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Introduction: Spectral resolution limits performance with cochlear implants. Current shaping is used in 
attempts to improve spectral resolution. Current steering (e.g. virtual channels) is used to increase the 
number of channels beyond the number of electrodes.  Current focusing (e.g. partial tripolar stimulation) is 
used to reduce interaction, increase independence, and improve spectral resolution. We propose a 
modification of a traditional tripole called a virtual tripole (VTP). The VTP is designed to reduce spread of 
excitation as while allowing current steering. Tripolar stimulation consists of stimulation on one electrode 
combined with simultaneous out-of-phase stimulation on adjacent electrodes to reduce current spread. With 
a VTP, each of the three electrodes in a tripole is replaced with a virtual channel, theoretically allowing for 
both current focusing and current steering.  The new stimulation mode has the advantage over the previous 
current steering and current focusing stimulation modes (such as the Quadrupolar Virtual Channel or QPVC) 
in that the spread of excitation should be approximately symmetrical regardless of virtual location stimulated. 
Objective: The objective is to introduce and evaluate the VTP.  The VTP has the potential to provide 
increased places of stimulation (like a traditional virtual channel), reduced spread of excitation (like tripolar 
stimulation), and a symmetrical distribution (unlike a QPVC).  
 
Methods: Six Advanced Bionics users participated. Spread of excitation was measured for monopolar, 
partial tripolar (σ = 0.75) and VTP (σ = 0.75 and 1) maskers on electrode 9 using a forward masking 
technique. The probes were partial tripolar (σ = 0.75) pulse trains on electrodes 6-12. Spread of excitation 
was also measured for monopolar virtual channels and VTP (σ = 0.75 and 1 when possible) maskers on 
electrode 8.5. The probes were VTP (σ = 0.75) on electrodes 6.5 - 10.5.  
 
Results: VTP stimulation provides a reduction in spread of excitation compared to monopolar 
stimulation.  VTP (σ = 1) stimulation provides a narrower spread of excitation than partial VTP (σ = 0.75) 
stimulation. However, partial tripolar (σ = 0.75) stimulation using physical electrodes seems to produce a 
narrower spread of excitation than even a full VTP (σ = 1). Effect on spectral resolution was measured using 
a modified spectral ripple task, the SMRT task (Aronoff and Landsberger, 2013). Subjects tested showed 
better spectral resolution with a VTP compared to MP stimulation.  
 
Conclusions: VTP stimulation provides a narrower spread of excitation than monopolar stimulation. VTP 
stimulation provides better spectral resolution in a speech processing strategy using current steering than a 
traditional current steered virtual channel strategy.  Improvements with a current focused virtual channel 
strategy could be larger with pre-lingually implanted children whose auditory systems developed directly in 
response to electrical stimulation.  
COI: Med-El1  
 
 
 
 
 
 
 
 
 



 
 

ACI2014 
Electrophysiological Predictions of Map Parameters Using the 422 and Freedom Electrode Arrays 

M. Polonenko, BS,MClSc1,2 , B. C. Papsin1 , S. L. Cushing1,3 , S. Jewell1 , K. A. Gordon1,2,3 
 
 1Hospital For Sick Children, Otolaryngology, Toronto, Ontario Canada ;  2University of Toronto, Institute Of 
Medical Science, Toronto, Ontario Canada ;  3University of Toronto, Otolaryngology - Head And Neck 
Surgery, Toronto, Ontario Canada  
 
Topic: Audiology 
 
Keywords: Fitting, Objective Measures , Outcomes  
 
Introduction: Currently there are two electrode arrays available for cochlear implants (CIs): a pre-curved 
array, which resides in a per-modiolar position (peri-modiolar); and thin straight array, which resides more 
laterally in the scala tympani (anti-modiolar).   Objective: In the present study, we: 1) evaluated differences 
between the arrays in the same children and 2) determined whether electrophysiological measures predict 
map parameters in these devices.  
 
Methods: Twenty children who received bilateral CIs in the same surgery (simultaneously) at 3.5 ± 1.0 
(mean ± SE) years of age.  All received two different electrode arrays from the same manufacture: a peri-
modiolar array in one ear and an anti-modiolar array in the other ear. Physiological measures were the 
electrically evoked compound action potential of the auditory nerve (eCAP), electrically evoked auditory 
brainstem response (eABR), and electrically evoked stapedial reflex thresholds (eSRT). Behavioral 
thresholds (T-levels) were measured as well. Levels required to elicit each of these responses were 
compared between devices using repeated measures analyses of variance with device, time, and electrode 
as within-subject factors, using Bonferroni corrections for pairwise comparisons. The predictive ability of 
electrophysiological measures was analyzed using linear regressions.  
 
