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1. Gilles A, Song JJ, Hofkens-Van den Brandt A, et al. (2020) Neural Substrates of Tinnitus 

in an Auditory Brainstem Implant Patient: A Preliminary Molecular Imaging Study Using 
H215O-PET Including a 5-year Follow-up of Auditory Performance and Tinnitus 
Perception. Otol Neurotol. 41(1):e15-e20. 
 
Abstract 
 
Introduction: It was previously demonstrated that tinnitus due to profound unilateral hearing 
loss can be treated by the use of electrical stimulation via a cochlear implant (CI) with long-
lasting positive effects. In cases where patients are not suitable for cochlear implantation due 
to aplasia/hypoplasia, cochlear malformations etc., an auditory brainstem implant (ABI) may be 
a solution. While auditory performance with ABI is well investigated, it is currently unknown 
whether stimulation through ABI also renders tinnitus reduction in patients with incapacitating 
tinnitus. The current case study reports on the subjective tinnitus perception during a 5-year 
follow-up period. In addition, a first H2O PET imaging study in an ABI patient is carried out 
revealing underlying neural substrates of tinnitus. 
Methods: A 56-year-old male single-sided deaf patient with incapacitating tinnitus received an 
ABI after insufficient auditory performances and only minor tinnitus reduction with CI. 
Audiological follow-up was carried out during a 5-year follow-up period comprising pure-tone 
audiometry, speech-in-quiet testing, speech-in-noise testing, tinnitus questionnaires (tinnitus 
questionnaire and numeric rating scale) and the HISQUI19 questionnaire. To investigate the 
neural substrates of tinnitus in this subject, H2O PET tomography scans were acquired in three 
different conditions: 1) ABI switched off which was considered as the resting-state 
measurement rendering the loudest possible tinnitus for the patient (ABI OFF); 2) ABI switched 
on causing a small suppression of tinnitus due to electrical stimulation (ABI ON); 3) ABI 
switched on and 70 dB SPL white noise presented directly to the external audio processor 
through a direct audio cable providing the maximum tinnitus suppression for the patient 
(NOISE). 
Results: Subjectively the patient reported a significant tinnitus reduction after implantation 
which remained stable over time with a decrease in tinnitus questionnaire from grade 4 to 
grade 2 and a 50% reduction in the numeric rating scale (from 8 to 4) during the 5-year period. 
Comparing the ABI OFF and ABI ON conditions, significant increase in regional cerebral blood 
flow (rCBF) was observed in brain areas involved in the salience network showing already 
suppression of tinnitus only by electrical stimulation in the absence of auditory stimuli. The 
NOISE condition showed relatively decreased rCBF in the insula (as well as in the orbitofrontal 
cortex) as compared with the ABI OFF condition. Abnormally activated areas comprising the 
salience network may have been significantly suppressed by the NOISE condition both by 
acoustic and electrical stimulations of the auditory pathway. Moreover, the NOISE condition 
showed significantly decreased rCBF in the parahippocampus as compared with the ABI OFF 
condition. This finding supports the idea of distinct tinnitus generators depending on the 
amount of hearing loss. 
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Conclusion: The reduction of tinnitus in the current ABI subject may be attributable to partial 
peripheral reafferentation-induced deactivation of the parahippocampus-based tinnitus 
generator as well as the salience network. Further validation is required by the use of a follow-
up study with a larger number of subjects. 
 

2. Rajeswaran R, Kameswaran M. (2020) Auditory Brainstem Implantation (ABI) in Children 
Without Neurofibromatosis Type II (NF2): Communication Performance and Safety After 
24 Months of Use. Cochlear Implants Int. 21(3):127-135. 
 
Abstract 
 
Objectives: To assess the safety and communication performance of auditory brainstem 
implant (ABI) provision in children who were contraindicated for cochlear implantation and do 
not have neurofibromatosis type II (NF2). 
Methods: Communication performance was assessed via a battery of tests up to 24 months 
after first fitting. Safety was assessed intra-operatively and via post-operative adverse event 
reports. 
Results: Ten children participated in the study. The mean communication skills on all 8 tests 
for which inferential statistics were possible increased significantly from pre-operatively to 12 
months and either again increased significantly or remained stable from 12 to 24 months. 
Communication development was variable: some children achieved high scores while others 
did not. Two serious adverse events that were device or procedure-related were reported and 
successfully resolved. 
Discussion: ABI provision in this population group was safe. Participants' auditory abilities were 
significantly better after 24 months of ABI use than at pre-implantation. Development was 
slower than that of children with a cochlear implant but may continue progressing after 24 
months of use. 
Conclusion: ABI provision and use is safe and allows significant auditory development in 
children without NF2 who are contradicted for cochlear implantation. 
 
Keywords: Auditory brainstem implant; Cochlear aplasia; Cochlear hypoplasia; Pediatric 
auditory development. 
 

3. Billinger-Finke M, Bräcker T, Weber A, et al. (2020) Development and validation of the 
audio processor satisfaction questionnaire (APSQ) for hearing implant users. Int J 
Audiol. 59(5):392-397. 
 
