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Abstract

Objective: To investigate a new surgical and signal processing technique that provides apical 

stimulation of the cochlea using a cochlear implant without extending the length of the electrode 

array.

Patients: Three adult patients who underwent cochlear implantation using this new technique.

Interventions: The patients received a cochlear implant. The surgery differed from the standard 

approach in that a ground electrode was placed in the cochlear helicotrema via an apical 

cochleostomy rather than in its typical location underneath the temporalis muscle. Clinical fitting 

was modified such that low frequencies were represented using the apically-placed electrode as a 

ground.

Main Outcome Measures: Pitch scaling and speech recognition

Results: All surgeries were successful with no complications. Pitch scaling demonstrated that 

use of the apically-placed electrode as a ground lowered the perceived pitch of electric stimulation 

relative to monopolar stimulation. Speech understanding was improved compared to preoperative 

scores.

Conclusions: The new surgical approach and clinical fitting are feasible. A lower pitch is 

perceived when using the apically-placed electrode as a ground relative to stimulation using an 

extracochlear ground (i.e. monopolar mode), suggesting that stimulation can be provided more 

apically without the use of a longer electrode array. Further work is required to determine potential 

improvements in outcomes and optimal signal processing for the new approach.

Introduction:

The majority of cochlear implant (CI) electrodes are designed to be inserted approximately 

360 degrees into the cochlea, leaving more than half of the cochlea unstimulated(1). 

In the normal hearing ear, the neglected region includes all spiral ganglion cells with 
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characteristic frequencies below ~800 Hz(2). Extending stimulation over the entire cochlea 

offers many potential advantages, including improved speech understanding(3–5), spectral 

representation(6), temporal representation(7,8), and sound quality(9,10). One solution to 

stimulating a greater extent of the cochlea would be to use longer electrode arrays. However, 

this option has potential disadvantages, including the increased likelihood of damage 

to cochlear structures as well as difficulty achieving complete electrode insertion (thus 

defeating the purpose of a longer electrode). Moreover, longer intracochlear electrodes are 

typically placed along the lateral wall of the scala tympani rather than in a perimodiolar 

position; the latter may be more desirable for reducing electrical charge levels, reducing 

spread of excitation, improving battery life, and producing adequate loudness(11,12). Even 

with the lateral wall design, the longest electrode on the market only reaches approximately 

1.75 out of 2.5 turns into the cochlea, leaving approximately the upper (apical) third of the 

cochlea unstimulated (6).

We have developed a new surgical and signal processing approach designed to stimulate 

the apical region of the cochlea without requiring longer electrode arrays or sacrificing the 

potential advantages of perimodiolar arrays. This new approach can be implemented without 

modification to existing cochlear implants, speech processors, or programming software 

and using a technique similar to what is employed for placement of a double array for 

obstructed cochleae. In this manuscript, we describe the surgical and clinical aspects of the 

new approach as well as preliminary results with the first patients to receive this treatment.

Methods:

Overview:

An existing lead electrode (ECE1 in the Cochlear system) is placed inside the cochlea at/

near the cochlear apex to reshape the electric fields within the cochlea. Stimulation between 

an electrode on the array and the case ground electrode (ECE2) provides standard-of-care 

monopolar (MP) stimulation. However, when stimulation from the same electrode on the 

array is grounded to the apically-placed contact (ECE1) it is expected that current will flow 

up the cochlea in what is effectively a broad bipolar stimulation(13), stimulating a more 

apical cochlear region and producing a lower pitch percept than when stimulating in MP 

mode. We designate stimulating from an electrode along the array using the apically-placed 

ECE1 as #-Apex and using the case electrode (ECE2) as #-MP where “#” indicates the 

contact number along the array. Using this technique, we expect that we can extend the 

range of places of stimulation within the cochlea without increasing the insertion depth of 

the electrode array or sacrificing the ability to use a perimodiolar design.

Subject Demographics:

The demographics of the three subjects (S1-S3) who received the apically-placed ECE1 and 

a control subject (N102) are described in Table 1.

Surgery:

The surgical procedure used the same approach as the standard transmastoid/transfacial 

recess CI procedure to insert the electrode array but instead of placing the free ground 
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electrode (ECE1) under the temporalis muscle, it was placed in a separate apical 

cochleostomy and secured with a small piece of periosteum. This was achieved by removing 

the incus bar and the incus, opening the facial recess (posterior tympanotomy from the 

top down), giving access to the cochlear apex which lies just medial to the tensor tympani 

muscle and anterior to the cochleariform process and oval window. The apical cochleostomy 

is drilled to the endosteum. The endosteum is opened with a small rasp and the electrode 

placed. The procedure and resulting placement are illustrated in Figure 1. Note that while 

only FDA-approved devices are used in this study, placement of ECE1 in the cochlea is 

considered “off-label”.

Signal Processing:

The clinical fitting software from Cochlear Ltd. (Custom Sound) allows selection of the 

stimulating and ground electrode on a per-channel basis, allowing individual channels to 

be stimulated in #-MP or #-Apex modes. Maps were implemented such that the lowest 

frequency channel (channel 22, representing 188 to 313 Hz) provided stimulation on 22-

Apex. The second lowest frequency channel (21, representing 313 to 438 Hz) provided 

stimulation on 22-MP. Each subsequent channel was programmed to the next most apical 

electrode in #-MP mode. As Custom Sound only allows 22 channels, stimulation on 

electrode 1 was deactivated. The default frequency allocation table was used (188 – 7938 

Hz). We refer to this map as “ACE-Apex”. On average, clinical settings of c-level for 

22-Apex were 12 Nucleus Current units higher than 22-MP. This increment was never 

enough to encounter compliance issues or require the increase of the pulse width. Other 

than selecting the stimulation mode and electrode for each channel, ACE-Apex was fit using 

standard clinical practice.