Results: The anti-modiolar electrode array required significantly higher levels than the peri-modiolar array to 
elicit both behavioral responses (T-level: p=.003), and electrophysiological responses (eCAP: p=.02; eSRT: 
p=.03; ABR: p=.02), particularly at the basal and mid-array electrodes.  Behavioral thresholds remained 
stable over the first 3 months of CI use (p=.6), while eCAP thresholds significantly decreased between OR 
measurement and after one week of CI use (p=.000), but stabilized thereafter (p=1.0). As expected, eCAPs 
predicted audibility, although to a greater extent for the peri-modiolar array in the mid-basal electrodes. 
eCAP predicted T-levels at apical electrodes but the relationship was weak for the anti-modiolar array. 
Levels to elicit ABR responses with maximum amplitude were predictive of eSRT thresholds for only the 
anti-modiolar array (straight: R=.5, p=.006; pre-curved: R=.3, p=.1).  
 
Conclusion: Electrophysiological measures predict audibility in both peri- and anti-modiolar arrays, indicate 
differences in required stimulation levels between devices, and are best used in a battery with behavioral 
measures to program CIs in children.  We suggest that upper levels be set above eCAP thresholds so long 
as the child is comfortable with these inputs at early stages of device use. Differences in stimulus levels may 
be required.    
COI: Cochlear Corporation1  
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Introduction: Both the Nucleus CI422 and the Freedom Contour are FDA approved devices.  The Freedom 
has a long track record of reliability and stability in addition to proven safety and efficacy.  Skarzynski et 
al.2012 described a thinner lateral wall intracochlear electrode array. This prototype was developed by the 
first author in collaboration with Cochlear Ltd., Sydney and became the Slim/Straight Nucleus CI422.  Like 
the Freedom Contour, the CI422 uses the proven CI24RE electronic receiver stimulator package. While a 
great deal of relevant data was obtained during the safety and efficacy trials of both electrode designs, any 
differences in programming and monitoring measures could potentially aid in identification of unanticipated 
issues with the newer design and help ensure better outcomes. The characteristics of an electrode array 
(i.e. stiff versus flexible, thin versus thick, straight versus contoured), contribute to soft surgical techniques of 
cochlear implantation for preserving residual hearing. The purpose of the study was to assess if electrode 
design affected programming parameters, measurements and outcomes.  
 
Methods: The study was a retrospective record review.  Descriptive statistics and T tests were used to 
describe the data and determine if differences exist for the studied variables between the two electrode 
designs. The Contour group consisted of all implantees who met inclusion and exclusion criteria and 
received the CI between 2012 and 2014.  The Slim electrode cohort included all individuals who received a 
422 electrode and meet inclusion and exclusion criteria.  Results were compared between groups on 
routinely obtained measures  including:  type of electrode array; site of insertion; age and gender; 
impedance levels, thresholds, maximum comfort levels, dynamic ranges and NRTs from the second 
programming and the third month of use; speech scores and pre and post-operative audiometric thresholds.  
 
Results: Preliminary analysis suggests that small but consistent differences exist in programming levels and 
impedances between the two electrode designs. Overall, Ts were higher in the 422 while Cs were lower, 
resulting in narrower dynamic ranges when compared to the Freedom.  NRTs were closer to C levels and 
impedances tended to be lower with the Freedom.  Changes in T and C levels, impedances and NRTs 
between the second programming and the third month will be presented and discussed as will implications 
for clinical management  
 
Conclusion: Electrode design changes intended to improve preservation of residual hearing may affect 
programming parameters    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

ACI2014 
Programming young children with the Med-El system without objective measurements 

A. Britz,BA. Hons 
 
 1Royal National Throat Nose And Ear Hospital, Cochlear Implant Team, London, United Kingdom  
 
Topic: Audiology 
 
Keywords: Fitting  
 
Introduction: Most cochlear implant systems have integrated eCAP capability to assist with programming of 
young children, or difficult cases where feedback is hard to obtain. However, virtually all of today’s 
stimulation strategies use monopolar electrode coupling, meaning a wide spread of current that smooth 
profiles across channels. Objective: This presentation describes our success in programming the Med-El 
system without reliance on objective measures.  
 
Methods: Following review of their surgical reports/ post operative CT s (if available) a group of 10 children 
were fitted with programs having equally set most comfortable (M) levels. The threshold (T) levels were set 
to 10% as per recommendation from Med-El. With the microphone active, all M-levels were increased until 
consistent responses to sound were obtained. Loud sounds were used to ensure there was no loudness 
discomfort. Over 8 weeks the profile was adjusted on the basis of detection and discrimination of acoustic 
patterns (Ling detection and aided testing).  
 
Results: Continuous assessment showed that these children progressed in line with or faster than children 
who had their programs based on objective measures. A comparison of levels showed that the study group’s 
M-levels did not differ significantly from levels in objective measures based programs.  
 
Conclusion: This work shows that while objective measures can be useful, they are not essential for 
programming even very young children. Careful observation by experienced paediatric audiologists can lead 
to perfectly satisfactory programs supporting typical development of speech and language and listening 
skills.    
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Introduction: Data logging was first introduced in the hearing aid industry in the late 1980’s and has been 
used in that technology for over 30 years1..  This feature was made available for the first time in the cochlear 
implant industry in the fall of 2013. The information collected from data logging has the potential to provide 
the cochlear implant clinician with insight into how the device is being used by the recipient and help guide in 
counseling parents and recipients to obtain the most out of their device experience.  
 
