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Introduction

The multi-mode grounding / hybrid common ground Is a the stimulating electrode to an extracochlear electrode (the
stimulation type of cochlear implants. It combines the current reference electrode) placed between the skull and scalp. It
pathways of two stimulation types: the monopolar and the consumes less energy and leads to high dynamics. But also has a
common ground. higher spatial current spread due to the long distance between the

In the common ground mode, the stimulation current passes from stimulating and grounding positions.

one intracochlear electrode (the stimulating electrode) to all the In theory, the multi-mode grounding can lead to a compromise
other electrodes on the array. The actual current distribution is between the current focality and the efficiency of the stimulation.
heavily influenced by the position of the stimulating electrode. Even if this stimulation type has already been adopted by some

_ _ _ iImplant manufacturers, its actual current pathway remains to be
Whereas in monopolar mode, the stimulation current flows from studied.
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(a) common ground (b) monopolar (c) multi-mode grounding
Figure 1. Current pathways of 3 different stimulation modes. ©: stimulating electrode; © : reference electrode

Methods

The study Is two-fold. First, we conducted an in-vitro experiment aimed
to measure the potential field produced by the multi-mode grounding.

An electrode array of an XP implant (Oticon Medical, Neurelec) was
placed in a 3-D printed container filled with saline solution (figure 2(a)).
A probe driven by the printing head of a 3-D printer (figure 2(b)) moves
near the array to record the voltage distribution in the saline during the Féleé‘i?g\dcee EVO electrode array
stimulation. The position of measure points is shown in figure 2(c). The

distances between the points are 0.05mm in each column and 0.2mm in
each row.

Second, to make an in-situ measurement of the current distribution in
the cochlea, another XP device with the electrode was implanted into a
human specimen. The measuring system shown in figure 3 made
recordings of the current strength on each electrode during the multi-
mode grounding stimulation.
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Results

The waveforms of multi-mode grounding stimulation measured in vitro recorded at the points Iin figure 2(c). The anodic peak Is the
are shown in figure 4. stimulation phase while the cathodic peak is the passive discharge
In the stimulation phase, the stimulating electrode sends out constant phase. The latter shows a more focused current distribution. Two
current while the blocking capacitors of the non-stimulating electrode stimulating positions: the 1st(basal) and the 10th(middle) electrode
get charged by the returning current. In the passive discharge phase, are shown in the figure.

all the electrodes are connected to the ground to let blocking Figure 6 gives the distribution of returning current on the non
capacitors get discharged through the cochlear tissue. stimulating electrodes from in situ measurements. Electrode 1-3 were
Figure 5 is plotted by measuring the peak of the two phases in figure 4 not inserted into the cochlear during the experiment.
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Figure 4. Stimulation waveform measured from: . .
. . _ Figure 5. Voltage distribution along the electrode . . .
(@) near a stimulating electrode; . . . Figure 6. Returning current distribution from
. : array. d is the radial distance from the electrode. L
(b) near a non-stimulating electrode In situ measurements

Conclusion
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Compared with common ground stimulation, multi-mode grounding shows better consistency in the stimulation amplitudes across different electrodes.
In terms of spatial voltage distribution, the stimulation phase is between the common ground and monopolar while the passive discharge phase is
similar to tripolar stimulation. In situ measurements show around 25% of the stimulation current returns through the reference electrode.
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