Abstract 
 
Objective: The satisfaction experienced with using an audio processor is very important to 
hearing implant system users. Currently there are no measures that can be used to assess 
user satisfaction with an audio processor. This study aims to develop and validate a specific 
and standardised questionnaire that focuses on user satisfaction with their audio processor. 
Design: A preliminary version of the questionnaire was initially developed by experts in the 
field. Following validation of these results, the final version of the Audio Processor Satisfaction 
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Questionnaire (APSQ) was developed consisting of 15 items. Item analyses and questionnaire 
validation measurements were assessed. 
Study sample: Sixty-nine subjects were recruited and asked to complete the APSQ twice within 
2-4 weeks. 
Results: Subjects reported a high user satisfaction with the questionnaire and with their audio 
processor. The questionnaire had good reliability and results for test-retest reliability were high 
and significant across all items and across subscale analyses. 
Conclusion: Item analyses and reliability analyses show that the questionnaire is a valid and 
reliable tool to assess user satisfaction across different audio processors and hearing implant 
systems. The APSQ is a quick and easy tool to measure user satisfaction with their audio 
processor. 
 
Keywords: Hearing implant; audio processor; cochlear implant; satisfaction. 
 

4. Brkic FF, Umihanic S, Harcinovic A, et al. (2020) High Electrode Impedance Values in 
Pediatric Cochlear Implant Recipients May Imply Insufficient Auditory and Language 
Skills Development. J Clin Med. 9(2):506. 
 
Abstract 
 
Background: Measurements of electrode impedance values are routinely performed after 
cochlear implantation. The primary objective of the study was to determine if pediatric, 
prelingually deafened patients with different postoperative performances showed significantly 
different impedance values one year after implantation. 
Methods: This study comprised 42 pediatric cochlear implant recipients provided with the 
device in a single academic tertiary referral center between 1 January 2000, and 31 December 
2016. Medical chart analysis was performed in order to assess evolution of impedance values 
during the first postoperative year on a monthly basis. Electrode impedance values 
measurements one year postoperatively were compared between children with successful and 
unsuccessful auditory and language skills development assessed using the EARS protocol (a 
name of a performance test). Furthermore, values were compared among recipients of 
different implant types and among different cochlear segments. 
Results: A gradual rise of average impedance values was found during the first months of 
implant use (1st month, 7.32 kΩ; 3rd month, 7.86 kΩ) with the peak at the 4th postoperative 
month (7.96 kΩ), followed by a gradual decrease towards the 12th month (6th month, 7.62 kΩ; 
12th month, 6.86 kΩ). Lower values at the 12th postoperative month were observed in 
recipients with successful development compared to patients presented with unsuccessful 
development (6.22 kΩ vs. 7.82 kΩ; p = 0.001). Mean impedance values were different when 
compared among cochlear segments and among different implant types. 
Conclusion: High electrode impedance values one year after implantation in pediatric patients 
may imply insufficient auditory and language skills development. Further studies are needed in 
order to validate our results. 
 
Keywords: auditory and language skills development; electrode impedance values; pediatric 
cochlear implant. 
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5. Canfarotta MW, Dillon MT, Buss E, et al. (2020) Frequency-to-Place Mismatch: 
Characterizing Variability and the Influence on Speech Perception Outcomes in 
Cochlear Implant Recipients. Ear Hear. doi: 10.1097/AUD.0000000000000864. Online 
ahead of print. 
 
Abstract 
 
Objectives: The spatial position of a cochlear implant (CI) electrode array affects the spectral 
cues provided to the recipient. Differences in cochlear size and array length lead to substantial 
variability in angular insertion depth (AID) across and within array types. For CI-alone users, 
the variability in AID results in varying degrees of frequency-to-place mismatch between the 
default electric frequency filters and cochlear place of stimulation. For electric-acoustic 
stimulation (EAS) users, default electric frequency filters also vary as a function of residual 
acoustic hearing in the implanted ear. The present study aimed to (1) investigate variability in 
AID associated with lateral wall arrays, (2) determine the subsequent frequency-to-place 
mismatch for CI-alone and EAS users mapped with default frequency filters, and (3) examine 
the relationship between early speech perception for CI-alone users and two aspects of 
electrode position: frequency-to-place mismatch and angular separation between neighboring 
contacts, a metric associated with spectral selectivity at the periphery. 
Design: One hundred one adult CI recipients (111 ears) with MED-EL Flex24 (24 mm), Flex28 
(28 mm), and FlexSOFT/Standard (31.5 mm) arrays underwent postoperative computed 
tomography to determine AID. A subsequent comparison was made between AID, predicted 
spiral ganglion place frequencies, and the default frequency filters for CI-alone (n = 84) and 
EAS users (n = 27). For CI-alone users with complete insertions who listened with maps fit with 
the default frequency filters (n = 48), frequency-to-place mismatch was quantified at 1500 Hz 
and angular separation between neighboring contacts was determined for electrodes in the 1 
to 2 kHz region. Multiple linear regression was used to examine how frequency-to-place 
mismatch and angular separation of contacts influence consonant-nucleus-consonant (CNC) 
scores through 6 months postactivation. 
Results: For CI recipients with complete insertions (n = 106, 95.5%), the AID (mean ± standard 
deviation) of the most apical contact was 428º ± 34.3º for Flex24 (n = 11), 558º ± 65.4º for 
Flex28 (n = 48), and 636º ± 42.9º for FlexSOFT/Standard (n = 47) arrays. For CI-alone users, 
default frequency filters aligned closely with the spiral ganglion map for deeply inserted lateral 
wall arrays. For EAS users, default frequency filters produced a range of mismatches; absolute 
deviations of ≤ 6 semitones occurred in only 37% of cases. Participants with shallow insertions 
and minimal or no residual hearing experienced the greatest mismatch. For CI-alone users, 
both smaller frequency-to-place mismatch and greater angular separation between contacts 
were associated with better CNC scores during the initial 6 months of device use. 
Conclusions: There is significant variability in frequency-to-place mismatch among CI-alone 
and EAS users with default frequency filters, even between individuals implanted with the 
same array. When using default frequency filters, mismatch can be minimized with longer 
lateral wall arrays and insertion depths that meet the edge frequency associated with residual 
hearing for CI-alone and EAS users, respectively. Smaller degrees of frequency-to-place 
mismatch and decreased peripheral masking due to more widely spaced contacts may 
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independently support better speech perception with longer lateral wall arrays in CI-alone 
users. 
 