Methods: A data logging survey was sent electronically to all pediatric and adult programming audiologists 
in the US and Canada from one cochlear implant manufacturer’s data base.   Information was collected on 
three areas 1) Frequency of use of the data logging feature, 2) recipient/parent knowledge of the feature and 
3) clinical value of data logging. A retrospective electronic chart review was performed for the case 
study.  Results were then compared to those reported by the family during multiple programming sessions.  
 
Results: Information related to frequency, clinical use and value of the data logging feature will be 
reported.  Differences/similarities in the way the feature is being used by pediatric and adult programming 
audiologists will be evaluated.  In the case study example, parental report was found to significantly vary 
compared to data logging results. In one such example, parents reported their child to be a successful 
cochlear implant user wearing the device all day at school (6 hours) when in actuality the child only had the 
coil on for less than 1 hour/day. Parents were correct in reporting their child removes her coil from her head 
when frustrated and report they are trying to get her to stop yet data logging confirms removing the coil 
84x/day.  
 
Conclusion: Results from the data logging survey support the clinical use and value of data logging.  The 
case study demonstrates how data logging can be used as a quick and simple tool in parental counseling in 
a special needs case.      
COI: Cochlear Americas1  
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Introduction: Programming cochlear implants has been significantly streamlined over the years.  The 
demand for faster programming techniques have increased as reimbursement has decreased, therefore, 
causing changes to the scheduling of appointments maximize productivity.  The question is often asked if 
streamlined techniques have had any negative impact by causing deterioration in performance or perhaps 
not allowing recipients to reach their maximum potential. It has been suggested that setting of thresholds to 
minimum or 10% of MCL for the Med-El cochlear implant system does not cause detrimental effects to the 
speech perception performance in adults.  It is well known that programming techniques for adults and 
children are widely different.  The question is should streamlined techniques be carried over to the pediatric 
population?  The importance of soft sounds to children should be carefully considered for audibility, sound 
awareness, incidental learning and overall speech and language development. Objective: The purpose of 
this study is to evaluate the setting of thresholds in the Med-El device in the pediatric population and if 
streamlined techniques provide the best possible threshold setting and outcomes.  
 
Methods: Listening programs (MAPs) will be created using measured thresholds, 10% of MCL and 
0.  Audiometric and speech perception testing will be completed to assess the impact of setting thresholds 
for children.   
 
Results: Results of this study will provide information on how the setting of thresholds impacts children who 
use the Med-El cochlear implant system.  Individual analysis of the hearing thresholds and the speech 
perception data will be completed.  
 
Conclusion: Acoustic accessibility is vital to children for the development of listening skills and spoken 
language.  Access to soft sounds allows a child hear important information in the environment and in 
speech.  Programming of a child’s cochlear implant could have a long term effect on outcomes and 
development.  It is vital to understand the impact of programming techniques, not only for adults but for 
children.    
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Introduction:  Results of a multi-center clinical trial evaluating enhanced features in new cochlear 
processors in the United States and Australia will be presented.  Features include enhanced Automatic Gain 
Control (eAGC), wind noise reduction (WNR), signal-to-noise noise-based-cancellation (SNR-NC), and an 
environmental classifier (SCAN).  A cochlear processor filters and processes sounds in the environment and 
then converts those sounds into digital information that is transmitted to the internal implant.   Objective: The 
objective of this single-subject design was to evaluate speech performance in existing cochlear implant 
recipients while using enhanced features provided by a new sound processor and evaluate the comfort and 
ease of listening while using the new processors as compared to previous generation sound processors.  
 
Methods:  Speech perception testing including Speech Weighted Noise (SWN) (90° speaker position) and 
AzBio Sentence (0° speaker position) were evaluated.  These tests were measured in a variety of sound 
processor programs:  ADRO+ASC (all features disabled, standard microphone directionality), 
ADRO+ASC+SNR – NC (SNR-NC enabled, standard microphone directionality), ADRO+ASC+SNR-NC 
+SCAN (SNR-NC enabled, SCAN enabled, automatic microphone directionality), and ADRO+ASC+WNR 
(WNR enabled, standard microphone directionality).  Subjects participated in a subjective questionnaire 
ranking their satisfaction in the various conditions.            
 
 
Results: A comparative analysis of the eACG, SCAN, and SNR-NC data indicate a successful rejection of 
the null hypothesis and the new processors enhanced features are considered non-inferior in performance. 
The pediatric population (n=12) did not present statistically significant differences when compared against 
the adult population.  The comparative analysis of the WNR data indicates the new processor features are 
non-inferior to the previous generation processors.  The WNR population for pediatrics was limited; however 
results suggest similar performance outcomes as the adult population.  37 recipients participated in the 
subjective questionnaire.  The majority of respondents were satisfied with the sound of their own voice and 
ability to understand sentences in noise.  Some noted discomfort during the wind testing, although the 
testing environment was an aggressive representation of a real world scenario.             
 
