus. 
Conclusions: JBME abnormalities are rare, present across age groups, and may demonstrate 
serial growth over time.  They are usually associated with multiple diverticula within the same 
JB.  Our clinical series suggests that JBME’s development and uniquely aggressive behavior 
results from contralateral transverse sinus outflow obstruction. 
 
Define Professional Practice Gap & Educational Need: 1. Incomplete description of the 
spectrum of jugular bulb abnormalities involving the middle ear.  2. Lack understanding of the 
etiologic factors responsible for the development and progression of jugular bulb abnormalities 
affecting the middle ear. 
Learning Objective:  1. Appreciate the prevalence as well as the histologic, radiographic and  
clinical spectrum of jugular bulb abnormalities involving the middle ear.  2. Consider a possible 
mechanism for the development and behavior of middle ear jugular bulb abnormalities 
Desired Result:  1. Incorporate enhanced knowledge of jugular abnormalities involving the  
tympanic cavity when evaluating and treating patients with middle ear disorders.  2. Improve 
counseling to patients found to have (incidental or symptomatic)  
jugular bulb abnormalities of the middle ear. 
 
Medical Knowledge 
 
IRB or IACUC Approval: N/A 
 
  
 



 
Method and Reproducibility of a Standardized Technique for Ossiculoplasty 

 
Michael B. Gluth, MD; John L. Dornhoffer, MD 

 
Objective:  To evaluate the reproducibility of a standardized surgical technique for 
ossiculoplasty 
Study Design:  Retrospective review  
Setting: Academic tertiary referral center  
Patients:  The first 35 consecutive patients undergoing a standardized ossiculoplasty technique 
performed by an experienced otologist after receiving only verbal and audiovisual media 
instruction from another senior otologist regarding technique specifics and mode of execution.  
Intervention:  Standardized technique was comprised of: 1) reconstruction from the stapes to the 
malleus neck  2) usage of the same length hydroxylapatite head/titanium shaft prosthesis for 
every case (2 mm PORP, 4 mm TORP) 3) bending the head of the prosthesis 30 degrees to fit the 
contour of the malleus manubrium 4) creation of a freestanding reconstruction without packing 
5) placement of a large cartilage graft over the prosthesis head 6) usage of a footplate shoe for 
cases involving a TORP.  The predicted postoperative air-bone (A-B) gap was calculated 
according to subjects’ risk factors based on a previously published ossiculoplasty outcome 
scoring system (derived from outcomes at this institution), and then was compared to the actual 
average postoperative A-B gap achieved.   
Main Outcome Measure:  Predicted versus actual average postoperative air-bone gap  
Results:  Of the first 35 consecutive ossiculoplasty procedures with this technique, audiometric 
results were available for 30.   Among these, the average postoperative A-B gap was 16 dB 
(range 1 dB-31 dB), which was within the predicted range based on underlying risk factors.  
Conclusions: Short-term outcomes suggest that this technique appears to be a reproducible 
means of achieving excellent outcomes in ossiculoplasty. 
 
Define Professional Practice Gap & Educational Need: 1.  Lack of knowledge as to the 
reproducibility of ossiculoplasty outcomes associated with specific techniques.  2.  Lack of 
awareness of the importance of considering the nature of technique specifics as opposed 
prosthesis type in ossiculoplasty. 
Learning Objective: To illustrate the reproducibility of a standardized ossiculoplasty technique 
in achieving excellent short-term outcomes. 
Desired Result: Attendees will understand the components of a standardized technique of 
ossiculoplasty and will be able to apply these principles to their own surgical practice.  They will 
also be aware of the need to consider the concept of predicted versus actual achieved hearing 
results based on underlying severity when interpreting ossiculoplasty outcomes.   
 
Patient Care 
Medical Knowledge 
 
IRB or IACUC Approval: YES 
 
 
 
 
 
 



 
Intraoperative Monitoring of Ossiculoplasty Efficacy by RW-ECochG 

 
Krzysztof Morawski; Kazimierz Niemczyk; Erdem Yavuz; Rafael E. Delgado 

Aleksandra Hryciuk; Fred F. Telischi, MD 
 
Objective: To assess intraoperative air-bone gap reduction during ossiculoplasty using round 
window electrocochleography (RW-ECochG). 
Study Design: A prospective, feasibility study. 
Setting: Academic, tertiary referral center.   
Patients: Individuals with history of cholesteatoma undergoing second stage ossicular 
reconstruction surgery. 
Intervention: RW-ECochG recordings during manipulations of ossicular prostheses. 
Main Outcome Measure: Correlation of intraoperative RW-ECochG click and tone-burst 
stimulation threshold reductions to postoperative conductive hearing improvement as measured 
by audiometry. 
Results: Thirty five adult patients underwent two-stage canal wall-up tympanoplasty. During the 
second look procedure, a needle electrode for RW-ECochG was placed at the RW niche via 
posterior tympanostomy (transmastoid facial recess). Prosthesis placement efficacy was 
evaluated by intraoperatively measured RW-ECochG stimulus thresholds. Auditory thresholds 
for click and frequency specific stimulation (tone-burst: 0.5-, 1.0-, 2.0-kHz), defined as the  
last intensity for which RW-ECochG N1 peak was present, were tested for various 
configurations of ossicular placement.  Postoperative air-bone gap closure ranged between 10 to 
45 dB.  Hearing improvement measured intraoperatively correlated with 6 months or greater 
postoperative hearing thresholds (Spearman test - R>0.5; p<0.05). Adjustments in prosthesis 
configuration and placement resulted in measurable changes in the RW-ECochG thresholds. This 
technique appeared particularly sensitive to changes in position of total ossicular replacement 
prostheses (TORPs).   
Conclusions: RW-ECochG was found to be an effective tool for evaluation of intraoperative 
hearing threshold improvement and showed good correlation with postoperative hearing status in 
cases of second stage ossiculoplasty.  
 