6. Canfarotta MW, O’Connell BP, Buss E, et al. (2020) Influence of Age at Cochlear 
Implantation and Frequency-to-Place Mismatch on Early Speech Recognition in Adults. 
Otolaryngol Head Neck Surg. 162(6):926-932. 
 
Adults 
 
Objective: Default frequency filters of cochlear implant (CI) devices assign frequency 
information irrespective of intracochlear position, resulting in varying degrees of frequency-to-
place mismatch. Substantial mismatch negatively influences speech recognition in 
postlingually deafened CI recipients, and acclimatization may be particularly challenging for 
older adults due to effects of aging on the auditory pathway. The present report investigated 
the influence of mismatch and age at implantation on speech recognition within the initial 6 
months of CI use. 
Study design: Retrospective review. 
Setting: Tertiary referral center. 
Subjects and methods: Forty-eight postlingually deafened adult CI recipients of lateral wall 
electrode arrays underwent postoperative computed tomography to determine angular 
insertion depth of each electrode contact. Frequency-to-place mismatch was determined by 
comparing spiral ganglion place frequencies to default frequency filters. Consonant-nucleus-
consonant (CNC) scores in the CI-alone condition at 1, 3, and 6 months postactivation were 
compared to the degree of mismatch at 1500 Hz and age at implantation. 
Results: Younger adult CI recipients experienced more rapid growth in speech recognition 
during the initial 6 months postactivation. Greater degrees of frequency-to-place mismatch 
were associated with poorer performance, yet older listeners were not particularly susceptible 
to this effect. 
Conclusions: While older adults are not necessarily more sensitive to detrimental effects of 
frequency-to-place mismatch, other factors appear to limit early benefit with a CI in this 
population. These results suggest that minimizing mismatch could optimize outcomes in adult 
CI recipients across the life span, which may be particularly beneficial in the elderly 
considering auditory processing deficits associated with advanced age. 
 
Keywords: age; cochlear implant; frequency-to-place mismatch; speech recognition. 
 

7. D’Haese PSC, Van Rompaey V, De Bodt M, et al. (2020) Can a Digital Awareness 
Campaign Change Knowledge and Beliefs Regarding Cochlear Implants? A Study in 
Older Adults in 5 European Countries. Inquiry. 57:46958020910566. 
 
Abstract 
 
There are 466 million people living with a disabling hearing loss and the challenges of 
managing this public health crisis cannot be underestimated. Yet, adult utilization of cochlear 
implants is poor with less than 10% of suitable candidates receiving one. The aim of this study 
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was to investigate the awareness levels regarding cochlear implants in older adults after a 
digital campaign to raise awareness of cochlear implantation in this population. To address the 
lack of awareness of the cochlear implants in the general population, adverts were placed in 
online medical magazines and mainstream newspapers. Data were collected in 400 subjects 
via an online market research questionnaire, in Germany, Austria, Sweden, and the United 
Kingdom, and compared with baseline data collected in a previous study. Median click rates 
were in line with expectations for the medical industry and approximately 22 000 individuals 
clicked through to the cochlear implant Web site. However, there were few significant 
differences between the 2 sets of data. The Internet was consulted as much as the doctor for 
medical information in Germany, Austria, and Sweden. The study reinforces the importance of 
the Internet in accessing information about health, including hearing loss. The click through 
rates shows that there is interest in learning about cochlear implants. Further work is needed to 
assess the impact of this type of campaign on individuals who have already been identified as 
hearing impaired. 
 
Keywords: awareness; cochlear implants; elderly; hearing aids; hearing loss. 
 

8. Dillon MT, Buss E, O’Connell BP, et al. (2020) Low-Frequency Hearing Preservation With 
Long Electrode Arrays: Inclusion of Unaided Hearing Threshold Assessment in the 
Postoperative Test Battery. Am J Audiol. 5;29(1):1-5. 
 
Abstract 
 
Purpose The goal of this work was to evaluate the low-frequency hearing preservation of long 
electrode array cochlear implant (CI) recipients. 
Method Twenty-five participants presented with an unaided hearing threshold of ≤ 80 dB HL at 
125 Hz pre-operatively in the ear to be implanted. Participants were implanted with a long 
(31.5-mm) electrode array. The unaided hearing threshold at 125 Hz was compared between 
the preoperative and postoperative intervals (i.e., initial CI activation, and 1, 3, 6, 9, and 12 
months after activation). 
Results Eight participants maintained an unaided hearing threshold of ≤ 80 dB HL at 125 Hz 
postoperatively. The majority (n = 5) demonstrated aidable low-frequency hearing at initial 
activation, whereas 3 other participants experienced an improvement in unaided low-frequency 
hearing thresholds at subsequent intervals. 
Conclusions CI recipients can retain residual hearing sensitivity with fully inserted long 
electrode arrays, and low-frequency hearing thresholds may improve during the postoperative 
period. Therefore, unaided hearing thresholds obtained within the initial weeks after surgery 
may not reflect later hearing sensitivity. Routine measurement of postoperative unaided 
hearing thresholds-even for patients who did not demonstrate aidable hearing thresholds 
initially after cochlear implantation-will identify CI recipients who may benefit from electric-
acoustic stimulation. 
Supplemental Material https://doi.org/10.23641/asha.11356637. 
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9. Yoshimura H, Moteki H, Nishio SY, et al. (2020) Genetic Testing Has the Potential to 
Impact Hearing Preservation Following Cochlear Implantation. Acta Otolaryngol. 
140(6):438-444. 
 
