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Public Abstract

An estimated 1 million adults in the United States (160,000 veterans) are blind as a result of retinal degenerative diseases.
Currently, there are no cures or treatments available for these patients. Several research groups have established that
electrically stimulating the surviving retinal cells of blind subjects elicits light percepts. This is significant because it indicates
that surviving retinal neurons remain viable. The challenge now is to stimulate these cells in a way that elicits meaningful
vision. 

To accomplish this, we are developing prosthetic stimulation methods that generate patterns of activity in retinal neurons.
Specifically, we are trying to replicate the patterns of neural activity normally generated by light. This is challenging, however,
because normal light-elicited patterns of activity have complex spatial and temporal properties. In previous work, we
developed a method to precisely replicate the temporal properties of normal light patterns. Here, we are studying means to
replicate the spatial properties. One of the challenges we face is that adjacent cells are typically of different subtypes and
therefore respond with different activity patterns to the same light stimulus. This means the prosthetic must create different
responses in adjacent cells. 

To accomplish this, we want to develop methods that selectively activate individual neural subtypes. As a first step, we are
studying how each of the different retinal neurons responds to electric stimulation. Our underlying hypotheses are that the
response to stimulation is different in each subtype and that the response differences arise from variations in morphological 
and biophysical features across subtypes. Our preliminary data (from three subtypes) indicate that the response properties
are different: both somatic and dendritic threshold levels vary across subtypes. We plan to characterize these differences for
all subtypes and then correlate the morphological and biophysical properties of each with its response properties. This will
form the basis for understanding the mechanisms that underlie threshold, and will lead us to methods that selectively activate 
individual subtypes. 

Our work has both short- and long-term relevance. Results we have obtained so far shed light on which retinal cells are
activated during human clinical trials. This is important because it suggests that we may not be activating the cells we were
originally targeting. Our study will confirm the subtypes that are activated by stimulation, and we will use this information to
improve stimulation methods in the next rounds of testing. Longer term, our results will lead to improved designs for
next-generation prosthetic arrays as well as more effective stimulation methods; this will improve the quality of vision restored 
to blind patients. 

In addition, our results will have broad applicability to other prosthetic applications in which selective activation of specific 
neural subpopulations improves the desired outcome. These include auditory, brain stem, balance, voice, and neuromuscular
prostheses. Finally, our findings will lead to powerful new methods for answering basic questions about the visual system.
For example, information from the retina to visual cortex is thought to be transmitted via separate parallel channels. The
visual signals conveyed by each channel remain unresolved, as do the relationships between channels. However, each
channel arises from one of the retinal subtypes, so that our ability to selectively activate individual subtypes will provide a 
means to probe the function of these channels.
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