Define Professional Practice Gap & Educational Need:  Otologists do not monitor 
intraoperatively hearing during ossiculoplasty.  Application of intraoperative hearing 
measurements could improve postoperative hearing results improving quality of life of patients     
 
Learning Objective: 1. Presentation of audiological technique of intraoperative monitoring of  
hearing during ossiculoplasty; 2. Presentation of follow-up data showing utility of a new strategy 
of  intraoperative monitoring of hearing during ossiculoplasty;   
 
Desired Result:  1. Improvement of knowledge about a technique of intraoperative monitoring 
of hearing during ossiculoplasty; 2. Postoperative hearing results improvement; 3. Patient quality 
of life improvement   
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: #KB/34/2009  
List outside funding: The National Centre for Research and Development (NCBiR) Grant N R13 
0040 06/2009  



 
Long-term Results of Titanium Prostheses in Ossiculoplasty 

 
Lauren A. Kilpatrick, MD; Fu-Shing Lee, PhD; Paul R. Lambert, MD 

 
Objective: To determine the stability of hearing outcomes observed following ossiculoplasty 
with titanium prostheses at short-term and long-term intervals. 
Study design: Retrospective case series review. 
Setting: Tertiary academic referral center. 
Patients: Twenty-five patients undergoing ossiculoplasty with titanium prosthesis placement by 
a single surgeon from 2003-2008 with sufficient audiometric data for analysis. 
Intervention(s): Ossiculoplasty with titanium prosthesis placement. 
Main outcome measure(s): A prospectively developed database of ossiculoplasty surgeries was 
evaluated for preoperative and postoperative audiometric data including air and bone conduction 
thresholds and speech reception thresholds.  Hearing outcomes were evaluated within one year 
postoperatively and again at a minimum of three years postoperatively. 
Results: Twenty-five patients (ages 3 to 54 years) who underwent ossiculoplasty with titanium 
prosthesis placement from 2003-2008 were included in the study.  Mean follow-up ranged from 
36 to 104 months, with a mean of 57.2 months.  Mean air-bone gap (ABG) at early follow-up 
was 15.8 dB and at long-term follow-up was 17.2 dB (p>0.05).  Mean speech reception 
thresholds (SRT) at early follow-up was 18.2 dB and at long-term follow-up was 21 dB 
(p>0.05).  One prosthesis (4%) extruded postoperatively. 
Conclusions: Patients undergoing ossiculoplasty with titanium prosthesis placement demonstrate 
improved and stable hearing outcomes over long-term follow-up. 
 
Define Professional Practice Gap & Educational Need:  1. Define outcomes/goals for hearing 
results following ossiculoplasty.  2. Lack of knowledge regarding long-term hearing outcomes 
following ossiculoplasty using titanium prostheses. 
Learning Objective: To define expected hearing outcomes following ossiculoplasty using 
titanium prostheses. 
Desired Result:  Improve patient outcomes and education regarding hearing results following 
ossiculoplasty with titanium prostheses. 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: Yes 



 
Patterns of Failure in Canal Wall Down Tympanomastoid Cavity Instability 

 
Michael B. Gluth, M.D; John L. Dornhoffer, M.D; Aaron M. Metraile, M.D. 

 
Objective:  To evaluate and to classify patterns of various factors that may lead to the need for 
surgical revision of a chronically unstable canal wall down tympanomastoid cavity 
Study Design:  Retrospective review and statistical analysis 
Setting:  Academic tertiary referral center 
Patients:  Subjects were patients that underwent surgical revision of a canal wall down 
tympanomastoid cavity due to chronic instability and discharge.  
Intervention:  Factors presumably contributing to chronic open tympanomastoid cavity 
instability were reviewed and statistical analysis was undertaken to correlate and classify patterns 
of failure.  Medical records and radiologic images were reviewed to evaluate factors such as: 
persistent diseased mastoid air cells, non-saucerized mastoidectomy, recurrent cholesteatoma, 
neo-tympanic membrane perforation or retraction, high facial ridge, hourglass-shaped external 
auditory meatus, high volume cavity, large open mastoid tip, unfavorable microbiology, and 
patient constitutional risk factors.  
Main Outcome Measure:  Risk factor correlation according to multivariate statistical analysis. 
Results:  151 patients that underwent revision of an unstable open tympanomastoid cavity were 
reviewed.  We found that factors driving the need for revision surgery can be classified class A) 
constitutional factors, class B) mastoid cavity shape/size, or class C) primary tympanomastoid 
disease recurrence/persistence.  
Conclusion:  Although causation is difficult to definitively establish, distinct patterns of failure 
do appear to exist that may lead towards the need for surgical revision of an unstable canal wall 
down tympanomastoid cavity. 
 
Define Professional Practice Gap & Educational Need: Lack of contemporary knowledge 
showing definitive factors that may contribute to the need for surgical revision of an unstable 
canal wall down tympanomastoid cavity. 
Learning Objective: To evaluate and to classify patterns of various factors that may lead to the  
need for surgical revision of a chronically unstable canal wall down tympanomastoid cavity 
Desired Result: To define distinct patterns of failure and contributing factors of canal wall down 
tympanomastoid cavities. 
 
Medical Knowledge 
Practice-Based Learning 
 
System-Based Practice 
 
IRB or IACUC Approval:  131220 
 
 
 
 



 
Does Preoperative Hearing Predict Postoperative Hearing In 

Patients Undergoing Primary Aural Atresia Repair? 
 