Abstract 
Background: Recent advances in less-invasive surgery and electrode design allow for a high 
degree of hearing preservation (HP) after cochlear implantation (CI), although residual hearing 
still deteriorates in some patients. To date, the factors predictive of preserving residual hearing 
remain a controversial topic. 
Objective: The aim of this study was to investigate the predictive factors, including the etiology 
of hearing loss (HL) as a patient-related factor, influencing residual HP after CI. 
Methods: Forty-four patients (50 ears, 41 families) with residual acoustic hearing who 
underwent CI were included. Auditory thresholds before and at 6 months after initial activation 
were measured. Genetic testing was performed to identify the responsible genes for HL. 
Results: We identified the cause of HL in 21 families (51.2%). HP was marginally correlated 
with age at implantation, while it was independent of pre-operative low-frequency hearing 
thresholds, cochlear duct length, and electrode length. We found that patients who had 
pathogenic variants in the CDH23, MYO7A, or MYO15A gene showed statistically better HP 
scores compared with patients with HL due to other causes (p = .002). 
Conclusions: Identification of the etiology of HL using genetic testing is likely to facilitate the 
prediction of HP after implant surgery. 
 
Keywords: Hearing preservation; cochlear implant; hearing loss; residual hearing. 
 

10. Fayed EA, Zaghloul HS, Morgan AE. (2020) Electrode Impedance Changes Over Time in 
MED El Cochlear Implant Children Recipients: Relation to Stimulation Levels and 
Behavioral Measures. Cochlear Implants Int. 21(4):192-197. 
 
Abstract 
 
Objective: Electrode impedance measures resistance encountered by electric current passing 
through wires, electrodes and biological tissue. This study was designed mainly to evaluate 
changes in electrode impedance values and psycho-electric parameters changes (i.e. 
threshold levels, comfortable levels, and dynamic range) in cochlear implant patients over time. 
Methods: It was a prospective study encompassing 20 patients implanted by MED-EL device 
programd using behavioral programs. Electrical stimulation levels and electrode impedance 
values were examined at 0, 1, 3 and 6 months after the first fitting session. 
Results: Electrode impedance values were reduced from the time of activation to the 6 months 
visit. Most comfortable levels increased and dynamic range widened until the 6 months visit. 
There was an inverse correlation between impedance values and most comfortable level as 
well as dynamic range, over time. 
Conclusion: Frequent monitoring of electrode impedance (for device and electrodes problems) 
and electric stimulation levels (for better performance, mapping and habituation) during the first 
6 months of implant use is recommended. 
 



 

 MED-EL Bibliography 
 January - June 2020  

Keywords: Cochlear implant; Dynamic range; Electrode impedance; Most comfortable level. 
 
 

11. Yoshimura H, Moteki H, Nishio SY, et al. (2020) Electric-acoustic Stimulation With 
Longer Electrodes for Potential Deterioration in Low-Frequency Hearing. Acta 
Otolaryngol. 1-7. doi: 10.1080/00016489.2020.1760351. Online ahead of print. 
 
Abstract 
 
Background: Electric-acoustic stimulation (EAS) has emerged as a standard treatment for 
patients with high-frequency hearing loss. EAS is usually performed with shorter electrodes of 
16-24 mm in length. As most EAS recipients gradually lose residual acoustic hearing in the 
implanted ear over time, EAS with longer electrodes without causing significant intra-cochlear 
damage might be ideal. 
Objective: The aim of this study was to investigate hearing preservation (HP) results after EAS 
surgery with longer electrodes. 
Methods: Ten patients (11 ears) with partial deafness that met the indications for EAS with a 
MED-EL FLEX28 electrode were included in this study. Auditory thresholds before and at 6 
months after activation were examined. 
Results: In 100% of cases, HP was comfortably achieved, indicating that all patients could 
utilize acoustic amplification combined with electric stimulation. 
Conclusion: EAS with longer electrodes can offer broader cochlear coverage, resulting in 
natural frequency matching in comparison with shorter electrodes, even in EAS cases. The 
combination of advanced surgical techniques and flexible, long, straight electrodes permits 
deep insertion that reaches the apical region with little or no insertion trauma. 
 
Keywords: Hearing preservation; cochlear implant; electric-acoustic stimulation; hearing loss; 
residual hearing. 
 

12. Galvin JJ, Fu QJ, Wilkinson EP, et al. (2019) Benefits of Cochlear Implantation for 
Single-Sided Deafness: Data From the House Clinic-University of Southern California-
University of California, Los Angeles Clinical Trial. Ear Hear. 40(4):766-781. 
 
