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 Cochlear implants
 Feasible and secure treatment for  severe to profound SNHL

 Speech perception outcomes may vary due to:

Biographical factors

Audiological factors

Surgical factors

Age
Genetics
Immunological response
Cochlear anatomy

Onset of Hearing impairment
Etiology of HL
Residual hearing

Cochlear approach (RW, eRW, Co)
Insertion trajectory
Insertion speed
Electrode (flexibility, dimensions)
Depth of insertion
Blood / Bone dust

Introduction

August 2017

Cochlear implants
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Presenter
Presentation Notes
Although cochlear implants have been demonstrated to be a feasible and secure treatment for severe to profound sensorineural hearing loss and became the first medical device to restore a human sense, the speech perception outcomes may vary due to many well known, known or even not known factors, such as Biographical factors, Audiological factors and surgical factors. Surgical approach to the cochlea (bone dust, bleeding) and insertion trauma are one of the most conditioning on the final immunological response of the cochlea to the cochlear implant and may limit the speech outcomes as shown by Dalbert et al and Carlson et al. who demonstrated the implication of hearing preservation on speech performance even in the electric-only stimulation.-




Surgical 
Approach

• Opening of the cochlea: endosteal lesions, bleeding, bone dust, 
perilymph suction                                                                            
(ACTIVATE THE COCHLEAR INFLAMMATORY CASCADE)

• Insertion of the electrode array: damage to the lateral wall, modiolar
damage, damage to the basilar membrane, scala dislocation 
(INTRACOCHLEAR STRUCTURAL DAMAGE)

Acute 
inflammatory 

reaction

• Cytokines and free radicals
• Hair cells and neuronal damage: apoptosis - necrosis

Chronic 
inflammatory 

reaction

• Labyrinthitis, progressive intracochlear fibrosis, ossification

Potential Damages inside the Cochlea with a CI

Cochlear Implant
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There are evidences that cochlear damage is not good…

2011 - USA 2016 - Switzerland

A. DALBERT ET AL.M. L. CARLSON ET AL.
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Presenter
Presentation Notes
Existen muchas publicaciones evaluando el uso de los corticoides para preservación auditiva, pero ninguno realiza una medición objetiva de los cambios que se producen en las impedancias intracocleares, la mayoría utilizan promedios de umbrales pre y postoperatorio para evaluar preservación auditiva. 



How the cochlea reacts to the implant
inflammatory response  fibrosis  ossification

The electrode array in the cochlea:

A BENEFIT for the patient & a PROBLEM for the cochlea

Distance to the modiolus

 The Electro-Neural Interface:
 The electrode surface

 The stimulus parameters

 The nature of the medium

Impedances

• Assess electrode functioning
• Calculate power consumption
• Kinking of flexible electrodes
• Mapping

May vary over time (protein adsorption, cellular 
inflammatory reaction, fibrosis, ossification)

Newbold, C. et al. Changes in biphasic electrode impedance with protein adsorption and cell growth. J. Neural Eng. 7, 056011 (2010).
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So the question concerning that point of view is if even on those completely within-scala tympani insertions the electrode array in the cochlea is a benefit for the patient or is it a problem for the cochlea?. The answer of that depends on how the cochlea reacts to the implant electrode array, because the inflammatory response generated by the implant itself but also because of the trauma generated during the insertion could lead in fibrosis and ossification. Given the man-machine nature of the cochlear implant, it is evident that the interface between the cochlear implant electrode and the spiral ganglion cells is critical to the passage of information via electro-neural stimulation. The passage of electrical current through a tissue medium is, like all electrical transmission, governed by stimulus parameters, the particular characteristics of the electrode surface, and the nature of the medium through which the electrical current is passed. The principal transmission effect clinically measured is impedance. The impedance of an electrode reflects therefore the electrical status of the electrode and its adjacent tissue environment. Electric impedances in cochlear implants are commonly used to assess electrode functioning, to calculate power consumption and more recently to detect kinking of flexible electrodes. Furthermore, electrode impedance and its changes over time may be also used to objectively measure changes in the cochlear environment surrounding the electrode array.



 Cochlear implants are unable to directly assess impedance.
 Impedances can be obtained by measuring voltage, as provided

by Ohm's law. (Z = V / i)
 The current clinical method of monitoring electrode impedance in

patients can only determine the overall electrode impedance (Zt)

Tykocinski, M., Cohen, L. T. & Cowan, R. S. Measurement and analysis of access resistance and
polarization impedance in cochlear implant recipients. Otol. Neurotol. 26, 948–956 (2005).