Conclusion: The new processors features have demonstrated clinical utility across pediatric subject 
populations in a ‘worst case scenario’ of acute testing with no acclimatization.  Based on the positive results 
and lack of any significant level of risk introduced, it is reasonable to conclude that the enhanced features 
are safe and effective.     
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Introduction:  Congenital hearing loss is a common problem and timely identification and intervention is 
paramount for language development. Universal newborn hearing screening programs have been 
implemented in hospitals throughout the US and over 97% of infants are screened for hearing loss. 
However, follow-up diagnostic testing after screening tests has been suboptimal nationally with over 45% of 
children being lost to follow-up after failing the infant screening test. Patients from rural regions may have 
many barriers to timely diagnosis and intervention. This issue of poor adherence with follow-up is significant 
and many states have implemented centralized online reporting of audiological diagnostic testing to monitor 
infants and to assist in decreasing the rates of children lost to follow-up. Audiological testing reporting can 
be used to inform state agencies and clinicians of children in need of definitive diagnostic testing; however, 
little research has used this information to localize regions where a high number of children fail newborn 
hearing screening and where congenital hearing loss is most common.  Objective: The purpose of this study 
is to utilize a novel statistical method to identify regions and hospitals within Kentucky with the highest rates 
of failed infant hearing and permanent congenital hearing loss.  
 
Methods:  Data on live births and audiological reporting of infant hearing loss results in Kentucky from 2009 
to 2011 were analyzed. We used spatial scan statistics to identify high-rate clusters of failed newborn 
screening tests and permanent congenital hearing loss (PCHL), based on the total number of live births per 
county.  We conducted further analyses on PCHL and failed newborn hearing screening tests, based on 
birth hospital data and method of screening.  
 
Results: We observed four statistically significant (p<0.05) high-rate clusters with failed newborn hearing 
screenings in Kentucky, including two in the Appalachian region. Hospitals utilizing 2-stage otoacoustic 
emission testing demonstrated higher rates of failed screening (p=0.009) than those utilizing 2 stage 
automated auditory brainstem response testing.  A significant cluster of high-rate of PCHL was observed in 
western Kentucky.  Five of the 54 birthing hospitals were found to have higher relative risk of PCHL and 2 of 
those hospitals are located in a very rural region of Western Kentucky within the cluster.   
 
Conclusion: This spatial analysis in children in Kentucky has identified specific regions throughout the state 
with high rates of congenital hearing loss and failed newborn hearing screening tests. Further investigation 
regarding causative factors is warranted. This method of analysis can be useful in the setting of hearing 
health disparities to focus efforts on regions facing high incidence of congenital hearing loss.   
Med El1 , Advanced Bionics2  
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Introduction: Roughly 90% infants born profoundly deaf are born to hearing parents.  These parents are 
usually desolated to have their child born deaf and wish him to achieve  an oral 
communication  capability.  The only intervention device that offers such infants the possibility of achieving 
oral communication capabilities is the cochlear prosthesis.  One would expect that in first world countries 
some 90% of parents of infants born profoundly deaf would choose a cochlear implant for their child.  In a 
number of first world countries culturally similar to the United States the implant rate is nearly 90%.  This 
paper  reports a calculation of the percentage of cochlear-eligible born-deaf infants in the US that actually 
received cochlear implants before their third birthday in 2012,  
 
Methods: To make the above calculation the first thing one must know is the number of implants made in 
2012 infants before their third birthday, the time window during which a child learns speech and 
language.  The second thing one must know is the number of cochlear implant eligible infants there were in 
the US in 2012.  To be cochlear implant (CI) eligible the infant must be bilaterally seriously or profoundly 
deaf and not have a disqualifying condition. The major cochlear implant manufacturers have given us the 
number of cochlear implants made in children two years old or younger and we determined the number of 
CI-eligible infants from information supplied us by the Center for Disease Control. Assuming the general 
practice of not implanting infants before 12 months of age, none of the infants born in 2012 will receive 
implants in 2012, all those born in 2011 are candidates, and, (assuming an implant percentage of around 
30%, justified below) 70% of the infants born in 2010 will be candidates. 70% of 1480 is 1036, so we have 
1036 + 1338 = 2374 Ci eligible infants in 2012   The fraction of CI- eligible infants getting implants in the US 
in 2012 is 612/2374 = 0.26,   or 26%  
 
Conclusion: The percentage of CI-eligible infants actually getting implants in the US, 26%, is 
appalling.  The 3 main barriers to implants in infants, possibly dangerous operation, cost, and lack of 
appropriate schools, are as present in the countries with 90% implants as in the US.  The difference in the 
US is that the parents are not getting full and unbiased counseling on the options available to them.  
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Introduction:  Data collection remains critical to maintain scientific output while providing cutting edge 
patient care. Scientific data collection often interferes with clinical duties. Our goal was to design and 
establish a pediatric cochlear implant database that provides clinical documentation incentives for scientific 
data collection. Objectives: Describe ongoing efforts of utilizing a relational multi-user database to document 
patient progress in a pediatric cochlear implant database and analyze its utility in the cochlear implant 
evaluation process.  
 
Methods:  A multi-user, multi-station database was designed using a commercial relational database 
solution. Electronic data previously available were imported and verified. Various groups of professionals 
were educated on proper data entry methods. The database incorporates clinical information used in daily 
practice to ensure routine data entry and verification.  
 