Abstract 
 
Objectives: Cochlear implants (CIs) have been shown to benefit patients with single-sided 
deafness (SSD) in terms of tinnitus reduction, localization, speech understanding, and quality 
of life (QoL). While previous studies have shown cochlear implantation may benefit SSD 
patients, it is unclear which point of comparison is most relevant: baseline performance before 
implantation versus performance with normal-hearing (NH) ear after implantation. In this study, 
CI outcomes were assessed in SSD patients before and up to 6 mo postactivation. Benefits of 
cochlear implantation were assessed relative to binaural performance before implantation or 
relative to performance with the NH ear alone after implantation. 
Design: Here, we report data for 10 patients who completed a longitudinal, prospective, Food 
and Drug Administration-approved study of cochlear implantation for SSD patients. All subjects 
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had severe to profound unilateral hearing loss in one ear and normal hearing in the other ear. 
All patients were implanted with the MED-EL CONCERTO Flex 28 device. Speech 
understanding in quiet and in noise, localization, and tinnitus severity (with the CI on or off) 
were measured before implantation (baseline) and at 1, 3, 6 mo postactivation of the CI 
processor. Performance was measured with both ears (binaural), the CI ear alone, and the NH 
ear alone (the CI ear was plugged and muffed). Tinnitus severity, dizziness severity, and QoL 
were measured using questionnaires administered before implantation and 6 mo 
postactivation. 
Results: Significant CI benefits were observed for tinnitus severity, localization, speech 
understanding, and QoL. The degree and time course of CI benefit depended on the outcome 
measure and the reference point. Relative to binaural baseline performance, significant and 
immediate (1 mo postactivation) CI benefits were observed for tinnitus severity and speech 
performance in noise, but localization did not significantly improve until 6 mo postactivation; 
questionnaire data showed significant improvement in QoL 6 mo postactivation. Relative to 
NH-only performance after implantation, significant and immediate benefits were observed for 
tinnitus severity and localization; binaural speech understanding in noise did not significantly 
improve during the 6-mo study period, due to variability in NH-only performance. There were 
no correlations between behavioral and questionnaire data, except between tinnitus visual 
analog scale scores at 6 mo postactivation and Tinnitus Functional Index scores at 6 mo 
postactivation. 
Conclusions: The present behavioral and subjective data suggest that SSD patients greatly 
benefit from cochlear implantation. However, to fully understand the degree and time course of 
CI benefit, the outcome measure and point of comparison should be considered. From a 
clinical perspective, binaural baseline performance is a relevant point of comparison. The lack 
of correlation between behavioral and questionnaire data suggest that represent independent 
measures of CI benefit for SSD patients. 
 

13. Gao Z, Wang S, Yang H, et al. (2020) Simultaneous Bilateral Cochlear Implantation in 
Children Aged 12‒18 Months Is Safe and Can Be Performed Using Standard Cochlear 
Implant Surgical Techniques. Eur Arch Otorhinolaryngol. doi: 10.1007/s00405-020-
05928-6. Online ahead of print. 
 
Abstract 
 
Purpose: Simultaneous bilateral cochlear implantation is often seen as the gold-standard 
intervention for many people with bilateral deafness. However, this intervention is not as 
commonly performed in China. This paper presents the surgical technique and the peri- and 
postoperative safety results from simultaneous bilateral implantation and compares them with 
those from sequential bilateral implantation. 
Methods: Twenty nine children (aged 12‒18 months) met the inclusion/exclusion criteria and 
took part in this study. 10 participants received a unilateral cochlear implantation; 19 
participants received simultaneous bilateral cochlear implantation. The same standard surgical 
technique (transmastoid facial recess approach with round window insertion) was used in all 
implantations. Safety was assessed via monitoring peri- and postoperative adverse events. 
The helpfulness of select surgical tools was assessed via questionnaire. 
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Results: No adverse events were reported for any participants. All queried surgical tools were 
helpful in all 244 recorded responses. 
Conclusion: Simultaneous bilateral cochlear implantation can be performed using the same 
surgical technique as unilateral implantation and poses no increased safety risk for children 
aged 1‒2 years. 
 
Keywords: Pediatric cochlear implant provision; Simultaneous bilateral cochlear implantation; 
Surgical technique; Surgical tools. 
 

14. Mertens G, Van Rompaey V, Van de Heyning P, et al. (2020) Prediction of the Cochlear 
Implant Electrode Insertion Depth: Clinical Applicability of Two Analytical Cochlear 
Models. Sci Rep. 10(1):3340 
 
Abstract 
 
Although the spiral anatomy of the human cochlea seems evident, measuring the highly inter-
variable true dimensions is still challenging. Today, only a few three-dimensional 
reconstruction models of the inner ear are available. Previously, spiral equations were applied 
to two-dimensional computed tomography (CT) images to predict the electrode insertion depth 
prior to cochlear implantation. The study aimed primarily to compare the clinical applicability of 
two analytical cochlear models using a recently introduced planning software to predict the 
insertion depth of the electrode array of 46 cochlear implant recipients. One was based upon 
the Escudé formula, which relies only on the basal turn diameter, and another based upon the 
Elliptic-Circular Approximation (ECA), using the diameter and width. Each case was measured 
twice by two ENT surgeons. Secondly, in order to measure the benefit of the new planning 
software over the use of the existing clinical routine method, the results were compared to the 
prediction based upon a two-dimensional CT image. The intra -and inter-observer agreement 
using the planning software was significantly better when the ECA was applied, compared to 
the Escudé formula (p < 0.01). As a reference, the predicted insertion depth was compared to 
the actual insertion depth measured on post-operative images. The mean absolute error was 
|2.36| (|1.11|) mm in case of the Escudé approach and |1.19| (|0.92|) mm in case of the ECA. 
The use of a new planning software that allows three-dimensional handling, integrating the 
diameter and width of the basal turn (ECA formula), resulted in the most accurate predictions 
of the electrode insertion depths. 
 