Speech Testing:

Speech perception was evaluated at 3-month and 6-month follow-up clinical appointments. 

Speech perception was measured for CNC words, CNC phonemes, AzBio sentences in 

quiet, and AzBio sentences in +10 dB SNR noise using two maps: ACE-Apex, and ACE-

Ch22–0. The latter is identical to ACE-Apex, except that the C-level in channel 22 is set to 

0. Outside of testing, subjects had no experience with the ACE-Ch22–0 map. One list was 

evaluated for each condition.

The procedure was repeated with an additional subject (N102) who had ECE1 implanted in 

the standard location and a map with the default frequency allocation. Data with this subject 

was collected to provide insight into the magnitude of the effect of removing the frequency 

information represented by channel 22 (188 – 313 Hz) when not represented by #-Apex 

stimulation.

Pitch Scaling:

Pitch scaling was conducted 3-months post activation for S2 and S3 to determine if #-Apex 

stimulation provided a lower pitch than #-MP stimulation. A single stimulus was played in 

each trial. The subject was asked to rate how “high” the sound was by clicking on a line on a 

computer screen. Stimuli consisted of equally-loud single-channel pulse trains on electrodes 

18, 19, 20, 21, or 22 in #-MP or #-Apex configurations. An additional stimulus consisted 
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of a pulse train presented on the apical electrode and grounded to the case (Apex-MP). 

The stimuli were presented in a randomized order. The procedure was repeated until each 

stimulus was pitch scaled ten times. The pitch scaling experiment was conducted using 

the NIC4 research interface(14) which allows bypassing the CI sound processor to provide 

direct control over the implant, including stimulation in MP-Apex mode. S1 was unavailable 

for pitch scaling evaluation due to logistical issues related to Covid-19 restrictions.

Results:

Surgery:

All surgeries were successful with no complications or adverse events with intraoperative 

confirmation of correct placement based on x-ray (see Figure 1) and Transimpedance 

Matrices (TIM; Supplemental Digital Content).

Speech Testing:

For all 3 apical-electrode subjects, speech recognition scores were better with the implant 

than pre-operatively using hearing aids, indicating a successful intervention. Performance 

with the two maps (ACE-Apex and ACE-Ch22–0) was generally similar (±10 percentage 

points) for each subject on each of the four speech tests. The only two differences that 

were significant at the individual level based on binomial 95% confidence intervals favored 

the ACE-Apex map (Subject 2, CNC words, 3 months, and Subject 3, AzBio in noise, 3 

months).For N102 with ECE1 placed under the temporalis muscle, performance was similar 

for both maps (within 2 percentage points) for CNC words, CNC Phonemes, and AzBio 

Noise. A not statistically difference of 14 percentage points was observed when removing 

channel 22 from N102’s map.

Results are presented in Figure 2.

Pitch Scaling:

Pitch scaling results are plotted in Figure 3 for S2 and S3. Except for S3 electrode 18, 

stimulation from each intra-cochlear electrode in #-Apex mode (red circles) was scaled as 

lower than when in #-MP mode (blue triangles). A binomial test describes the probability of 

this happening by chance (i.e. that apical grounding does not produce a lower pitch percept 

than case grounding) as 0.0215. Additionally, stimulation from the apex using the case 

ground (Apex-MP) was perceived as lower in pitch than other electrodes in #-MP mode.

Discussion:

A new approach for providing apical stimulation without longer electrodes is described. In 

this approach, a ground electrode (ECE1) which is normally placed under the temporalis 

muscle is instead inserted into the cochlear apex via a separate cochleostomy. Without 

modifications to clinical software, signal processing can be implemented using the apically-

placed electrode.

Results demonstrate that the surgery is safe, without complications, and outcomes with the 

new approach are consistent with standard outcomes. As stimulation using the apical ground 
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(#-Apex) provides a lower in pitch than stimulation using the case ground (#-MP), it can be 

concluded that we can extend the effective range of place of stimulation without a longer 

electrode array. This phase of the intervention successfully demonstrates feasibility.

The benefits on speech understanding have yet to be demonstrated. The results are limited 

by both a small sample size as well as a within-subject control condition (removing of the 

one apical channel) that is unlikely to have a large effect on speech understanding. It is 

therefore important to expand the study to a larger population as well as consider modifying 

the sound coding strategy to better utilize the apically-placed electrode.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
ECE1 placed via an apical cochleostomy (left panel). Intraoperative x-ray of the inserted 

electrode array and ECE1 in place (right panel).
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Figure 2: 
Percent correct on four speech tests: CNC words (top left), CNC Phonemes (bottom left), 

AzBio in quiet (top right), and AzBio in +10 dB noise (bottom right) are presented for the 

three subjects pre-op and at 3- and 6-month intervals. Individual significant differences as 

evaluated with a binomial 95% confidence interval are labeled with a blue star. Missing 

data is indicated by a black X. Additionally, performance is presented for a control subject 

(N102) for whom ECE1 is implanted in the standard location presented. Speech scores were 

presented for N102 with her clinical map and with the c-level of channel 22 set to 0.
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Figure 3: 
Pitch scaling data for single channel stimulation on electrodes 18–22 when grounded to 

apical contact (red circles), or case (blue triangles). Data from stimulation in MP mode with 

the apical contact is also presented (green square).
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