Brian D. Nicholas, MD; Kaelyn Krook, BS 
Lincoln Gray, PhD; Bradley W. Kesser, MD 

 
Objective: The purpose of this study is to explore the correlation between preoperative hearing 
and early postoperative hearing results in patients undergoing primary aural atresia repair. 
Study design: Retrospective review of 140 patients. 
Setting: Academic tertiary referral center. 
Patients: One hundred, thirty-three patients (5 to 67 years old) undergoing primary atresia 
surgery were included.   
Main outcome measure(s):  Spearman correlation coefficients were calculated between 
preoperative and postoperative hearing outcome measures (mean 7.5 weeks; range, 3-40 weeks 
after surgery) including 3-tone pure-tone average (PTA), speech reception threshold (SRT), 
speech discrimination scores (SDS), air-bone gap (ABG), change in ABG (∆ABG), and between 
preoperative SRT and Jahrsdoerfer score.     
Results: Preoperative PTA, SRT, SDS, and ABG correlated strongly with their respective 
postoperative values (Correlation coefficients [rho] of .356 (p<.01), .199 (p<.05), .480 (p<.01), 
and .223 (p<.05), respectively).  Preoperative PTA (.407; p<.01), SRT (.348; p< .01), SDS (-
.247; p<.01), and ABG (.514; p<.01) were also correlated with ∆ABG.  When postoperative 
results were dichotomized to either normal (SRT < 30dB HL) or abnormal (SRT ≥ 30dB HL), 
preoperative SRT was found to be a positive predictor of normal postoperative hearing (p=.05).  
Probability of normal postoperative hearing was 66% when preoperative SRT was ≤ 50 dB HL 
and 40% when ≥ 70 dB HL.  Preoperative hearing (SRT) also correlated with Jahrsdoerfer score 
(-.168 [p<.05]). 
Conclusions: Among patients undergoing primary atresia repair, better preoperative hearing 
correlates with ear anatomy and strongly predicts better postoperative hearing.  Preoperative 
hearing status should be factored when counseling atresia patients on hearing rehabilitation 
options.  
 
Define Professional Practice Gap & Educational Need: Surgery to repair congenital aural 
atresia has traditionally met with inconsistent results. Choosing the best candidates 
preoperatively may ensure better hearing results. The gap is to define what factors are predictive 
of success in atresia surgery. 
Learning Objective: Anatomy of the atretic ear has been a well-studied and well-recognized 
factor to aid the surgeon in determining a patient's surgical candidacy.  Here we evaluate whether 
preoperative hearing status can be an adjuvant consideration in the evaluation of patients for 
atresia surgery.  We also correlate preoperative hearing with anatomy of the atretic ear - does  
poorer anatomy truly correlate with poorer preoperative hearing - a "form and function" analysis. 
Desired Result: Attendees will use the knowledge from this presentation to better counsel those 
patients with aural atresia with regard to hearing rehabilitation and the possibility of successful 
surgical outcomes. 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: IRB number 15874; Approval pending 



 
Petrous Apex Cholesterol Granuloma Histopathology: An analysis of the 

Histopathology of Surgical Management and Histopathologic Evidence for the 
Exposed Marrow Theory 

 
Michael Hoa, MD; John W. House, MD; Fred H. Linthicum, Jr., MD 

 
Objectives: 1) To review the histopathologic  and radiologic changes associated with surgical drainage of 
petrous apex (PA) cholesterol granulomas. 2) To provide histopathologic evidence for the exposed 
marrow theory of petrous apex cholesterol granulomas. 3) To assess the maintenance of drainage pathway 
patency in patients who undergo surgical management of cholesterol granulomas 
Study design: Retrospective case review 
Setting: Tertiary referral center 
Patients: Patients with surgically managed petrous apex cholesterol granulomas at the House Clinic with 
available followup radiologic imaging. Histopathologic analysis was performed on temporal bones of 
patients with petrous apex cholesterol granulomas from the Temporal Bone repository at the House 
Research Institute.  
Interventions: Surgical drainage of PA cholesterol granulomas. Followup radiologic imaging (CT or 
MRI).  
Main Outcome Measures: Primary outcome is demonstrated maintenance of a PA outflow drainage 
pathway following the surgical drainage procedure as assessed by radiologic imaging, available 
histopathology, and/or recurrence of symptoms indicating failure of maintenance. Recurrence of 
symptoms is correlated with surgical findings at time of revision surgery. 
Results: Histopathologic evidence for the exposed marrow theory of petrous apex cholesterol granulomas 
is reviewed. A majority of the patients exhibited maintenance of their PA drainage pathway. 
Histopathologic evidence suggests that the PA drainage pathway can be maintained for many years after 
surgical drainage. Recurrence of symptoms was correlated to obstruction of the drainage pathway by 
fibrous tissue and/or granulomatous tissue. Placement of a stent improved the patient’s chance of 
remaining symptom-free. 
Conclusions: The majority of patients who undergo surgical drainage of PA cholesterol granulomas 
remain symptom-free after surgical drainage. Histopathologic analysis of temporal bone specimens 
provides evidence supporting the exposed marrow theory of PA cholesterol granuloma formation. Loss of 
patency of the PA drainage pathway may be an important predictor for symptomatic recurrence of petrous 
apex cholesterol granulomas. Placement of a stent may decrease the likelihood of symptomatic 
recurrence.  
 
Define Professional Practice Gap & Educational Need:  1) The efficacy of stent placement in surgical 
drainage of petrous apex cholesterol granulomas is undetermined. 2) While theories for formation of 
petrous apex cholesterol granulomas have been proposed, little histopathologic evidence has been 
presented to support these theories. 
 
Learning Objective: 1) To understand the efficacy of stent placement in surgical drainage of petrous  
apex cholesterol granulomas.  2) To understand the histopathologic evidence that supports the exposed 
marrow theory of petrous apex cholesterol granulomas. 
 
Desired Result:  1) To contribute to rational surgical decision-making by elucidating the efficacy of 
surgical drainage of petrous apex cholesterol granulomas in the absence or presence of stent placement.  
2) To improve the body of knowledge as it relates to petrous apex cholesterol granuloma formation and 
the histopathologic and radiologic changes that occur with surgical drainage. 
 