15. Müller V, Klünter HD, Fürstenberg D, et al. (2020) Comparison of the Effects of Two 
Cochlear Implant Fine Structure Coding Strategies on Speech Perception. Am J Audiol. 
29(2):226-235. 
 
Abstract 
 
Purpose This study aims to investigate the effect of upgrading from the fine structure 
processing (FSP) coding strategy to the novel fine structure strategy "FS4" in adults in adults 
with cochlear implants manufactured by MED-EL GmbH (Innsbruck, Austria). 
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Method A crossover, double-blinded study was conducted for 12 weeks. Twelve adult 
participants were randomly assigned to two groups. During the first 6-week test interval, one 
group continued to use their everyday FSP strategy, whereas the other group was upgraded to 
the FS4 strategy. In the second 6-week interval, the two groups switched coding strategies. 
Speech perception was measured at the end of each test interval with the Oldenburg Sentence 
Test and the Göttingen Sentence Test. Participants completed the Speech, Spatial and 
Qualities of Hearing Scale at the end of each test interval and a simple preference test at the 
end of the study. 
Results There was no significant difference in speech perception test results obtained with the 
Oldenburg Sentence Test and the Göttingen Sentence Test, neither in quiet nor in noise. 
Participants' Speech, Spatial and Qualities of Hearing Scale self-evaluation and preference 
test results showed that the two coding strategies had similar effects on their hearing 
perception. No clear preference for either of the strategies was found. 
Conclusions Speech perception test results and the participants' level of satisfaction were 
similar for the two FS coding strategies. Despite differences in the presentation of temporal fine 
structure between FSP and FS4, a clear benefit of the newer FS4 strategy could not be shown. 
 

16. Pieper SH, Brill S, Bahmer A. (2020) Loudness Perception and Dynamic Range 
Depending on Interphase Gaps of Biphasic Pulses in Cochlear Implants. Ear Hear. doi: 
10.1097/AUD.0000000000000843. Online ahead of print. 
 
Abstract 
 
Objectives: The human auditory nerve can be electrically stimulated by cochlear implants (CIs) 
with pulse trains consisting of biphasic pulses with small interphase gaps (IPGs). In animal 
experiments, lower electrically evoked compound action potential (ECAP) thresholds in 
implanted animals were found for increasing IPGs (2.1, 10, 20, 30 μs). ECAP thresholds may 
correlate with loudness thresholds. Therefore, in this study, the IPG effect on loudness and 
dynamic range was investigated in nine CI subjects. 
Design: A loudness-matching procedure was designed with three different IPGs (2.1, 10, 30 
μs) at three different pulse rates (200, 600, 1000 pps). An adaptive loudness-balancing test 
was performed at the 50% stimulus amplitude level of the dynamic range and most 
comfortable loudness level (MCL). 
Results: Increasing the IPG or increasing the pulse rate led to a significant decrease in 
stimulus amplitude for 50% level and MCL in the adaptive test. Because the stimulus 
amplitudes for 50% level and MCL decreased in a different manner, the calculated upper 
dynamic range between MCL and 50% level significantly decreased for increasing IPG 
between 0.24 and 0.38 dB. This decrease in the upper dynamic range was observed for all 
pulse rates. 
Conclusions: It is possible to reduce the stimulus amplitude level for the same loudness 
impression using larger IPGs in CIs; however, larger IPGs decrease the dynamic range. These 
findings could help during the fitting process of CIs to find the balance between saving battery 
and a proper dynamic range. 
 
Keywords: Cochlear implant; Single-sided deafness; Sound quality. 
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17. Polak M, Lorens A, Furmanek M, et al. (2020) Electrode Estimation in the Acoustic 
Region of the Human Cochlea. Acta Otolaryngol. 140(6):487-496. 
 
Abstract 
 
Background: In this study, a method to estimate number of electrodes in the acoustic region of 
Electric Acoustic Stimulation (EAS) subjects was proposed. Aims/Objectives: To develop and 
validate an anatomy-based method for EAS subjects to estimate the number of electrodes 
within the acoustic region. 
Material and methods: The postoperative CTs of adults with various degree of hearing 
implanted with lateral wall electrodes with mean insertion depth of 23.9 mm (18.0-28.2 mm) 
and mean insertion angle of 505° (355-695°) were evaluated. 
Results: The difference between the estimated and measured angle varied between -18 and 
25°, with a mean of 0.9°. For the insertion angle of 230° and higher, the maximum difference 
was 24°. Taking this uncertainty into account, all electrodes in the acoustic region were 
predicted correctly. 
Conclusions and significance: The method decides on non-overlapping acoustic and electric 
stimulation in terms of place in the cochlea. With the accuracy of 0.84 mm for the electrode 
arrays inserted for more than 230°, the method was sufficient to estimate the exact number of 
electrodes in the acoustic region of cochlear implantees. The benefit of this method may be in 
fitting of EAS subjects with some portion of the electrode array in the acoustic region. 
 
Keywords: Electric acoustic stimulation; acoustic region; hearing preservation; lateral wall 
electrodes. 
 

