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METHODS FOR IMPROVING DAMAGED 
RETINAL CELL FUNCTION USING PHYSICAL 

AND/OR MECHANICAL STIMULATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of non 
provisional application serial No.10/056,793, filed Jan. 23, 
2002, which claims the benefit of provisional application 
serial no. 60/301877, filed Jun. 29, 2001, and both of the 
aforementioned applications are hereby incorporated by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention is directed to generally to 
improving biological cell function and more specifically to 
improving retinal cell visual function in damaged and/or 
degenerated retinas and also to protecting retinal cells from 
degeneration. 

BACKGROUND 

0003) Certain biological chemical compounds such as 
nerve growth factors (NGF), neurotropins, brain-derived 
neurotrophic factors (BNDF), fibroblastic growth factor 
(FGF), glial cell line-derived neurotrophic factors (BDNF), 
and numerous other Similar biological chemical compounds, 
all collectively known as Survival-type factors can slow 
down the process of cellular degeneration in a number of 
biological degenerative diseases, Specifically in retinal 
degenerative diseases and also promote cellular growth in 
other situations. 

0004. In studies, the application of Survival-type factors 
was found to promote and maintain certain retinal cellular 
functions. For example, brain-derived neurotrophic factor 
(BDNF), neurotrophin-4 (NT-4), neurotrophin-5 (NT-5), 
fibroblastic growth factor (FGF) and glial cell line-derived 
neurotrophic factor (GDNF) have been shown to enhanced 
neurite outgrowth of retinal ganglion cells and to increase 
their Survival in cell culture. GDNF has been shown to 
preserve rod photoreceptors in the ra/rd mouse, an animal 
model of retinal degeneration. Nerve growth factor (NGF) 
injected into the intra-ocular area of the C3H mouse, also a 
model of retinal degeneration, results in a significant 
increase of Surviving photoreceptor cells compared to con 
trols (Bosco and Linden, 1999; Caleo et al., 1999; Carmi 
gnoto et al., 1989; Cui et al., 1998; Frasson et al., 1999; 
Lambiase and Aloe, 1996; Reh et al., 1996). 
0005. However, while many prostheses are known that 
attempt to restore vision by using photoactive properties of 
Semiconductors designed to mimic the electric charge that 
damaged retinal cells would otherwise generate, few devices 
or treatments are available that can slow, Stop or reverse 
retinal degeneration. 

SUMMARY 

0006 According to a first aspect of the invention, a 
method of improving visual function of a damaged retina in 
a human eye is disclosed. The method includes applying a 
chronic physical Stimulation to the eye to improve or main 
tain visual function of the damaged retina, wherein applying 
chronic physical Stimulation improves visual function of at 
least one structure of the damaged retina. In one embodi 
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ment the chronic physical Stimulation is applied by a Source 
of physical Stimulation comprising at least one device in 
contact with any Structure of the eye. The physical Stimu 
lation may be provided to at least one of the damaged retina 
and a structure of the eye. Also, the physical Stimulation may 
be provided by one or more devices. The device or devices 
may be constructed of electrically inert, chemical or bio 
logical materials. 

0007 According to another aspect of the invention, a 
method of implanting a physically Stimulating device in an 
eye of a patient having least one condition Selected from the 
group consisting of outer neuroretina disease, choroidal 
disease and retinal epithelial disease is disclosed. The 
method includes implanting in a Subretinal Space in the eye 
of the patient at least one electrically inert device configured 
to contact a plurality of cells in the eye. The electrically inert 
device could also be implanted in other Spaces of the eye of 
the patient, Such as an epiretinal Space, a Subconjunctival 
Space, a SubScleral Space, and/or in a Subchoroidal space of 
the eye. In one embodiment, the device may be positioned 
in one of a peripheral or mid-peripheral region in the 
Subretinal Space, outside of a macula of the eye. In another 
embodiment, the electrically inert device may be implanted 
at a position in the Subretinal Space between an angle of 
about 50 to 800 off-axis from the macula, where the angle 
is defined by an interSection of an axis line extending from 
the macula to a central Structure of the pupil and an off-axis 
line extending from the device to the central Structure of the 
pupil. 

0008. In another aspect, the invention provides a use of a 
Source of electrical Stimulation for producing an implant for 
improving Visual function that includes the perception of 
brightness in the presence of light, the perception of dark 
neSS in the absence of light, the perceptions of contrast, 
color, resolution, shape, motion, and Visual field size of a 
damaged retina in a human eye by applying electrical 
Stimulation to the damaged retina, eye or to both, wherein 
this electrical Stimulation improves visual function of at 
least a portion of the damaged retina not in contact with the 
Source of electrical Stimulation. 