Medical Knowledge 
Practice-Based Learning 
 
IRB Approval #: 11-014  

 



 
High Fidelity, Inexpensive Surgical Middle Ear Simulator 

 
Ashkan Monfared, MD; Gerald Mitteramskogler, MS; Simon Gruber, Ms 
Kenneth Salisbury, PhD; Juergen Stampfl, PhD; Nikolas H. Blevins, MD 

 
Objective: Development and validation of a high fidelity, inexpensive middle ear surgical 
simulator. 
Study design: Descriptive study 
Setting: Academic center 
Patients: None. 
Intervention: Evaluation of the fidelity of face validity of a novel surgical simulator for middle 
ear surgery (SMS). 
Main outcome measure: Fidelity and face validity of the simulator scores given by academic 
otologists using a questionnaire 
Results: SMS is created using additive manufacturing technology (AMT), which allows for 
submilimeter resolution rapid prototyping.  Using high resolution computer tomography (CT) of 
normal human ears, we created a physical three-dimensional middle ear model, including the 
tympanic cavity, ossicles, tendons, ligaments and nerves.  Two different resins are used for bone 
and soft tissue to simulate their tactile and material characteristics.  The middle ear model is 
placed within an outer construct to simulate the normal adult external auditory canal.  The 
current SMS has a fixed stapes to facilitate training in stapedotomy, but it could be made to 
replicate a variety of normal and pathologic conditions.  We will report experts’ opinion of the 
face validity and fidelity of the simulator along with our experience using this system with 
trainees of various levels. 
Conclusions: The SMS is a high fidelity, inexpensive, and reusable middle ear simulator that 
could be used for introductory training of novice surgeons and potentially serve as measurement 
tool to assess surgical capacity of otologic surgeons with any level of experience. 
 
Define Professional Practice Gap & Educational Need:  1- Lack of a surgical simulator of 
middle ear surgery that has high fidelity and is inexpensive, reusable, and readily available. 
Learning Objective:  1- Learn about the new Surgical Middle Ear simulator and how it could 
help with training and assessment of novice surgeons 
Desired Result: 1- Audience would learn about a novel method of training novice surgeons in 
the art of middle ear surgery 
 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: yes 
 



 
Direct Drive Micro Hearing Aid: Investigation of a Novel  

Completely-in-the-Canal Hearing Aid 
 

Hossein Mahboubi, MD MPH; Peyton Paulick, MS; Saman Kiumehr, MD 
Mark Merlo, PhD; Mark Bachman, PhD; Hamid R Djalilian, MD 

 
Objectives/Hypothesis: To describe a novel direct-drive micro hearing aid (DMHA)  
and to test in temporal bones and evaluate the effectiveness and optimal positioning to prepare 
the device for clinical testing. 
Background: Patient satisfaction with air conduction hearing aids has been low due to sound 
distortion, occlusion effect, and feedback. Implantable hearing aids provide a higher quality 
sound but require surgery for placement. The DMHA was developed to combine the ability of 
driving the ossicular chain with placement in the external auditory canal. 
Methods: DMHA is a 3.5 mm wide device that fits entirely into the bony ear canal and directly 
drives the tympanic membrane (TM) rather than use a speaker. A cadaveric temporal bone was 
prepared for laser doppler vibrometry (LDV) of the stapes. The device developed in our 
laboratory was placed on the external surface of the TM and against the malleus. Frequency 
sweeps between 300Hz to 12kHz were performed at 104 and 120 dB. The DMHA was driven 
with various levels of current.  
Results: The DMHA showed frequency response from 300Hz to 12kHz. Placement against the 
malleus showed higher amplitudes and lower power requirements than when the device was 
placed on the TM.   
Conclusions: DMHA is a small completely-in-the-canal hearing aid that mechanically drives the 
TM. This novel device has the frequency output which is wider than air conduction devices. The 
device’s ability to directly drive the TM enables it to potentially sound more naturally and 
similar to an implantable device. Clinical testing of the device is underway. 
 
Define Professional Practice Gap & Educational Need: Inconsistencies within approaches for 
selection of different hearing aids and their advantages and disadvantages. 
Learning Objective: To better learn the differences between air conduction and implantable 
hearing aids, and the possibility of combining advantages of both into one device. 
Desired Result: Develop a better understanding of the novel approach to design a completely-in-
the-canal hearing aid. 
 
Medical Knowledge 
 
IRB:  HS# 2011-8482 
Funded by a grant from the Center for Hearing Research at UC Irvine. 
 
 
 



Radiographic Findings, Surgical Techniques, and Outcomes of 
Cochlear Implantation in Patients with X-Linked Deafness 

 
Maura K. Cosetti, MD; David R. Friedmann, MD  

Selena E. Heman-Ackah, MD; MBA David Drimmer, BS  
Susan B. Waltzman, PhD;  J. Thomas Roland, Jr, MD 

 
Objectives: X-linked deafness is a potential etiology of sensorineural hearing loss characterized 
by bulbous dilatation of the fundus of the internal auditory canal (IAC) and the absence of the 
bony plates separating the basal turn of the cochlea and IAC. These malformations predispose 
patients with X-linked deafness to IAC insertion during CI. The objective of this presentation is 
to describe associated audiometric presentation, surgical techniques, and CI performance in  
patients with X-linked deafness.  
Study Design: Case series. 
Methods: A retrospective chart review was performed of all patients at a tertiary care facility 
who underwent CI between January 2006 and July 2011.  
Results:  A total of 4 patients were identified with characteristic radiographic findings of X-
linked deafness. Audiometric findings at presentation were described. A modified cochleostomy 
was utilized to ensure electrode insertion within the scala tympani avoiding the internal auditory 
canal. Fluoroscopy was utilized to visual electrode progression during insertion. Complete 
insertion was accomplished in all patients. Cochlear implant performance for each patient was 
detailed.  
Conclusions: Utilizing the techniques described, patients with X-linked deafness may 
successfully undergo CI with excellent potential for auditory rehabilitation. 
 
