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The field of visual prostheses has concentrated on two targets for development of an artificial device for restoration of sight, the retina and the primary visual cortex.  The lateral geniculate nucleus of the thalamus (LGN), the relay station between these two areas, has been ignored largely because of the difficulty of surgical approach.  The recent development of deep brain stimulation techniques for addressing pathologies of the midbrain has opened surgical access to the thalamus, and motivates a reconsideration of targets for a visual prosthesis.

With this background, we have performed a series of experiments in an animal model to demonstrate proof of concept for a visual prosthesis based on thalamic microstimulation.  To assess the characteristics of electrically-evoked percepts, we performed a study of LGN electrical microstimulation in awake behaving macaques, using a behavioral report to assess percept size and location.  We used a simple center-out visually guided saccade paradigm where animals were required to foveate a central point and then saccade to briefly presented target stimuli.

While most targets (and all fixation points) were presented on a computer screen, some targets were presented via electrical stimulation applied to fine wire bundle electrodes placed in the LGN.  Trials where the target appeared on the screen were used as a baseline and compared against trials where the target was presented through electrical stimulation. 

Data were collected from three hemispheres of two macaques.  After being trained on screen targets alone, each animal immediately generalized to the electrical targets in the task, consistently saccading to a point in space which corresponded to the location of the previously mapped receptive field of cells at the electrode tip.  Saccade latencies and accuracies to electrical targets were consistent with those to screen targets, suggestive of a perceptual rather than motor effect.  This was verified through a small number of double-saccade experiments.

We conclude that the LGN presents a target for a visual prosthesis with substantial potential for additional investigation and present a line of inquiry for developing such a device.

