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Abstract

Background: Surgery for applying the auditory brainstem implant is an otoneurosurgery that requires careful
intraoperative monitoring to optimize the placement of the electrode paddle. This study aimed to validate a new method
capable of increasing the accuracy of electrode array placement, reducing channel interaction, electrical artefacts, and
saturation effects, and providing the largest number of electrodes that can be activated with the lowest possible electric
charge.

Materials and methods: Thirty-six subjects aged between 1.42 and 69.92 years were tested during surgery for
auditory brainstem implantation. We recorded auditory electrical responses of the brainstem using the implant supplier's
suggested stimulation protocol and the new protocol.

Results: Saturations effects and electric artefacts were noticed respectively in 81.85% and 53.25% of recordings using
implant supplier's method, while in 70.34% and 24.75% of recordings using the new method, with a percentage
variation of 11.51% and 28.50%. Considering the amount of charge required to activate the electrodes, with the implant
supplier's method an average charge of 14 nC was needed, while with the new protocol an average charge of 8 nC was
necessary.

Conclusions: The new method improves the coupling between the auditory brainstem implant and the surface of the

cochlear nucleus.
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Introduction

The auditory brainstem implant (ABI) represents a device that effectively
restores auditory sensations in patients with NF2 and acoustic neuromas.
Its application was extended to children and adults with injuries or
malformations of the cochlea and cochlear nerve, who are not eligible for
a cochlear implant [1], [2].

The use of electrophysiology, in particular of the electrical auditory
brainstem responses (EABR), is known to facilitate electrode plate
placement during ABI implant surgery [3], [4], [5].

Waring optimized pacing and recording parameters to achieve efficient
EABR monitoring during surgery [6], [7]. Achieving efficient monitoring
means being able to recognize the waveforms of auditory responses and
distinguish them from the current of stimulation and other evoked
potentials that could result from stimulation of nearby non-auditory
anatomical structures.
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Many authors have tried to define the optimum EABR monitoring
procedure and to correlate its results with the auditory outcomes [8], [9],
[10], [11], [12], [13].

Nevison et al. [8] demonstrated that achieving good intraoperative
EABRs is not related to the performance of implanted patients, but
subjects who achieve good EABRs also have postoperative auditory
sensations. Furthermore, they reported the presence of non-auditory
sensations during ABI programming in 92.3% of cases. This means that
the number of usable electrodes varies significantly between subjects, and
that an imperfect coupling of the electrodes with the cochlear nuclei can
more easily induce the excitation of non-auditory stimulations.

This study aimed to validate a new method capable of increasing the
accuracy of electrode array placement, reducing channel interaction,
electrical artefacts, and saturation effects, and providing the largest
number of electrodes that can be activated with the lowest possible
electric charge.
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Materials and Methods

Surgical and electrophysiological procedures were approved by the Ethics
Committee of VVerona Hospital. For these procedures, an informed written
consent was acquired from the patients and children’s parents. This study

Copy rights@ Sheila Veronese et.al.

was carried out in accordance with the Declaration of Helsinki.

Thirty-six ABI subjects aged between 1.42 and 69.92 years were tested
during ABI implantation surgery. They presented different aetiologies
(Figure 1). The chosen implant was the Cochlear Nucleus ABI24M
(Cochlear Ltd., Sydney, Australia), for all the patients.

Etiology

Figure 1: Aetiologies of the patients’ group. Of these patients, 19.44% presented cochlear nerve aplasia, 16.89% trauma, otosclerosis and NF2,
11.11% acoustic neuroma, 8.33% ossification, 5.56% Mondini type Il syndrome and neuropathy, 2.28% (1 patient) Cogan syndrome, carotid
malformation and genetic.

The electrodiagnostic system Amplaid MK12 (Amplifon SpA, Milan,
Italy) was used to record auditory evoked potentials. For EABR
recording, the positive electrode was placed on the forehead, the negative
electrode on the ipsilateral tragus and the ground one on the sternum.
Short recording electrode wires were used to reduce electrical
interference. The electrodes wires were connected directly into an