Define Professional Practice Gap & Educational Need:  1) Paucity of data regarding the 
audiologic and radiographic presentation of patients with X-linked deafness; 2) lack of 
awareness of surgical techniques to prevent internal auditory canal insertion of the cochlear 
implant electrode in patients with X-linked deafness; 3) minimal data on post-operative 
outcomes in this patient population 
Learning Objective: At the conclusion of this presentation, the participants should be able to (1) 
describe the potential audiological presentation of patients with X-linked deafness, (2) detail 
surgical techniques for cochlear implantation in patients with cochlear findings characteristic of 
X-linked deafness, and (3) describe expectations for performance outcome following cochlear 
implantation (CI) in patients with X-linked deafness. 
Desired Result: Attendees will have 1) increased knowledge of the audiologic and radiographic 
presentation, diagnosis and post-operative outcomes of patients with X-linked deafness and 2) be 
able to recognize and prevent unintentional IAC insertions during cochlear implantation. 
 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: 11281 
 
 
 
 
 
 



 
The Round Window: Is It the ‘Cochleostomy’ of Choice? Experience in 120 

Consecutive Cochlear Implant Patients 
 

David A. Gudis, MD; Douglas C. Bigelow, MD; Michael J. Ruckenstein, MD 
 
Objective:  To demonstrate that round window insertion (RWI) for cochlear implantation with 
current multichannel electrodes is a reliable, effective, and safe technique; to demonstrate that 
RWI patient performance is equivalent to cochleostomy implantation. 
Study design:  Retrospective cohort of two years of consecutive cochlear implants. 
Setting: Academic tertiary care referral center 
Patients:  120 patients (65 female:55 male, age 19-92 years) underwent 129 consecutive 
cochlear implant procedures (9 bilateral) over a two-year period.  Devices included 82 Cochlear, 
40 Med El, and 7 Advanced Bionics implants. 
Intervention(s):  Subsequent to a full audiometric assessment, patients underwent a 
mastoidectomy with facial recess approach whereby the primary surgical objective was to 
perform a RWI.  When the surgeon was unable to access the round window safely, a 
cochleostomy was performed anterior and inferior to the round window.  Post-operative 
performance was measured with HINT and/or AZ-Bio testing. 
Main outcome measure(s):  Surgical feasibility of safely performing a RWI; perioperative and 
post-operative complications; post-operative audiometric performance. 
Results:  In 109 out of 129 procedures (84.5%), a RWI was performed without any major post-
operative complications.  In 20 out of 129 procedures (15.5%), a separate cochleostomy was 
readily performed by the same approach.  Both patient groups demonstrate post-operative 
performance similar to each other and to other reported series. Reasons for RWI failure included 
facial nerve or jugular bulb location and cochlear ossification.  Acoustic hearing was preserved 
in 4 out of 4 RWI patients enrolled in a separate hearing-preservation trial. 
Conclusions:  RWI represents a reliable, effective, and safe technique for cochlear implantation. 
 
Define Professional Practice Gap & Educational Need: 1. Inconsistency among surgeons 
regarding optimal insertion technique for cochlear implants.  2. Lack of agreement regarding 
anatomical feasibility of round window insertion  
for cochlear implants.  3. Lack of contemporary knowledge regarding comparison of 
performance data for cochlear implant patients based on method of insertion. 
Learning Objective:  1. To understand the potential advantages and disadvantages of round 
window insertion for cochlear implantation.  2. To understand the post-operative performance of 
cochlear implant patients based on method of insertion.  3. To understand the anatomy of the 
facial recess approach and round window insertion.  4. To understand the surgical technique of 
round window insertion in detail. 
Desired Result: 1. Attendees may apply the knowledge of this presentation to reconsider or  
modify their current surgical approach to cochlear implantation.  2. Attendees may better 
understand the advantages of round window insertion versus cochleostomy for cochlear 
implants. 
 
Patient Care 
Medical Knowledge 
 
IRB or IACUC Approval: 802604   
 



 
Minimal Access Cochlear Implant Fixation: Tight Pocket with a Plate 

 
Clough Shelton, MD; Frank M. Warren, MD 

 
Objective: Minimal access approaches for cochlear implants have recently gained popularity, 
offering a smaller incision and minimal hair shave. Thinner internal receivers now available are 
adaptable for these approaches.  However, conventional boney fixation of the internal receiver is 
difficult through this limited exposure and some minimal access techniques rely on soft tissue 
fixation only. Inadequate fixation can result in device migration, extrusion and  
electrode migration. 
 
We compare wound complications and electrode migration for a group undergoing conventional 
exposure [10 cm incision, formation of a boney well and hold down sutures secured to bone] 
with a group undergoing minimal access with plate fixation [4 cm incision and device fixation 
using a titanium plate screwed to skull]. 
 
Study design: retrospective case review 
Setting: Tertiary referral center 
Patients: adults and children undergoing primary cochlear implant surgery using  
either technique 
Intervention(s):  therapeutic 
Main outcome measure(s): Wound complications including device exposure or extrusion, 
electrode migration, wound breakdown, abscess, or cellulitis.  
Results: There were 237 implants in the conventional group and 103 in the minimal access with 
plate group. The conventional group suffered a complication rate of 2.5% and the minimal access 
with plate group experienced a complication rate of 1%. 
Conclusions: Cochlear implant surgery using the minimal access with plate fixation results in a 
similar wound complication rate as the conventional approach.  
 
