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Electrical stimulation of the visual system might serve as the
foundation for a prosthetic device for the blind. We examined
whether microstimulation of the dorsal lateral geniculate nucleus
of the thalamus can generate localized visual percepts in alert
monkeys. To assess electrically generated percepts, an eye-
movement task was used with targets presented on a computer
screen (optically) or through microstimulation of the lateral genic-
ulate nucleus (electrically). Saccades (fast, direct eye movements)
made to electrical targets were comparable to saccades made to
optical targets. Gaze locations for electrical targets were well
predicted by measured visual response maps of cells at the elec-
trode tips. With two electrodes, two distinct targets could be
independently created. A sequential saccade task verified that
electrical targets were processed not in motor coordinates, but
in visual spatial coordinates. Microstimulation produced predict-
able visual percepts, showing that this technique may be useful for
a visual prosthesis.
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he motivation to create a visual prosthesis is to restore sight

to those who have become blind because of trauma of the eye
or diseases such as glaucoma, macular degeneration, and retinitis
pigmentosa. In these cases, the eye has ceased functioning as a
sensory organ, but the remainder of the visual system is largely
intact. By bypassing the eye and introducing appropriately
processed externally generated signals into the visual path, the
hope is that an analogue of vision can be created.

Research efforts in visual prostheses can be split into two
broad approaches: those in which healthy retinal neurons are
stimulated (1, 2), and those in which visual cortical neurons are
stimulated (3-5). Retinal approaches have enjoyed some success,
but have been hampered in part because of retinal fragility,
which complicates implantation, and retinal architecture, which
complicates electrical stimulation. Epiretinal devices, in which
stimulating electrodes are placed on the vitreous surface of the
retina adjacent to retinal ganglion cell bodies and axons (6), are
currently being tested in human volunteers. Subretinal devices,
in which stimulating elements are placed in the space behind the
photoreceptors, are also being pursued, although one of the most
advanced projects (7) is attempting to assist low-vision patients
rather than restore sight to blind individuals.

Although cortical approaches have a long history of human
experimentation (6, 8), the bulk of recent development has been
in the cat and monkey (reviewed in ref. 9). One limitation of the
cortical approach is that the representation of visual information
becomes quite complex in the primary visual cortex (V1), such
that evoked percepts may be quite different depending on the
precise location of the stimulating electrodes. Cortical implants
have also been limited by the large extent and vascularity of V1.
Finally, the foveal portion of V1 in humans, representing the
central part of visual space, is sometimes found buried in the
interhemispheric fissure (10, 11), complicating the implantation
of stimulating devices.

Our approach is to place stimulating electrodes in the dorsal
lateral geniculate nucleus (LGN), the part of the thalamus that
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relays signals from the retina to V1. The LGN holds promise as
a target of electrical stimulation for four reasons. First, the
receptive fields (RFs) of LGN neurons are simple, well charac-
terized (12), and similar to those in the retina. Stimulation of a
small number of LGN neurons should achieve simple, focal
percepts. Second, it has a macroscopic segregation of functional
streams, in particular, the magnocellular and parvocellular path-
ways. Third, a single small craniotomy would provide access to
neurons whose responses lie throughout the entire visual field.
Unlike the retina, the fovea and parafovea are overrepresented
spatially in the LGN, so that a dense sampling of neurons with
central visual fields is possible. Unlike V1 in humans, the foveal
representation is equally accessible as the periphery. Fourth, and
perhaps most importantly, surgical access to the LGN would
require relatively minor modifications to implant techniques
currently used in human patients, because the LGN is physically
adjacent to areas targeted for deep brain stimulation, a form of
therapy for movement disorders such as Parkinson’s disease (13,
14). Building on techniques already brought to clinical accept-
ability would ease the task of developing an LGN-based device.

We wanted to establish the feasibility of artificially creating
visual percepts through electrical stimulation in the LGN. Our
experiments were performed in alert monkeys so that we could
use a behavioral report to assess the effects of stimulation. To
determine what a monkey sees when electrical stimulation is
applied to the LGN, we took advantage of the natural primate
reaction to look at any suddenly illuminated point of light. This
response was used to train monkeys to perform quick, direct eye
movements, known as saccades, from one visual target to
another. Our findings support the idea that electrical micro-
stimulation in the LGN creates visual percepts, or phosphenes,
that are interpreted as normal visual events.

Results

On a daily basis, we placed a microwire bundle electrode, or
tetrode (15), in the LGN and mapped the visual responses (RFs)
of cells for a given location of the electrode (16). We then used
a center-out saccade task where the animal was required to sit
in front of a computer screen and was rewarded for making
saccadic eye movements from a central fixation point of light to
a target point a short distance away. Trials with optical targets
were interleaved with less frequent electrical-stimulation trials
(and unstimulated trials, or blanks) to see whether the animal
would treat electrical percepts in the same manner as the screen
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