electrode head-box that was connected to the main amplifier. The use of
this montage is different from the montage described by Waring [6]. It
was chosen because it consistently reduces stimulus artefacts (Figure 2).
The recorded signal was filtered with a band pass filter ranging from 100
to 2500 Hz. Approximately 500 — 1000 responses were averaged to
achieve a good signal to noise ratio.
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Figure 2: EABR obtained with electrode 10 as active electrode and electrode 11 as reference electrode. Waveforms are comparable. Before 1 ms, an
electric artefact is presented with both recording electrodes configurations, but appears reduced in amplitude with the new combination.
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Stimulation of the ABI was executed using a Cochlear’s Portable
Programming System (PPS) connected to a SPrint speech processor.
Stimulation was controlled via Nucleus NRT 3.1 software. The averager
was triggered by directly connecting the 3.5 mm jack plug from the PPS
to the external trigger input of the electrodiagnostic system. The speech
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processor was placed within a sterile sheath and the coil was positioned
over the receiver antenna of the implant after ABI insertion.

Twenty-two patients were tested with the Cochlear suggested
combination of electrodes [13], [14], fourteen with a new electrode
combination (new protocol — Figure 3).

Figure 3: Electrode combinations for confirming correct electrode placement. (a) central electrode combinations to evaluate longitudinal and
transversal tilt; (b) edge electrode combinations to evaluate rotational and transversal shift; (c) lateral electrode combinations to evaluate
longitudinal shift.

The new protocol starts recording EABR from electrode 13 (Figure 3a),
which has the highest probability to be over the cochlear nucleus surface
(EABR response was obtained in 93.1% of recordings, considering
electrode 13 as active electrode). Electrode 13 is stimulated with

electrodes 11, 12, 14 and 15 as reference electrodes to quantify
longitudinal and transversal tilt of the array by evaluating peaks
magnitudes (Figure 4): the smaller the amplitude, the higher the
threshold, the higher the distance from the surface of the cochlear nucleus.

(@) (b)
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Figure 4: (a) Comparing EABR magnitude of electrode 13 stimulated with electrodes 11 and 14 or of electrode 13 stimulated with electrodes 12 and
15 it is possible to evaluate the longitudinal tilt of the array; (b) comparing EABR magnitude of electrode 13 stimulated with electrodes 11 and 12 or
of electrode 13 stimulated with electrodes 14 and 15 it is possible to evaluate the transversal tilt of the array.
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The amplitudes analysis of EABRs recorded from the edge electrodes of
the array (Figure 3b) permits to quantify both the rotational shift and the
transversal axis of the array respect to the cochlear nucleus surface.
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Instead, EABR recordings from the lateral electrodes of the array (Figure
3c) clarifies the longitudinal axis of the array respect to the axis of the
cochlear nucleus.

Software Parameters

Settings

Stimulation Mode

BP (change active and indifferent)

Stimulation Modulation Type

Current Levels (CL)

Stimulation Pulse Width

150 ps

Stimulation Rate

25 Hz

Current Level

190 CL (469 pA — 704 nC)

Table 1: Settings for the software.

Software parameters are reported in Table 1. All electrode combinations
were stimulated with alternate current so to cancel the stimulus artefact.

In order to evaluate only the acoustic response (without components of
other cranial nerve stimulation, usually presented after the first 4 — 4.5
ms), patients were anesthetized with curare (Figure 5).
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Figure 5: Effects of utilization of curare in EABR recordings. The presence of curare in trace 1 consistently reduce myogenic component at 6.4 ms.

Data were analyzed from the morphological point of view, in terms of
number and amplitudes of the peaks in each recording, and considering
the presence of saturation effects and of electric artefacts.

Activation occurred from 27 to 67 days from the surgery. The amount of
charge needs to elicit the acoustic response was compared.

In all patients, intraoperative EABR were recorded, obtaining 507
waveforms with Cochlear electrodes combination and 917 waveforms
with the new procedure. Table 2 summarized the characteristics of both
protocols” waveforms. Respectively, in 6.13% (Cochlear pr.) and 6.67%
(new pr.) of cases, it was impossible to obtain an acoustic response. Most
frequently a 2-peaks wave was obtained with both procedures. A
significant reduction (3.54%) of 1-peak waves was noticed with the new

Results protocol, while there was an increase of 2.29% in 3-peak waves presence.
peaks Cochlear protocol new protocol
0 6.31% 6.67%
1 28.60% 25.05%
2 48.13% 49.02%
3 16.96% 19.26%

Table 2: Waveforms distinguished by number of presented peaks.