Define Professional Practice Gap & Educational Need: Inconsistencies within cochlear 
implant fixation 
Learning Objective: Learn new fixation techniques 
Desired Result: Be aware of new fixation options 
 
Patient Care 
 
IRB or IACUC Approval:  IRB_00045048 
 



 
Management of Electrode Exposure after Cochlear Implantation 

 
Evan Walgama, MD: J. Walter Kutz, MD 

Peter S. Roland, MD: Brandon Isaacson, MD 
 

Background: Exposure of a cochlear implant electrode array in the middle ear or external 
auditory canal is an uncommon complication.  The limited evidence in the literature suggests that 
revision surgery can be performed successfully.  We report a series of patients who elected to 
pursue conservative management as their implant was still functioning. 
Objective: To evaluate observation as a strategy in the management of electrode exposure after 
cochlear implantation. 
Study design: Retrospective case series 
Setting: Tertiary neurotology practice 
Patients: Patients with cochlear implant electrode exposure in the middle ear or external 
auditory canal who elected not to undergo revision surgery. 
Main outcome measure: Length of follow-up without deterioration of implant function and 
without serious complication. 
Results: Four patients between ages 4 and 85 elected not to undergo revision surgery for 
electrode exposure after cochlear implantation.  One patient presented with a poorly functioning 
implant, but after reprogramming the implant returned to its baseline performance.  Three other 
patients required no reprogramming and were managed medically without deterioration of 
implant function.  Follow up time was between 2 and 5 years.  There were no serious 
complications in any patient related to their cochlear implant.  
Conclusions: Careful observation of patients with an exposed electrode after cochlear 
implantation and a functioning implant appears to be a reasonable management option.  
 
Define Professional Practice Gap & Educational Need:  1. Lack of awareness of management 
options for complications of cochlear implantation 
Learning Objective: Understand strategies in the management of electrode exposure, a 
complication of cochlear implantation.  
Desired Result: Physicians will apply a spectrum of reported experience when counseling 
patients with electrode exposure after cochlear implantation regarding their treatment options.   
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
Interpersonal and Commun 
 
IRB or IACUC Approval: IRB approval was obtained prior to commencement of this  
study.   
 
 
 
 
 



Effects of Intracochlear Trauma on Long-Term Hearing  
Outcomes in Normal Hearing Gerbils 

 
John M. Pike, BS; Oliver F. Adunka, MD; Baishakhi Choudhury, MD 

Omar Awan, BS; Kristine Faulk, BS; Douglas C. Fitzpatrick, PhD 
 
Hypothesis: Reductions in auditory potentials due to cochlear trauma during a cochlear 
implantation will be predictive of long-term hearing outcomes. 
Background: Cochlear implants are increasingly being provided to patients with residual 
hearing but poor speech understanding. If the residual hearing is preserved, speech understanding 
can be improved, especially in background noise.  We have developed a gerbil model of cochlear 
implantation and determined that reductions in the cochlear microphonic (CM) can be used as a 
marker of intracochlear trauma. However, it is not known if the degree of trauma correlates with 
hearing outcomes. 
Methods: Insertions of a rigid electrode through the round window were performed in normal-
hearing gerbils. Acoustically evoked auditory potentials were recorded at the round window to 
tone bursts of varying frequency and intensity prior to insertion, after insertion, and after a 4 
week survival period. The animal was sacrificed and the cochlea was prepared as a whole mount 
to verify the degree of damage.  
Results: Most experimental animals (1.3 mm insertion) showed an initial reduction in the CM at 
high frequencies (4-16 kHz). After survival the reductions either remained the same or increased, 
including spread to low frequencies. These cases showed damage to the basilar membrane. 
Control cases (0.4 mm insertion) showed no loss of response.   
Conclusions: These results indicate that the recordings made at the time of surgery can partially 
predict the long-term outcome of damage induced by the initial implantation surgery. Ultimately, 
we plan to apply these results to provide real-time feedback during cochlear implantation. 
 
Define Professional Practice Gap & Educational Need 1: Lack of knowledge regarding 
physiologic effects of cochlear implant insertion.  2. Lack of a reliable technique to measure 
cochlear function during an implantation surgery. 
Learning Objective:  At the conclusion of this presentation, the participants should understand  
patterns observed in acoustically evoked early auditory potentials upon cochlear implantation in 
normal hearing gerbils and the predictive potential this has for long-term outcomes. 
Desired Result: Attendees will have a better knowledge of cochlear physiology and how it can 
be measured during the implantation procedure. Eventually, our lab hopes to implement the 
recording system in practice for cochlear implantation patients in order to assess acute damage 
and long-term outcomes. 
 
Medical Knowledge 
 
IACUC approved - protocol #: 11-150 
Supported by NIH grant T32-D005360 and the MED-EL corporation. 
 

 



 
Minimization of Cochlear Implant Artifact in Cortical Auditory  

Evoked Potentials in Children 
 

David Bakhos, MD; S. Roux; E. Lescanne, MD, PhD 
F. Bonnet-Brilhaut, MD, PhD; N. Bruneau, PhD 

 
Objectives: In congenitally deaf children fit with a cochlear implant, little is known about the 
maturation of the auditory cortex. Cortical auditory evoked potentials are a useful methodology 
to study the auditory performance of children with cochlear implants. Nevertheless, these 
recordings are contaminated with well-known physiological artifacts (blinking, muscle) but also 
by cochlear implant artifact. The cochlear implant induces an artifact in the temporal lobe area. 
When specific tones are presented, detection and analysis of electrical artifact are difficult or 
impossible to measure. The objective of this study was to evaluate the independent component 
analysis in order to minimize the artifact of the cochlear implant. 
Study design: prospective study 
Method: Five children, aged ranged from 18 months to 4 years, who were fitted with a cochlear 
implant for at least 6 months, were included in this study. The stimuli were pure tone (750 Hz, 
200 ms duration, 70 dB SPL) presented with irregular interstimulus interval (1000 and 2000 ms) 
via loud speakers. Cortical auditory evoked potentials were recorded from 17 Ag-AgCl (Fz, Cz, 
Pz, Oz, F8, C4, T8, P8, P10, P04, F7, C3, T7, P7, P9, PO3, MO) electrodes referenced to the 
nose. Peak latency and amplitude of each deflection culminating at fronto-central and temporal 
sites were analyzed. 
Main outcomes measures: P1-N1-P2 peak latencies and amplitude in cortical auditory evoked 
potential recorded from children fitted with cochlear implants. 
Results: The use of independent component analysis permit to minimize the cochlear implant 
artifact for the five children. P1-N1-P2 was recorded in fronto-central and temporal sites. Even if 
the artifact cochlear implant was smaller, it was still present in temporal site ipsilateral to the 
implanted side. 
Conclusion: Independent component analysis allows the study of cortical auditory evoked 
potential and permits longitudinal studies in cochlear implant users in order to study the 
maturation of the auditory cortex. 
 
