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SOLARIS, a new kind of visual prosthesis in patients with retinal degenerative diseases.
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The loss of neural functions is mostly not repairable, because of the restrained regeneration
ability of neuronal tissue. At present nearly 3 million people world-wide and 40.000 people in
Germany suffer from blindness because of retinal degenerative diseases (retinitis pigmentosa
and macular degeneration). Most of these diseases are transmitted and since until now no
causal therapy exist, it is necessary to treat the symptoms.

There are several ongoing projects for restoration of visual function. In principle, retinal im-
plants (subretinally and epiretinally) are developed together with a technical system transform-
ing tones of brightness into electrical signals.

In contrast, the target area for the SOLARIS-project is the optic nerve, not the retina, also
using a technical system to transform tones of brightness into electrical stimuli. It is well
known, that a selective stimulation of nerve fibres within a nerve can restore neuronal func-
tions. For this the histological examination of the nerve is necessary.

In our experiments we tested the cat optic nerve. It is 2-3 mm in diameter and surrounded by
epineurium resulting in a total diameter of 5-6 mm. The nerve consists of different myelinated
nerve fibres. The distribution of axon calibre is nearly bimodal, with a range between 0.5 to 3
µm and peaks at 0.8-0.9 µm and 1.8-2.2 µm (inner diameter). The nerve is subdivided by con-
necting tissue in nerve fascicles. Within these fascicles myelinated fibres lay in the centre of the
bundle, axons with low myelin layer or so called not myelinated were seen at the border of the
bundle. The stimulation of nerve fibres by electrodes is highest adjacent the electrode with a
great decrease of stimulation remote from the electrode. This stimulation is not very selective.

For the diameter and space selective stimulation of the optic nerve we developed a scanning-
cuff electrode of high plasticity with a special arrangement of electrical contacts. Basic for the
new developed electrode are bio-compatible materials (polyimide, silicon). Three layers of
polymer-foils build the carrier for the electrodes. The two outer layers consists of polymer-foils
with high E-module, the inner layer consist of an elastomer with a low E-module. Electrodes
and wires were placed on this carrier using vacuum deposition and photo-lithography tech-
niques. The electrodes and wires were overcoated by a thin silicon layer. With a specific tech-
nique the electrode-contacts were laid bare. Due to the properties of the laminate (the thick-
ness of the stack of layers is below 100 µm!) this electrode has a great plasticity. It is self-
sizing not only for round nerves, but also for other nerve profiles and can be applied without
injury of the nerve (fig.: 1a, 1b).
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Fig.: 1. Self-sizing dualselective scanning electrode. 1a. Scheme of the unrolled electrode. 1b.
Intra-operative view with electrode surrounding the left optic nerve.

The scanning electrode consists of two external ring-electrodes and 6 axial electrodes between
the ring-electrodes around the nerve. Combined with an electronic system these electrodes can
synchronous be activated with multiple-trapezoidal signals and so stimulate diameter and space
selective.

In one of the first experiments with this specific cuff-electrodes we observed a damage of the
tissue in front of one of the axial electrodes, due to very high stimulating currents with prepuls
technique. The high current was applied with the aim to activate neurones remote from the
electrode. A more gentle method to stimulate axons remote from the electrode without stimu-
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lating axons adjacent to the electrode without destruction of tissue is possible by using the
principle of „temporal summation". By giving impulses from different directions below thresh-
old in short intervals, ionic channels in the membrane of nerves adjacent the electrical contact
will be inactivated, and thus block the generating of an action potential.
With the specific electrode arrangement of our „scanning-electrode" such impulses below
threshold can be given from each of the electrodes. So we can focus the stimuli remote the
electrode without stimulation of axons adjacent to the electrode.

To model this stimulation concept, we applied the Finite Element Modelling  (ansys 5.4) for
calculation of potential distribution in the nerve. For this we used the results of the histological
examinations and first experiments. The virtual nerve has a diameter of about 2 mm, with a
homogenous structure and dependent on the formulation of the question with or without epi-
neural tissue (fig 2).

Fig.: 2. Finite Element Modelling (FEM) of the optic nerve.

For the calculation of the distribution of the electrical current in the nerve, different electrode
configuration were tested. At first bipolar stimulation were simulated, with following electrode
arrangements:
- cathode and anode with an angle of 30°, 60° and 180° between each other (fig.: 3a).
Stimulating with these three electrode configuration show no great difference in distribution of
the electrical currents in the nerve. The activation of axons is highest near the electrodes with
an oval spreading between cathode and anode. The voltage drop near the electrodes is very
high, so nerve fibres in the nerve centre were not activated or only fibres with a very low
threshold. The value of the voltage between nearest the electrode and the nerve centre is nearly
7 : 1. The same is seen looking for the longitudinal spreading of nerve fibre activation.
spreading of axons, with a wedge-shaped spreading of axon activation (fig.: 3b).
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Fig.: 3. Computer simulation of optic nerve activation with different electrode configurations.
- bipolar stimulation: 3a. cathode and anode with an angle of 60° between each other
- tripolar stimulation: 3b. one cathode between two anodes with an angle of 90° between each
other. The colour code represents different electrical potentials. On both cathodes there is the
highest negative potential, represented by deep blue, which is although the region of nerve ac-
tivation.

Great differences are seen between stimulation of nerve with and without epineurium. This
tissue mean a great resistance and decrease the voltage between electrode and nerve in the
ratio of 10 : 1. Therefore for "temporal summation " tripol stimulation for different electrode
combinations seems to be the most useful stimulation parameter.

In first experiments selective stimulation of the cat optic nerve induces local field potentials in
defined areas of the visual cortex. Therefore  we used impulses consisting of following single
parameters: form, distance, frequency, current and rhythm of stimulation. The results of these
first experiments show, that a stimulation of the cat optic nerve in this way will induce a visual
field consisting of perhaps 64 picture elements.

The authors gratefully acknowledge the realisation of the first test with this new scanning
electrode in the Institute for Neuroinformatic, Theoretical Biology Ruhr-University, Bochum,
Prof. Dr. von Seelen (D).
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