Results: Data import proved labor intensive but feasible. New data entry was facilitated by the instrument’s 
usefulness in daily practice, which was readily accepted by the multi-professional team involved in pediatric 
cochlear implantation. Overall, more than 2,800 files were available containing audiological and surgical 
data as well as information on the patient’s speech development.  
 
 
Conclusion: The discussed database has emerged into a productive tool in our setting. It was useful for 
both clinical routine, the cochlear implant evaluation process, as well as for scientific data collection and 
analysis.    
MED-EL1 , Advanced Bionics Corporation2 , Cochlear Corporation3 Cochlear Corporation4  
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Introduction: Although children with mild to severe hearing loss compose the majority of the total population 
of children with hearing loss, most research has focused primarily on children with severe-profound hearing 
losses.  The small number of studies that have been published regarding children who are hard of hearing 
suggest that they are at risk for poorer language and academic outcomes compared to their same-age 
hearing peers. However, most studies related to children in the hard of hearing range were conducted prior 
to the implementation of universal newborn hearing screening and technological advances in amplification. 
While previous studies provide important insights into the developmental consequences of late identification 
of hearing loss, there is a critical need to examine the outcomes of a new generation of early-identified 
children with access to current amplification systems. It seems reasonable to expect that early identification 
of hearing loss, improved amplification technologies, and access to early services have the potential to 
improve the performance of this group of children.  The Outcomes of Children with Hearing Loss (OCHL) 
study is a five-year, multicenter study conducted by investigators representing three primary sites and 
multiple disciplines. The overall goal of the OCHL study is to examine the factors that contribute to 
longitudinal outcomes of children with mild to severe hearing loss compared to children with normal hearing. 
This talk will describe the OCHL cohort, discuss possible predictor variables, and describe individual 
differences in outcomes. We will address how many children eventually received cochlear implants during 
the course of the study, and describe this subset of children in detail.  We will also compare the outcomes of 
the children with moderate-severe hearing loss who used hearing aids to outcomes of an age-matched 
group of children with cochlear implants.   
 
Methods: Data were collected on 316 children with bilateral mild-severe hearing loss, ranging in age from 6 
months to 7 years at time of enrollment in the study.  In addtion, 120 children with normal hearing served as 
a comparison group, matched by age and socioeconomic status. Children were tested on a battery of 
speech production, speech perception, and language measures. Information about audiologic and 
educational service provision were also collected.  
 
Results:  There were large individual differences in performance for children with hearing loss. The normal-
hearing comparison group demonstrated significantly higher scores on syntax and vocabulary measures 
compared to children in the hard of hearing group.  Eleven children in the hard of hearing group eventually 
went on to receive cochlear implants during the course of the study.   
 
Conclusion: Inconsistent access to the speech spectrum appears to influence outcomes for children who 
are hard of hearing, and may have implications for cochlear implant candidacy.    
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Introduction: Quality of life refers to the ability of an individual to enjoy normal life activities, including 
aspects of functional capacity and well-being. Only recently have the effects of implantation from the 
perspective of  emotional and social development begun to be investigated.  The objective is to examine the 
results of health-related quality of life in cochlear implanted children between 11 and 12 years of age and 
their parents.  
 
Methods: 24 unilateral or sequential bilateral children implanted prelingually between 11 and 12 years of 
age and their parents. The pediatric quality of life questionnaire PedsQL ™(Version 4.0 , Spanish for Spain) 
was used to measure health-related quality of life.  
 
Results: The questionnaire was given to 24 children and 24 parents. The results were analyzed by means 
of a T -Student test. The outcomes of children and parents at different scales evaluated show that 
statistically significant results appear on scales of emotional and academic functioning ( p < 0.05 ). When 
comparing the overall result of the questionnaire with the different scales evaluated, all show statistically 
significant results (p < 0.05 ).  
 
Conclusion: The results of the study show that children enjoy the benefits of using a cochlear implant. They 
report benefits in all areas studied (physical , emotional , social and academic). Parents are reliable 
reporters about the state of the overall quality of life of their children since their answers were similar to 
those given by their children.    
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Introduction: We have examined the long term communication outcomes for over 750 children who 
received cochlear implants from 1985 to 2014. As prospective randomised controlled trials are not always 
ethical nor feasible in the paediatric field, clinical research databases are a satisfactory alternative when 
data integrity and accuracy are maintained.  
 
Methods: This database study examined the impact of variables such as child demographic characteristics 
(e.g. aetiology, other co-morbidities, IQ, communication mode), hearing (e.g. onset, course, severity of 
hearing loss, age at hearing aid/cochlear implant), and family characteristics (e.g. maternal education, 
socioeconomic status, linguistic opportunities in the home) on test outcomes (e.g. speech perception, 
speech production and language) for all children who received cochlear implants in the state of Victoria, 
Australia (population 5.5 million).  
 