In Figure 6, peaks in each waveform are shown, considering the standard
latencies of 0.7 ms (0.6 ms — 1.1 ms) for the first peak, of 1.6 ms (1.2 ms
— 1.9 ms) for the second peak and of 2.7 ms (2.2 ms — 3.7 ms) for the
third peak [7]. Peak Il was the most dominant and reliable peak for both
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methods. Peak | was detected 31.08% of times with the new protocol with
a decrease of 6% respect to Cochlear protocol. Using the new protocol
peak Il was identified in 71.76% of recordings (10.81% more than using
Cochlear protocol).
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Figure 6: Peaks characterization in the recorded EABR waveforms.

Examples of EABR recordings of the same subject are shown in Figure
7. In Table 3, mean amplitude values of different peaks are presented.
Magnitude of these waves is larger using Cochlear method. Particularly,
this is evident for peak I. In Figure 8 is shown the EABRs recorded with
an electrode combination in witch distances between the active and
reference electrodes are progressively reduced. It is clear that shorter is
the distance, lower is the magnitude. This means that enlarging the
distance between the electrodes a larger number of fibers are elicited and

so in the recorded response a sizeable component of other electrodes is

resented.

Peaks (nV)

Cochlear protocol

724 667 389

new protocol

298 507 309

TABLE 4: Mean magnitudes of EABRs peaks.

Cochlear protocol

new protocol
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Figure 7: EABR recordings obtaining with Cochlear and the new protocols.
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Figure 8: Effects of channel interaction on peaks magnitude: shorter is the distance between active and reference electrodes, lower is the magnitude

of peaks. In this case, magnitude of EABR obtained stimulating electrode 21 with electrode 2 appears lower respect to magnitude of EABR obtained

from electrode 18 stimulated with electrode 5 because electrode 21 is out of the auditory area. This leads to conclude that the recorded response is
only composed by the other electrodes’ contributions.
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Figure 9: Percentages of saturation effects and electric artefacts present in EABR recordings in Cochlear and the new combination of electrodes
protocols.

Figure 9 describes the percentage of EABRS presenting saturation effects
and/or electric artefacts. Saturations effects and electric artefacts were
noticed respectively in 81.85% and 53.25% of recordings using Cochlear
method, while in 70.34% and 24.75% of recordings using the new
method, with a percentage variation of 11.51% and 28.50%.

Tuning of the implants was performed in intensive care unit. Patients were

seated in a comfort position and connected to ECG monitoring equipment
to supervise their heart rhythm.
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At activation of ABI, the amount of charge required resulted of 14 nC (SD
=30, max = 137 nC, min = 3 nC) for the patients tested with the Cochlear
method, and of 8 nC (SD = 8, max = 29 nC, min = 2 nC) for the patients
tested with the new method.

Discussion

In order to increase the accuracy of the evaluation of the electrodes array
placement a new procedure was developed. Aim of this procedure was to
reduce channel interaction, electric artefacts and saturations effects. At
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the same time, it was intended reduce the amount of electrical charge
needed to activate the electrodes post-operatively.

During ABI insertion EABR were recorded with both Cochlear suggested
electrodes combination and a new combination of electrodes.

Responses were obtained in the same percentage for the two methods. It
is interesting the reduction of 1-peak waves noticed with the new protocol
and the increase of 3-peak waves. That is, waveforms appear to be more
evident.

Analyzing the different peaks, peak Il was the most dominant and reliable
for both methods. A significant reduction of peak | detection was
observed as an increase of peak III detection. But data didn’t confirm this
hypothesis. On the contrary, they underlined the reductions of both these
interferences. Changing perspective, it might be interested to evaluate
waveforms obtained with Cochlear electrode combination. Enlarging the
distance between the electrodes a larger number of fibers were elicited
and so in the recorded response a sizeable component of other electrodes
was presented. At this point the question was: was it possible that the first
peak was due to channel interaction? Looking at the effect of channel
interaction on peak magnitude (Figure 8) it can be assumed that other
electrode components determined the more extensive presence of peak |
in Cochlear protocol recordings.

The increase in peak 111 detection observed with the new procedure was
explained by the saturation effect reduction.

The new procedure appears to ensure that the electrodes are stimulated
with a lower current charge. And this means that the coupling obtained
with the cochlear nucleus surface is better with the new procedure, being
the ABI implant closer to the nucleus itself.

Conclusion

The new procedure appears to ensure that the electrodes are stimulated
with a lower current charge. And this means that the coupling obtained
with the cochlear nucleus surface is better with the new procedure, being
the ABI implant closer to the nucleus itself.
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