18. Sprinzl GM, Schoerg P, Edlinger SH, et al. (2020) Long-term Hearing Preservation in 
Electric Acoustic Cochlear Implant Candidates. Otol Neurotol. doi: 
10.1097/MAO.0000000000002627. Online ahead of print. 
 
Abstract 
 
Objectives: To evaluate long-term stability and residual hearing preservation after cochlear 
implantation with electric acoustic stimulation (EAS). 
Study design: Retrospective chart-analysis. 
Setting: University clinic. 
Methods: Long- and short-term hearing preservation (HP) of 18 EAS subjects (21 ears) was 
evaluated. Short-term was defined as follow-ups less than 12 months after surgery versus 
long-term outcomes longer than 12 months postsurgery. 
Results: Mean period of observation in the short-term group was 4 ± 3.0 months (range 0-7). 
In the long-term group the mean follow-up was 28.4 ± 15.0 months (range 12-58). Full 
insertion was possible in all 18 implanted subjects. In the short-term group, complete HP was 
achieved in 50%, partial HP in 33.3%, and minimal HP in 8.3% of the investigated subjects. 
One subject lost hearing completely. In the long-term group, complete HP was achieved in 
50%, partial HP was observed in 40%, and minimal HP in 10% of the ears. No subject lost 
hearing completely. Subjects using EAS showed better word recognition scores after surgery 
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(mean at 65 dB 55.3 ± 18.4; mean at 80 dB 68.1 ± 12.2) than subjects using electric 
stimulation only (mean at 65 dB 38.3 ± 18.1; mean at 80 dB 60.0 ± 16.4) with nonfunctional 
low-frequency hearing. 
Conclusion: The study confirms that hearing can be preserved to a large extent. As a result, 
most subjects benefitted from EAS. Subjects with postoperative functional low-frequency 
hearing showed greater benefit in word speech tests. Furthermore, the outcomes show that 
EAS implantation is a safe, effective, and most importantly stable treatment option (longest 
follow-up with 58 mo). 
 

19. Srinivasan S, Laback B, Majdak P, et al. (2019) Improving Interaural Time Difference 
Sensitivity Using Short Inter-Pulse Intervals With Amplitude-Modulated Pulse Trains in 
Bilateral Cochlear Implants. J Assoc Res Otolaryngol. 21(1):105-120. 
 
Abstract 
 
Interaural time differences (ITDs) at low frequencies are important for sound localization and 
spatial speech unmasking. These ITD cues are not encoded in commonly used envelope-
based stimulation strategies for cochlear implants (CIs) using high pulse rates. However, ITD 
sensitivity can be improved by adding extra pulses with short inter-pulse intervals (SIPIs) in 
unmodulated high-rate trains. Here, we investigated whether this improvement also applies to 
amplitude-modulated (AM) high-rate pulse trains. To this end, we systematically varied the 
temporal position of SIPI pulses within the envelope cycle (SIPI phase), the fundamental 
frequency (F0) of AM (125 Hz and 250 Hz), and AM depth (from 0.1 to 0.9). Stimuli were 
presented at an interaurally place-matched electrode pair at a reference pulse rate of 1000 
pulses/s. Participants performed an ITD-based left/right discrimination task. SIPI insertion 
resulted in improved ITD sensitivity throughout the range of modulation depths and for both 
male and female F0s. The improvements were largest for insertion at and around the envelope 
peak. These results are promising for conveying salient ITD cues at high pulse rates commonly 
used to encode speech information. 
 
Keywords: ITD sensitivity; amplitude modulation; bilateral cochlear implant; binaural timing 
cues; high-rate stimulation; short inter-pulse intervals. 
 

20. Távora-Vieira D, Acharya A, Rajan GP. (2020) What Can We Learn From Adult Cochlear 
Implant Recipients With Single-Sided Deafness Who Became Elective Non-Users? 
Cochlear Implants Int. 21(4):220-227. 
 
Abstract 
 
Objective: This retrospective study investigates the incidence of elective cochlear implant (CI) 
non-use amongst a cohort of adult CI recipients with single-sided deafness (SSD), identifies 
the causes that led to non-use, and assesses how non-use could be prevented. 
Methods: All adults with SSD who received a CI between 2008 and 2018 and who became 
elective CI non-users were included. Elective non-users were defined as CI recipients who 
decided to stop using their CI or, if explantation was necessary, refused reimplantation. 
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Results: 5/114 (4.4%) adults with SSD who received a CI became elective non-users. The 5 
non-users were a mean 44.2 years old (range 33-70 years) at implantation, had a mean 
duration of deafness of 7.1 years (range 0.5-20 years) at implantation, and used their CI for a 
mean 11.5 months (range 1.5-60 months) before (fully) discontinuing use. The primary cause 
of elective non-use was postoperative discouragement due to unrealistic expectations (4 
participants) regarding sound perception with the CI or about the greater than expected level of 
commitment necessary for rehabilitation. 
Conclusions: Elective non-use among adult CI recipients with single-sided deafness was very 
rare and could be further prevented by comprehensive counselling to ensure that candidates 
have realistic expectations about the rehabilitation requirements and the outcomes with the CI. 
 
Keywords: Cochlear implant; Disuse; Non-use; Preoperative counselling; Single-sided 
Deafness. 
 

21. Usami SI, Nishio SY, Moteki H, et al. (2020) Cochlear Implantation From the Perspective 
of Genetic Background. Anat Rec (Hoboken) 303(3):563-593. 
 