Results: Post-newborn screening implementation, the age at implant(s) has reduced significantly; more 
children received implants between one and two years of age than any other age group. Non-use/limited use 
of CIs has reduced and was significantly associated with past (obsolete) speech processors. Bilateral CI use 
has increased; 50% of children implanted the last five years have two implants. Speech production and 
language outcomes can be equivalent to milestones achieved by hearing children when CIs are provided 
under 12 months of age. Children with mothers with more education and from families with greater 
socioeconomic advantage tended to demonstrate better language outcomes.  
 
Conclusion: Further work is required to support and provide appropriate early intervention for families who 
are financially disadvantaged or have had less educational opportunity. As hearing impairment has the 
potential to impact the child and family across the lifespan, individualized and family centered interventions 
are an important next step in cochlear implant implementation.    
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Introduction: Studies by Schatzer et al. (2014), Carlyon et al. (2010), Dorman et al. (2007) and Boëx et al. 
(2006) have determined frequency-place maps for the electrically stimulated cochlea from unilateral CI 
subjects with contralateral hearing. Reiss et al. (2007, 2013) showed electrical place pitch shifts in Nucleus 
Hybrid users with short electrode arrays, sometimes by as much as three octaves, over the first year or two 
of implant use. Objective: The goal of this study was to look at the effect of experience on electric pitch 
sensations in patients with longer electrode arrays.   
 
Methods: Five subjects with near-to-normal hearing in the contralateral ear were provided with a MED-EL 
cochlear implant in the deaf ear in order to reduce intractable tinnitus.  After loudness balancing, electric 
pitch percepts from unmodulated trains of biphasic pulses (1500 pulses per second, 50 µs/phase) were 
pitch-matched to contralateral acoustic pure tones. To look at the influence of experience, pitch matches 
were collected pre-activation and after 1, 3, 6, and 12 months of CI experience. Matched acoustic 
frequencies were evaluated as a function of electrode insertion angles. Electrode placement and insertion 
angles were determined from high-resolution post-operative radiographs of the subjects’ temporal bones (Xu 
et al., 2000).  
 
Results: At pre-activation, the mean downward deviation of the place-pitch matches from the Greenwood 
estimate is 16.85 semitones (SE: 5.71), which was found to be significant. This significant difference was 
gone after 1 month of CI experience. The smallest pitch shifts generally occurred for electrode positions in 
the second turn. No systematic changes were observed over time.  
 
Conclusion: The results of this study do not show an influence of experience on electric pitch sensation. 
This is not in agreement with the results found by Reiss et al (2007, 2013). This is likely due to the fact that 
patients included in this study were all implanted with a standard electrode where the most apical electrode 
has a distance of 30.4 mm from the marker ring, compared to the 10.5 mm for the hybrid electrode 
implanted in the majority of patients in the studies by Reiss et al. (2007, 2013). Because of this deeper 
insertion there is less of a mismatch between the predicted pitch sensation (based on Greenwood’s map) 
and the filter bands assigned to the electrodes during programming. Hence, a long-term cortical remapping 
of place pitch is not necessary in long-electrode patients.   While patients are able to adapt to a change in 
place pitch, the process takes time.  In a pediatric population, where early exposure to auditory input is 
critical, a longer electrode array which provides a better place pitch match may allow a child quicker and 
easier access to the external auditory world.  
COI: Med-El1  
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Introduction: Recent studies on hybrid cochlear implant devices (such as the Hybrid L24) demonstrate that 
there is a synergistic effect by aiding the functional residual hearing post-implantation and coupling it with 
the electric hearing provided by the cochlear implant.  Many researchers have published outcome data 
demonstrating the preservation of functional hearing post-implantation utilizing traditional cochlear 
implants.  When hearing is preserved utilizing traditional implants, it is logical to assume that traditional 
implant recipients would also benefit from coupling their functional residual hearing with the electric hearing 
provided by the implant. Objective: Examine the benefit of adding acoustic hearing to electric hearing for 12 
traditional recipients with residual hearing post-implantation and activation.  
 
Methods: This study examines the data from twelve subjects, who received traditional cochlear implants, 
but were fit with a hearing aid or acoustic component in the ipsilaterally implanted ear.  The subjects had 
auditory thresholds of at least 70 dB or better at 250 Hz. . CNC words in quiet and AzBio sentences in noise 
were administered. Impressions were taken and 5 subjects (N5 recipients) were subsequently fit with a 
canal hearing aid and 7 subjects (N6 recipients) had an acoustic component added to their 
processor.  Verification measures were taken at the time of the hearing aid and acoustic component fitting to 
ensure appropriate amplification for the low frequencies.  No other programming changes other than the 
addition of a canal hearing aid or acoustic component were made.  After 4 weeks of experience with the 
hearing aid or acoustic component, speech perception testing was repeated.   
 
Conclusion:  In the limited sample tested, the addition of the acoustic component and canal hearing aid 
provided significant speech perception improvements in both quiet and noise for some subjects whereas 
others preferred the N6 or N5 sound processor alone. Additional areas of research include further exploring 
what demographic characteristics may affect adaptation to the acoustic component or hearing aid, whether 
changes to fitting parameters of the acoustic component and hearing aid could improve performance as 
default settings were utilized; and whether time and consistent use affect performance over time.    
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Introduction: Vibroplasty has offered various new modalities of hearing rehabilitation in patients with mixed, 
conductive and sensorineural hearing loss.  The positioning or attachment of the floating mass 
transducer  (FMT) in Vibroplasty surgery has a critical effect on coupling efficiency and hearing outputs. 
Objective: To compare the commonly used vibroplasty modalities and their impact on coupling efficiency 
and hearing outputs.  
 
