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Abstract of Thesis

This dissertation details the author’s research findings in the field of visual neuroprosthetics. In recent years,
advances in engineering and surgical techniques have greatly improved the viability of neurobionic devices
that can assist individuals with sensory loss or motor impairment by replacing the function of damaged neural
elements. Worldwide research efforts to create a commercially viable cortical visual prosthesis have greatly
increased. The aim of the author’s work was to help improve the design of cortical visual prostheses by
combining simulation of the visual experience of recipients of cortical visual implants with in vivo

neurophysiology experiments. This dissertation comprises seven chapters.

Chapter 1

Chapter 1 introduces the motivational background and defines the scope of this dissertation. This chapter
describes intracortical visual prostheses and offers a brief overview of the history and current status of

ongoing research projects in this field to place the author’s work in context.

Chapter 2

Chapter 2 describes a system that simulates cortical visual prosthetic vision. The author developed the
simulator’s software. While prosthetic vision simulation studies almost exclusively focus on retinal implants,
this simulator’s model was based specifically on the physiological properties of the human visual cortex
(retinotopic map, cortical magnification). To improve the level of realism offered by the simulator,
characteristics of phosphene vision reported in clinical studies were incorporated into the model, including
irregularities (location, shape), temporal dynamics (fading out, persistence, flicker fusion), phosphene fusion,
electrode failures. This simulator can be used to assess the efficacy of various prosthesis designs (e.g. image

processing, electrode placement).

Chapter 3

Chapter 3 describes the methodology involved in intracortical electrical stimulation and relevant literature.
Voltage-sensitive dye imaging, surgery, intracortical stimulation and data processing methods used in the

experiments are explained.
Chapter 4
Spatiotemporal characteristics of the local primary visual cortex (V1) response evoked by intracortical

electrical stimulation are detailed in Chapter 4. V1 stimulation was found to evoke local activity in V1 that

spread anisotropically, elongated in the anteroposterior direction. High-intensity stimulation induced lateral




spreading that typically engaged the whole of the visual cortex, while response to low intensity stimulation
was localised. Propagation speed analysis data suggested possible mixed direct long-range and slow
multisynaptic horizontal propagation. A widespread inhibition that affected a large area of V1 at the same
time was also found, which was eliminated by a GABAA-antagonist. These results are relevant for prosthetic
implant design as they describe the essential cortical response to electrical pulses, and the reported local
activity patterns are likely to play a role in interactions between multiple electrodes. The author’s work is the
first presentation of the effects of electrical stimulation in the mouse visual cortex using in vivo voltage-

sensitive dye imaging.

Chapter 5

Chapter 5 details the author’s novel findings concerning the spatiotemporal characteristics of interareal
transmission between V1 and extrastriate visual areas. The electrical stimulus evoked multiple responses in
the extrastriate region surrounding V1, with a spatial pattern similar to known visual area maps of the mouse
visual cortex, and it was shown that electrical stimulation respected the visuotopic mapping of visual areas.
Analysis of area latency differences and cortical activity suppressed by tetrodotoxin in extrastriate visual area
LM indicated mixed direct and indirect transmission between V1 and extrastriate areas. These findings are
important for visual prostheses as they show that the electrically evoked response was in several ways similar
to those evoked by visual stimulation, i.e. they propagated to higher visual areas and respected the retinotopic

map of visual areas.

Chapter 6

Chapter 6 presents experimental results with repetitive stimulation. Effects of repetitive stimulation applied
to V1 and LM at various frequencies and intensities were analysed. Results yielded interesting similarities
between measured cortical responses and prosthetic vision, such as fusion of individual pulses into a
continuous signal in area LM at high-frequency V1 stimulation, rapid decline of LM response amplitude
despite ongoing V1 stimulation, and response continuing beyond the end of the stimulus train. These resemble
phosphene behaviour reported by patients in clinical trials. Some suggestions regarding optimal stimulation
parameters (e.g. current intensity, frequency, train length) can also be inferred, with caution, from the

available data.
Chapter 7
Chapter 7 concludes the thesis with a summary of simulation and physiology results, and discuss their

relevance and potential applications in cortical prosthetic implant design. Possible future research directions

are also explored.
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