𝑍𝑍𝑍𝑍 = 𝑍𝑍𝑍𝑍 + 𝑍𝑍𝑍𝑍

𝑍𝑍𝑍𝑍 =
𝑉𝑉𝑉𝑉
𝑖𝑖 +

𝑅𝑅𝑅𝑅 1 − 𝑒𝑒( −𝑡𝑡
𝑅𝑅𝑅𝑅∗𝐶𝐶𝐶𝐶)

𝑖𝑖
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Presenter
Presentation Notes
But cochlear implants are unable to directly assess impedance. It can be obtained by measuring voltage, as provided by Ohm’s law. The current clinical method of monitoring electrode impedance in patients can only determine the overall electrode impedance (CLINICAL IMPEDANCE Zt). But under this clinical impedance there are some hidden values which can help us to better understand what’s going on inside the implanted cochlea. Those values are the access resistance Ra and the polarization impedance (Zp formed by Cp and Rp). Tykocinski et al. modeled the CI electrode-electrolyte interface as a resistor and capacitor in parallel (polarization impedance), and the bulk tissue resistance as a resistor in series (Ra). the voltage response to an electrical stimulus shows an abrupt rise in the voltage response waveform at the onset of the current pulse, which is the voltage drop across the resistive component between the stimulating and return electrodes: access voltage (Va). This is followed by a more slowly rising voltage limb, which represents the voltage developed across the electrode-electrolyte interface, the polarization voltage (Vp) of the electrode. The overall electrode voltage is the sum of access and polarization voltage (Vt = Va + Vp) Given sufficiently detailed recording of the voltage waveform, as we propose with the software used in this paper, the data can be used to calculate not only the clinical Zt but also the access resistance (Ra), polarization impedance (Zp) and their subcomponents, polarization resistance (Rp) and polarization capacitance (Cp). It would therefore be clinically valuable to be able to determine the contribution of Ra, Cp and Rp to the overall clinical impedances in cochlear implant patients, to gain more insight into the postoperative processes within the implanted cochlea.



Evaluate the effect of the use of a single dose
topical dexamethasone during CI surgery with a
novel daily in-vivo real-time remote method to
measure and calculate overall electrode
impedance and its subcomponents in cochlear
implant recipients.

Objective
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Material & Methods

20 patients
Profound SNHL
CI candidates

Control Group
n = 10

Cochlear Nucleus CI24RE CA / CI512
Contour Advance electrode array

This study was approved by the Human Research
and Ethics Committee at the Hospital Italiano de
Buenos Aires, IRB00010193

Clinical Trial
Randomized, double-blind, placebo-control study

Intervention Group
n =10

Saline Solution Dexamethasone 20 mg/ml
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Presenter
Presentation Notes
The study was approved by the Human Research and Ethics Committee of our Hospital. 20 cochlear implant patients were recruited for the current study. All of them underwent implantation with the conventional Cochlear Nucleus CI24RE Contour Advance electrode array. Patients went double blind randomized in two groups. In 10 of them we used Saline Solution during de CI procedure (control group) and in the other 10 patients with introduce DEX during CI surgery as soon as we get access and sufficient exposure of the RW membrane we full filled the middle ear with the solution. Then we moved back to the soft tissue pocket, put the receptor-stimulator and finally before insertion we also wet the electrode with the same solution. We procced with the opening the cochlea and with the insertion with the same soft surgery technique. All insertions were performed using eRW approach by the same surgeon.



Cochlear Implant Data Collector Software (CIDC)
Patients are instructed to measure themselves 2 times per day from the day of surgery to the day of activation
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The “Cochlear Implant Data Collector” (CIDC) is a patient- administered software application designed and validated specifically to obtain data from Cochlear Implant users and to communicate with the Cochlear Implant through a Cochlear Ltd. Programming Pod and a Cochlear Freedom Speech processor. A sequence of data acquisitions is performed on the implant. All measured values and context information (in particular, all parameters used to perform each individual measurement) are stored in a local database and uploads to a cloud database-server. This server is managed and maintained by the researchers.



1936 values

Stimulation Modes & Measurement Sequences

Stimulus parameters:
Current level: 80 (74.21 uA)
 Pulse width: 60 uS
 Inter-phase gap: 12 uS
 Period: 333.4 uS (freq. 3 KHz)

Voltage measurements:
 22 measurements / input pulse
 4 modes
 22 electrodes
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The implant generates a charge-balanced biphasic constant current pulse from an electrode contact through the surrounding medium and returns even on the ball ground electrode (MP), on others electrodes in short circuit as a common ground (CG), or other electrode (3P or 4P) depending on the parameters previously specified. This defines different stimulation/measurement modes. Stimulus is defined by several parameters including amplitude (current level), phase width, interphase gap and period. All of this values were configured and stored on the cloud by the CIDC software. Here are the stimulation parameters that we used for the current study. We performed 22 measurements for every input pulse delivered, so using the 4 modes and the 22 electrodes we had around 2 thousand values per patient. With this values we have the sufficient resolution to plot the voltage response. It tooks around 5 minutes for the patient to complete the each measurement.