Methods: This is an ongoing prospective study of 16 patients undergoing either round window, incus or 
stapes vibroplasty. Conventional hearing aid rehabilitation was not possible for these patients. All patients 
had a standard audiological test battery including routine audiometric testing, soundfield testing in aided and 
unaided conditions. Direct drive transfer function analysis was performed to assess coupling efficiency. 
Quality of life measure questionnaires were used to assess quality of life. 9 patients had round window 
vibroplasty, 6 had stapes and 1 had incus vibroplasty. Patients had chronic suppurative otitis media, failed 
otosclerosis surgery, external audiotory canal atresia or eczema.  
 
Results: Patients with a soft tissue coupler between the FMT and the RW had significantly reduced coupling 
efficiency.  Patients who had direct RW contact had significantly improved coupling efficiency and stability 
across frequencies. Patients who had a stapes vibroplasty had the greatest coupling efficiency  
 
Conclusion: Our data suggest that whenever possible stapes vibroplasty should be performed. This 
provides better coupling efficiency and also minimizes the risk of migration of the FMT. In the absence of the 
ossicular chain, direct placement of the FMT onto the RW membrane should be attempted as this provides 
better and consistent coupling performance across frequencies when compared to the use of a soft tissue 
coupler.    
COI: Med EL Company Innsbruck Austria1  
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Introduction:  The objective of cochlear implant fitting is to optimize the parameters of electric stimulation to 
achieve the best possible speech perception. When stimulation levels are set too low, hearing sensations 
are limited what pushes fitting specialists to increase delivered stimuli. But when stimulation levels are set 
too high, sound quality can be distorted lowering hearing benefits. The aim of the study was to assess via 
objective methods (stapedius muscle reflex threshold) and questionnaires if children undergoing routine 
fitting could be affected by overstimulation.  
 
Methods:  The study group consisted of 27 children implanted with Cochlear (14 patients) and Med-El (13 
patients) devices. All patients were tested after nine months after first fitting during scheduled follow-up visit. 
All of them had acoustically elicited stapedius muscle reflex threshold measurement performed. 
Questionnaires on possibility of overstimulation were distributed among children’s parents to assess 
subjective program loudness in everyday use and then collected during mentioned visit.  
 
Results: Results from parents surveys indicate that there is no significant correlation between threshold of 
acoustically evoked stapedius muscle reflex (in dB HL) and questionnaire responses showed how often was 
too loud for the child in different situations, but almost 70% of children with “very often very loud” answers in 
questionnaire showed acoustically evoked stapedius muscle reflex threshold equal or lower than 70dB HL.  
 
Conclusion: By adding new objective and subjective tests to the standard test battery it is possible to 
identify children suspected of overstimulation. Additionally it seems that parents sometimes are too 
conservative while describing children hearing sensations and obviously it should not be recommended to 
rely only on their opinions in program loudness assessing. The work was supported by Polish National 
Science Centre, decision no. DEC-2013/09/B/ST7/04213   
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Introduction: For horizontal sound localization, normal hearing people rely on Interaural Time Differences 
(ITD) and Interaural Level Differences (ILD). However, cochlear implant users need to rely mostly on ILDs, 
because of the fact that with traditional Continuous Interleaved Sampling (CIS) coding strategies, the fine 
structure temporal information of the signal is lost. The MED-El FS4 strategy presents new low frequency 
temporal cues, which may lead to an improvement in ITD perception for bilateral CI users. This study aims 
to assess the effectiveness of the FS4 and HDCIS coding strategies for ITD coding, and to make a 
comparison between the two. For periodic pulse-trains, sustained ITD sensitivity sharply decreases as the 
stimulation-rate is increased. This poor ITD sensitivity has been reported to improve by adding bilaterally 
synchronized temporal jitter to the periodic carrier. For rates above 300pps, adding jitter reportedly 
increases the ongoing firing-rate of about half of the neurons in the single inferior colliculus. Signal 
processing in FS4 produces variations in inter-pulse intervals in the time domain, largely synchronized 
bilaterally. 
 
Methods: 10 experienced bilateral MED-El Cochlear Implant users will be included in the study, all having at 
least 6 months’ experience with either the HDCIS or FS4 coding strategies. With signals generated using 
Matlab based software, different conditions are being tested, measuring the minimum perceived ITD for 
each case. Firstly, direct electrical input signals are tested, using different pulse-rates and different 
variations to the periodic signal, such as having a train of double pulses instead of the original single-pulse 
train. For the second part, direct acoustic input to the processors is tested for both HCIS and FS4 strategies, 
using different fitting configurations. The input signal is pink noise. 
 