Define Professional Practice Gap & Educational Need:  Lack of awareness. 
Learning Objective:  To minimize the artifact of the cochlear implant in cortical auditory 
potentials. 
Desired Result:  To identify PI-N1-P2-N2 complex in children with cochlear implant. 
 
Practice-Based Learning 
 
IRB Approval Number: 
 
 
 
 
 

 



 
Programming Strategy and Outcomes in Cochlear Implant Patients  

with Auditory Neuropathy Spectrum Disorder 
 

Stanley Pelosi, MD; Alejandro Rivas, MD; Robert F. Labadie, MD, PhD 
Marc L. Bennett, MD; David S. Haynes, MD; George B. Wanna, MD 

 
Objective:  Patients with auditory neuropathy spectrum disorder (ANSD) exhibit altered neural 
synchrony in response to auditory stimuli.  It has been hypothesized that a slower rate of 
electrical stimulation in programming strategies for cochlear implant (CI) users with ANSD may 
enhance development of neural synchrony and speech perception abilities. 
Study design:  Retrospective case series 
Setting:  Tertiary otologic practice 
Patients:  39 patients with ANSD were reviewed. 
Intervention:  20 patients with ANSD underwent CI.   
Main outcome measures: electrically-evoked compound action potentials (ECAP) at the time of 
implantation; post-CI neural stimulation rates over time; speech perception abilities over time 
using parent questionnaire, closed-set testing, and open-set measures. 
Results:  The average length of followup for all patients was 36 months (range 0-69). ANSD 
patients were more likely to have been premature or admitted to the neonatal intensive care unit 
(p<0.05).  Measurable ECAP responses were present in 11/13 patients with available data.  12/19 
post-CI patients with available data were able to achieve open-set speech perception scores 
greater than or equal to 60%. Neural stimulation rates ranged from 250 to 3700 Hz.  There were 
no significant differences in neural stimulation rate and auditory development as assessed by  
parent questionnaire (p<0.05). 
Conclusions:  A wide range of speech perception abilities is observed in patients with ANSD 
following CI.  Other patient variables may play a more significant role than CI programming 
strategy in the development of auditory skills for this population.   
 
Define Professional Practice Gap & Educational Need:  There exists an incomplete 
understanding of the neural mechanisms that contribute to auditory dysfunction in patients with 
auditory neuropathy spectrum disorder.  The means by which auditory neuropathy patients 
derive benefit from cochlear implantation has also been inadequately explained.   
Patients with auditory neuropathy spectrum disorder and cochlear implants exhibit a wide range 
of auditory development over time.  The mechanisms underlying speech perception outcomes in 
these patients are not well-understood.  One hypothesis is that a lower rate of auditory 
stimulation may enhance auditory synchrony and development of speech perception abilities.  
However, to this point no studies have demonstrated a relationship between neural stimulation  
rate in programming strategies and auditory development in cochlear implant users with auditory 
neuropathy. 
Learning Objective:  We aim to demonstrate the relationship between neural stimulation rate in 
programming strategies for cochlear implant users with auditory neuropathy and development of 
speech perception abilities. 
Desired Result: Our intended result is to determine whether a lower electrical stimulation rate 
will enhance auditory development in cochlear implant users with auditory neuropathy. 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: 101743, 090155  



 
Speech Perception Performance of Double Array Nucleus Multichannel Cochlear 
Implant Users with Standard and Duplicated Maps in Each of the Arrays. 
 

Ricardo F. Bento, MD, PhD; Maria Valeria S.G. Gomez, PhD 
Rubens V.B. Neto, MD, PhD; Robinson Koji Tsuji, MD, PhD 

Anna Carolina O. Fonseca, MD; Liliane S. Ikari, MD 
  
Objective. The present investigation evaluated the speech perception performance of 
adult patients with ossified cochleas implanted with the Nucleus 24M Double Array 
cochlear implant, using standard and duplicated maps in each of the arrays.  
Study design. Retrospective case review. 
Setting. Tertiary referral center  
Patients. Sixteen subjects received a Nucleus 24 Double array Cochlear implant. Nine of 
them filled the following inclusion criteria: post lingually deaf patients with bilateral 
severe to profound deafness; bilateral obliterated cochlea due to different etiologies 
shown by the CT scan; older than 14 years of age to be able to give reliable responses in 
all the behavioral tests with the three tested maps. 
Intervention. Rehabilitative 
Main outcome measures.  Speech perception performance with the two arrays was 
compared to the performance with the basal array duplicated and apical array duplicated 
maps. Three maps were fitted: the default map with both arrays activated, a double 
channel map using only the electrodes of the basal array, and a double channel map 
programmed only with electrodes of the apical array. Test battery was composed of 
vowels, closed set word and sentence recognition in quiet.  
Results. The performance was similar in the four-choice word test for all the map 
situations; nevertheless, in both vowel and in closed set sentence recognition the standard 
map with both electrode arrays activated showed the highest scores (p<0.05). 
Conclusions. The present results suggest that the performance with two split electrode 
arrays is superior to the performance with one array, regardless the duplication of 
channels. 
 
Define Professional Practice Gap & Educational Need: Lack of contemporary  
knowledge about Speech Perception Performance of Double Array Nucleus Multichannel 
Cochlear Implant in obliterated cochleas. 
Learning Objective: Evaluate the speech perception performance of adult patients with 
ossified cochleas implanted with the Nucleus 24M Double Array cochlear implant, using 
standard and duplicated maps in each of the arrays.  
Desired Result: When indicating a cochlear implant in ossified cochleas they will know 
that the performance with two split electrode arrays is superior to the performance with 
one array, regardless the duplication of channels.   
 