Ra, Cp, Rp

Cochlear Implant Data Analyzer Software (CIDA)
Automatic calculation of Access Resistance and Polarization Impedance

Di Lella et al. Otology & Neurotology: June 2019 - Volume 
40 - Issue 5S - p S18–S22
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Presentation Notes
We also developed an application called Cochlear Implant Data Analyzer (CIDA) which is capable of connect to CIDC cloud database, identify a cochlear implant
serial number and calculate the Ra, Cp and Rp values of a certain cochlear implant number, and returns a desktop “.CSV” text document file with this information.
For the calculation, with this custom made tool and a mathematical analysis, we are able to calculate Ra (equation (1)) and polarization component in every specific
electrode in different modes (MP, CG, 3 point and 4 point), thus in every specific region of the cochlea on previously implanted patient.
By using the previous stimulation strategies different portions of the cochlea are assessed. Furthermore measurements made between electrodes not used for electric stimulation avoids the distortion of the electrode fluid interphase. For the calculi of Cp, we use the pending of the negative exponential curve after the
initial rise in voltage. Based on the tangent of the angle theta (θ) we can calculate Cp (2). The resistive polarization component (Rp) is based on a trial and error algorithm.



Results: Definite pattern progression
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Presenter
Presentation Notes
Here are the results. A definite pattern progression of both, the Ra and the polarization component were seen. Overall impedance and access resistance values were minimum in the immediate postoperative period and rose rapidly in the first seven days. Afterwards the values continued to increase at a slower pace. On the contrary Cp values had the opposite behavior with high values at implantation time.  Furthermore, Ra increase and Cp decrease in 30 days were significative in all electrodes. However, the variation was not equal for all electrodes. Colorimetric of the different values of Ra and Cp are plotted in a spiral graph for both groups, simulating the electrode array length into the cochlea. 



Results

Zone 1: electrodes 1 & 2
Zone 2: electrodes 3 to 7
Zone 3: electrodes 8 to 12
Zone 4: electrodes 13 to 17
Zone 5: electrodes 18 to 22

E1 E22

Zone 1

Zone
2

Zone 3 Zone 5

Zone
4

Apical

Basal

Di Lella F et al. -- Clinical Trial on the Capacitive Component of Electrical Impedance in the Cochlea and the Effect of Topical Dexamethasone in Cochlear Implant Surgery

Changes are more important at the level of the basal turn of the cochlea (electrodes 1 & 2), which resulted in dividing the cochlea into 5 zones for the study

Presenter
Presentation Notes
Thus the variation was not equal for all electrodes along the electrode array, we divided it in 5 zones, from the base to the apex.



Results

 Groups comparison using Shen & Faraway test.

 There seems to be significant differences in basal electrodes (1 & 2) between
both groups for both Ra and for Cp (p < 0.05)

 This difference seems to be only observable during the first 10 days
postimplantation, to later reach similar values in both group.
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Zone 1: electrodes 1 & 2.
Zone 2: electrodes 3 to 7.
Zone 3: electrodes 8 to 12.
Zone 4: electrodes 13 to 17.
Zone 5: electrodes 18 to 22.

Zone 1: electrodes 1 & 2Zone 1: electrodes 1 & 2
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Discusion
 The inflammatory response produced after cochlear implantation promotes

fibrotic tissue deposition around the electrode array which can also impair
electrode impedance and post implantation hearing outcomes.

 Protein adsorption onto the material surface is the first reaction that occurs to
medical devices implanted in the body (Tang and Eaton 1999, Shen and Horbett
2001), and same reaction is observed for electrodes implanted into the fluid-
filled scala tympani of the cochlea. Such adsorption of protein is also likely to
increase electrode impedance. Newbold et al (2010) demonstrated that protein
adsorption increased the polarization component of electrode impedance
when measured with biphasic current pulse. Franks et al (2005) showed that
coatings of laminin and poly-l-lysine on platinum electrodes resulted in a
reduction of the capacitance measure, thereby increasing the overall electrode
impedance.

 Choi et al. (2017) reported that a rise of electrode impedance would likely start
in the basal turn of the cochlea.
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Published: February 3, 2016
https://doi.org/10.1371/journal.pone.0147552
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The highest levels of fibrous tissue growth were detected in the basal region of the cochlea, in the vicinity of the round window niche

Good correlation between impedances and intracochlear fibrosis

Discusion

https://doi.org/10.1371/journal.pone.0147552


Conclusions
 This method has proven to be useful for the safe and remote

assessment of the electrical impedance components in cochlear
implant recipients.

 Single dose of topical dexamethasone during CI surgery seems to
be useful to modulate the inflammatory reaction only in the basal
turn of the cochlea and only for the first postoperative week.

 Ra values could help to better understand the fibrosis reaction
inside the cochlea. We confirm a significant increase in Ra from the
surgery to the CI activation, specially on the basal turn of the
implanted cochlea.

 Polarization impedance, specially measured by Cp, may provide
important information about the initiation of the complex
inflammatory response that occurs inside the implanted cochlea.
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Further developments

• Use of patient-administered impedance tests for long term cochlear health
assessment after cochlear implants is a promising field to improve outcomes
and also for drug effect monitoring.

• A multi-center clinical trial to evaluate daily impedance changes with the
use of systemic steroids and also the correlatation with hearing preservation
is currently on development at our center. Results will be available shortly.
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Thank you for your attention
Di Lella, Federico A; Fernandez, Florencia; Parreño, Matias & Boccio, Carlos M

federico.dilella@hiba.org.ar
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