Results: For every tested condition, the minimum perceivable ITD is measured. For the direct electrical 
input part, an assessment and comparison of ITD sensitivity for the different conditions is carried out. For the 
second part, the ITD sensitivity offered by both FS4 and HDCIS is assessed and compared.  
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Introduction: In a normal hearing listener, frequency information is coded tonotopically. Lower frequencies 
are presented apically while higher frequencies are presented basally. Each frequency has a unique location 
in the cochlea. Additionally, each location in the cochlea is vibrated at the corresponding frequency. Pitch 
could be coded by the location stimulated (place), the vibration frequency (rate), or a combination of the 
two.  With normal hearing listeners, it is difficult to independently manipulate rate and place information to 
determine the relative importance of each variable in coding pitch. With cochlear implants (CIs), rate and 
place cues are easily independently manipulated. Any electrode can be stimulated at any rate. On one 
electrode, increasing the rate of stimulation produces a higher pitch. Similarly, switching from one electrode 
to another changes the pitch. Conflicting changes in rate and place make pitch ranking more difficult. It is 
clear that both rate and place contribute to a pitch percept. Using Multi-Dimensional Scaling (MDS), it has 
previously been shown that changes in rate and place represent independent perceptual dimensions. 
Therefore, although both rate and place represent perceptual dimensions labeled as pitch, they do not 
represent the same pitch quality.  With CIs, it is difficult to determine which of these two types of pitches 
(rate or place) are more like pitch as experienced by normal listeners. Objective: To determine the relative 
importance of rate and place coding in pitch perception with a CI.  
 
Methods: A new patient population with normal hearing in one ear and a long (31 mm) CI array in the 
contralateral ear allow a comparison of perceptual changes from rate and place with electrical stimulation 
with the perceptual change from a change in acoustic frequency.  Using MDS, we compared the perceptual 
relationships between a change in rate, place, and acoustic frequency.  Acoustic stimuli were 75, 150, and 
300 Hz pure tones.  Electric stimuli consisted of three adjacent electrodes with amplitude modulations at 
either 75, 150, or 300 Hz.  The experiment was repeated in the apex and the middle of the array.   
 
Results: Results consistently indicate that in the middle of the array, a change in acoustic frequency is 
perceived as a change in place of stimulation. Results in the apex are less consistent, but suggest that most 
subjects perceive a change in acoustic frequency as a change in rate.  
 
Conclusion: The data suggests that while place and rate pitch are different, the dimension that represents a 
change in acoustic frequency differs across the array.  It also suggests that to provide a natural pitch 
sensation with a CI, it is important to provide temporal pitch in the apex, but not across the entire cochlea. If 
proper musical pitch is to be provided to a prelingually implanted child, perhaps low frequencies need to be 
coded temporally in the apex and spectrally in the middle and basal regions.  
COI: Med-El1  
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Introduction: The speech processors models OPUS2 and RONDO from the same manufacturer (MEDEL) 
are identical in terms of signal processing and their compatibility with different types of cochlear implants 
(CI). However, they differ in their housings and, as a consequence, in the position of the microphone relative 
to the ear of the user: the microphone is located above the pinna in the OPUS2, and roughly above the 
magnet of the implant in the RONDO. Depending of the position of sound sources, this can lead to 
differences in speech understanding in noise in children and in adults. Objective: To evaluate speech 
understanding in noise between the two sound processors OPUS2 and RONDO for different directions of 
incidence of noise.  
 
Methods: Speech understanding in noise was measured in 12 cochlear implant users. Speech from the 
German Oldenburger Sentence Test was presented through a loudspeaker at a distance of 1 m in front of 
the listener. Speech babble noise from the same test was presented either from the front, from the side 
ipsilateral to the CI, contralateral to the CI or from the rear. All tests were performed with the OPUS2 and 
with the RONDO speech processor separately. The patients’ own, preferred maps, volume, and sensitivity 
settings were used for all tests with both speech processors. The relative positions of the microphones 
between the two processors were measured for each volunteer. The study was approved by the local ethical 
committee.  
 
Results: The absolute signal-to-noise ratios (SNR) for 50% speech understanding with either sound 
processor were found to be between -2.1 and +2.7 dB. For speech from the front and noise from the front or 
from either side, the average differences in speech understanding between two speech processors were 
small (0.1 to 0.8 dB) and statistically not significant (p=0.08…0.90). For speech from the rear, however, the 
average SNR needed to be significantly higher (+4.4 dB, p=0.0005) for the RONDO sound processor when 
compared to the OPUS2. A significant correlation between the position of the RONDO sound processor and 
the increase in SNR was found (r=0.65, p=0.022).  
 
Conclusion: Our results for noise from the front and from either side confirm that both types of speech 
processors are electronically identical. The results for the tests with noise from the rear shows that 
microphone position behind the ear can lead to poorer speech understanding in noise from the rear. This 
disadvantage increases with the angle between the ear and the position of the microphone position. Due to 
their smaller head sizes, this effect is expected to be greater in children than in adults. Sound processors 
with directional multi-microphone systems, such as the Medel Sonnet sound processor announced recently 
are expected to be beneficial for children and adults in these situations.    
COI: Medel Inc., Austria1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

	  