Patient Care, Medical Knowledge 
 
IRB or IACUC Approval: 633/04 



 
Automatic, Image-based Cochlear Implant Electrode-to-Spiral Ganglion Position 

Analysis:  Implications for Programming 
 

Jack H. Noble, PhD;  Benoit M. Dawant, PhD 
Rene H. Gifford, PhD; Robert F. Labadie, MD, PhD 

 
Hypothesis: We can develop an approach for determining the position of implanted cochlear implant (CI) 
electrodes relative to stimulation targets (the nerves of the Spiral Ganglion (SG)) for customized 
programming of CIs. 
Background: Electrode position-dependent CI programming schemes can potentially improve hearing 
outcomes by customizing frequency allocation tables. In this work, we present the first approach for such 
by accurately determining electrode position relative to SG. The approach is fully automatic and thus 
practical for clinical use. 
Methods: Intra-cochlear anatomy (scala tympani (ST) and vestibuli (SV)) and stimulation targets (the 
SG) are identified in pre-operative CT, and the electrode array is identified in post-operative CT using 
advanced image processing techniques. Pre and post-operative images are aligned using automatic image 
registration techniques. Tonotopy is computed using a previously presented equation that maps 
characteristic frequencies of the SG. For each implanted electrode, we automatically compute intra-
cochlear compartment (ST or SV), distance-to-SG, and the SG characteristic frequency at that closest 
point. 
Results: Using pre and post-operative CT, the proposed techniques are able to accurately identify the 
electrode and anatomical structures and are able to predict programming relevant characteristics 
associated with electrode position.  Graphical results of such will be shown. 
Conclusions: The software we have developed can be used to test and/or apply electrode position-
dependent CI programming schemes. For programming, the automatically computed information 
specifies the optimal set of active electrodes, frequency allocation table, and electrode signal levels. 
Future work will include studying hearing outcomes using customized, position-dependant frequency 
allocation tables. 
 
Define Professional Practice Gap & Educational Need:  While it is widely believed that electrode 
position-dependent CI programming schemes can potentially improve hearing outcomes by customizing 
frequency allocation tables, until now there has been no technology developed to accurately determine 
electrode position relative to stimulation targets (the spiral ganglion). In this presentation, we will 
introduce the first of such technology to bring awareness to the professional community that position 
dependent programming schemes are now feasible. 
The learning objectives include: (1) a basic knowledge of how the software works, (2) how well the 
software performs, (3) how it can be used for position-dependent CI programming, and (4) how position-
dependent programming schemes can lead to better hearing outcomes. 
The desired result is to increase awareness in the community that position-dependent programming 
schemes are possible and may improve hearing outcome so that researchers can take more steps in this 
direction. Eventually, if this approach does improve hearing outcomes, the goal would be for it to replace 
the typical 'one-size-fits-all' type approach for CIprogramming and become standard of care procedure. 
 
Medical Knowledge 
 
IRB Approval Number:  090155 
This work was supported by NIH grants R01EB006193 from the National Institute of Biomedical 
Imaging and Bioengineering, and F31DC009791 and R01DC008408 from the National Institute of 
Deafness and Other Communication Disorders. The content is solely the responsibility of the authors and 
does not necessarily represent the official views of these institutes.   
 



 
Implantation of the Vestibular System: Monkey and Man 

 
Justin S. Golub, MD; Leo Ling, PhD; Steven M. Bierer, PhD 

Kaibao Nie, PhD; James O. Phillips, PhD; Jay T. Rubinstein, MD, PhD 
 

Hypotheses: (1) All three semicircular canals may be implanted with a vestibular prosthesis (2) 
Auditory and vestibular function may be preserved (3) Stimulation will result in canal-
appropriate eye movements. 
Background: A variety of vestibular pathologies may potentially be treated with prosthetic 
stimulation of the semicircular canals. We implanted all three canals in a normal rhesus monkey 
and a single human with uncontrolled Meniere’s disease as part of an FDA feasibility study.  
 Methods: The UW/Nucleus Vestibular Implant was implanted adjacent to the three ampullae of 
a normal adolescent rhesus macaque and a human subject with uncontrolled Meniere’s disease. 
Auditory function was assessed with auditory brainstem response testing (monkey) or standard 
audiometry (human). Vestibular function was measured with rotary chair testing using a scleral 
coil (monkey) or videonystagmography (human) to measure the vestibulo-ocular reflex. 
Results: Implantation of all semicircular canals was technically feasible in monkey and human, 
though due to size constraints is markedly easier in human. Auditory and vestibular function 
were preserved in the monkey but not in the human subject. Stimulation resulted in canal-
appropriate eye movements in both monkey and human. Slow phase velocities were substantially 
higher and current thresholds were lower in monkey. 
Conclusions: It is technically feasible to functionally implant all semicircular canals while 
preserving auditory and vestibular function. The lack of preservation in the single human subject 
may be related to the small N, Meniere’s pathology, or other unknown factors. Comparing 
findings between monkey and man will facilitate translation of this important technology to the 
clinical realm. 
 
Define Professional Practice Gap & Educational Need: There is insufficient understanding of 
novel and experimental treatments for vestibular disorders, including prosthetic stimulation of 
the vestibular system. 
Learning Objective: (1) Understand the surgical technique for placement of the UW/Nucleus 
Vestibular Implant. (2) Understand basic physiologic measures used to assess functionality of the 
prosthetic device. (3) Understand the possibility of preserving auditory and vestibular function. 
(4) Understand different results obtained with monkey and human implantation. 
Desired Result: Attendees will be aware of prosthetic stimulation of the semicircular canals for 
treatment of vestibular disorders, including the advantages and potential hurdles. 
 
Patient Care 
Medical Knowledge 
Practice-Based Learning 
 
IRB or IACUC Approval: WIRB # University of Washington-UWVN001_1 
List outside funding: NIDCD, the Coulter Foundation, Cochlear, Ltd, and a gift  
from Sara Kranwinkle. 
 
 