Abstract 
 
While cochlear implantation (CI) technology has greatly improved over the past 40 years, one 
aspect of CI that continues to pose difficulties is the variability of outcomes due to numerous 
factors involved in postimplantation performance. The electric acoustic stimulation (EAS) 
system has expanded indications for CI to include patients with residual hearing and is 
currently becoming a standard therapy for these patients. Genetic disorders are known to be 
the most common cause of congenital/early-onset sensorineural hearing loss and are also 
involved in a considerable proportion of cases of late-onset hearing loss. There has been a 
great deal of progress in the identification of deafness genes over the last two decades. 
Currently, more than 100 genes have been reported to be associated with non-syndromic 
hearing loss. Patients possessing a variety of deafness gene mutations have achieved 
satisfactory auditory performance after CI/EAS, suggesting that identification of the genetic 
background facilitates prediction of post-CI/EAS performance. When the intra-cochlear etiology 
is associated with a specific genetic background, there is a potential for good CI performance. 
Thus, it is essential to determine which region of the cochlea is affected by identifying the 
responsible genes. This review summarizes the genetic background of the patients receiving 
CI/EAS and introduces detailed clinical data and CI/EAS outcomes in representative examples. 
Anat Rec, 303:563-593, 2020. © 2020 The Authors. The Anatomical Record published by 
Wiley Periodicals, Inc. on behalf of American Association of Anatomists. 
 
Keywords: cochlear implant; electric acoustic stimulation; gene; genetic etiology; hearing loss. 
 

22. Wedekind A, Rajan G, Van Dun B, et al. (2020) Restoration of Cortical Symmetry and 
Binaural Function: Cortical Auditory Evoked Responses in Adult Cochlear Implant 
Users With Single Sided Deafness. PLoS One. 15(1):e0227371. 
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Abstract 
 
Background: Cochlear implantation for single-sided deafness (SSD) is the only treatment 
option with the potential to restore binaural hearing cues. Significant binaural benefit has been 
measured in adults by speech in noise and localisation tests, who receive a cochlear implant 
for SSD, however, little is known on the cortical changes that help provide this benefit. In the 
present study, detection of sound in the auditory cortex, speech testing and localisation was 
used to investigate the ability of a cochlear implant (CI) to restore auditory cortical latencies 
and improve binaural benefit in the adult SSD population. 
Methods: Twenty-nine adults with acquired single-sided deafness who received a CI in 
adulthood were studied. Speech perception in noise was tested using the Bamford-Kowal-
Bench speech-in-noise test, localisation ability was measured using the auditory speech 
sounds evaluation (AδE) localisation test and cortical auditory evoked responses, comparing 
N1-P2 latencies recorded from the normal hearing ear and cochlear implant were used to 
investigate the synchrony of the cortical pathway from the CI and normal hearing ear (NHe) 
with binaural hearing function. 
Results: There was a significant improvement in speech perception in noise in all spatial 
configurations S0/N0 (Z = -3.066, p<0.002), S0/NHE (Z = -4.031, p<0.001), SCI/NHE (Z = -
3.851, p<0.001). Localization significantly improved when tested with the cochlear implant on 
(p<0.001) with a shorter duration of deafness correlating to a greater improvement in 
localisation ability F(1:18) = 6.854; p = 0.017). There was no significant difference in N1-P2 
latency recorded from the normal hearing ear and the CI. 
Conclusion: Cortical auditory evoked response latencies recorded from the CI and NHe 
showed no significant difference, indicating that the detection of sound in the auditory cortex 
occurred simultaneously, providing the cortex with auditory information for binaural hearing. 
 

23. Zhen E, Kuthubutheen J, Misso D, et al. (2020) 3 Tesla MRI Brain Scanning Under 
General Anaesthesia in a Paediatric 3 Tesla-compatible Cochlear Implant Recipient, 
First Reported Case: Clinical Considerations and Implications for Future Practice. Int J 
Pediatr Otorhinolaryngol, Case Reports. 133:110015. 
 
Abstract 
 
Objectives: To demonstrate the safety and feasibility of the first reported case of a 3 Tesla MRI 
scan in a paediatric 3 Tesla-compatible cochlear implant recipient under general anaesthesia. 
Materials and methods: A three-year-old child with bilateral optic pathway glioma treated with 
chemotherapy, who subsequently received a right sided 3 Tesla-compatible cochlear implant 
for sensorineural hearing loss was examined. The CI device chosen was implanted due to its 
purported MRI compatibility. Following informed consent and hospital executive approval, the 
child underwent a 3 Tesla MRI scan to assess for growth of the optic pathway glioma. 
Results: A 3 Tesla MRI scan of the brain was performed under general anaesthesia. There 
was expected artefact due to the magnet of the receiver stimulator. There was no malfunction 
of the implant noted after the procedure, and no neurological or otological complications. The 
child had five more uneventful 3 Tesla MRI scans of the brain without complications. 
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Conclusion: This is the first reported case of a child with a 3 Tesla-compatible cochlear implant 
undergoing a 3 Tesla MRI scan of the brain under general anaesthesia. Provided manufacturer 
guidelines are adhered to, 3 Tesla MRI scanning should not be contraindicated in paediatric 
cochlear implant recipients with a compatible device. 
 
Keywords: 3 Tesla MRI; Cochlear implant; MED-EL SYNCHRONY; Paediatric. 

 