0009. In another aspect, the invention provides a use of a 
Source of chronic or prolonged physical Stimulation for 
producing an implant for treating primary and Secondary 
Visual degradation resulting from a damaged retina by 
applying physical Stimulation to the eye with the damaged 
retina, wherein a portion of the damaged retina not in contact 
with the source of physical stimulation is treated. The 
damaged retina, for example, may comprise damaged pho 
toreceptor cells, and Such cells peripheral to the Source of 
physical Stimulation exhibit improved Visual function as a 
result of the physical Stimulation. 

0010 Both of these aspects of the invention may have the 
following characteristics. Conditions that result in damaged 
retinas that may be treated with the various embodiments of 
uses of the Sources of physical Stimulation of the invention 
include age-related macular degeneration, retinitis pigmen 
tosa, long-term retinal detachment, diabetic retinopathies, 
Stargardt's retinopathy, Leber's congenital amaurosis, 
Best's Disease, and choroidal disease or damage. Physical 
Stimulation may be, for example, provided to the retina or 
eye. Suitable devices that provide chronic physical Stimu 
lation may be constructed of a material that is electrically 
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inert. The implant may also be fenestrated. Suitable loca 
tions of the eye for Stimulation include, but are not limited 
to, the Subretinal Space, the epiretinal Space, the SubScleral 
Space, the Subconjunctival Space, the vitreous cavity and the 
anterior chamber. 

0011. In all aspects of the invention, the devices used for 
producing an implant for improving visual function of a 
damaged retina may be adapted to be Surgically implanted 
into the Subretinal space at an angle between about 5 and 
80 off-axis from a macula, wherein the angle is defined by 
an interSection of an axis line extending from the macula to 
a central portion of a pupil, and an off-axis line extending 
from the device to the central portion of the pupil. The 
device (with or without at least one fenestration) may be 
adapted to be Surgically implanted in at least one Sector of 
a retina, excluding the macula. The device or devices may be 
adapted to be implanted in the temporal or nasal (or both) 
half retina region of the eye, or Symmetrically around a 
region centered by the macula. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1A presents top cross-section of a human eye. 
0013 FIG. 1B presents a cross-section through the 
human eye that include the layers of the outer and inner 
anatomical retina, as indicated by the inset of FIG. 1A. 
0.014 FIG. 2 illustrates one preferred shape of an 
implantable device. 

0015 FIG. 3 illustrates a first alternative shape of the 
implantable device of FIG. 2. 

0016 FIG. 4 illustrates a second alternative shape of the 
implantable device of FIG. 2. 

0017 FIG. 5 is a two dimensional array of implantable 
devices. 

0.018 FIG. 6 is a three dimensional array of implantable 
devices 

0.019 FIG. 7 is a cross-sectional view of an embodiment 
showing an array of retina Stimulation devices positioned in 
an eye in the periphery and/or mid-periphery outside the 
macula. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

0020 Many human retinal diseases cause vision loss by 
partial to complete destruction of the vascular layers of the 
eye that include the choroid and choriocapillaris, both of 
which nourish the outer anatomical retina and a portion of 
the inner anatomical retina of the eye. A number of other 
retinal diseases cause vision loSS due to partial to complete 
degeneration of one or both of the two anatomical retinal 
layers directly, due to inherent abnormalities of these layers. 
The components of the retinal layers include Bruch's mem 
brane and retinal pigment epithelium which comprise the 
“outer anatomical retinal layer', and the photoreceptor, 
outer nuclear, Outer plexiform, inner nuclear, inner plexi 
form, amacrine cell, ganglion cell and nerve fiber layers 
which comprise the "inner anatomical retinal layer', also 
known as the “neuroretina'. The outer portion of the neu 
roretina is comprised of the photoreceptor and bipolar cell 
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layers and is also known as the “outer retina” which is to be 
distinguished from the “outer anatomical retinal layer” as 
defined above. 

0021 Loss of function of the outer retina is commonly 
the result of dysfunction of the outer anatomical retinal layer 
that provides nourishment to the outer retina and/or to direct 
defects of the outer retina itself. The final common result, 
however, is dysfunction of the Outer retina that contains the 
light Sensing cells, the photoreceptors. Some of these “outer 
retina' diseases include age-related macula degeneration, 
retinitis pigmentosa, choroidal disease, long-term retinal 
detachment, diabetic retinopathies, Stargardt's disease, 
choroideremia, Best's disease, and rupture of the choroid. 
The inner portion of the neuroretina, however, often remains 
functionally and anatomically quite intact and may be acti 
Vated by the appropriate Stimuli. 
0022. Although prosthetic electrical devices designed to 
replace damaged or missing retinal cells have been used to 
treat vision loSS caused by Outer retinal degeneration, physi 
cal Stimulation to improve large areas of retinal cell visual 
function is novel. As a non-limiting explanation, the pro 
motion of improved retinal cell visual function by physical 
Stimulation may be explained by the Stimulation of produc 
tion and release of growth factors (GFs); more specifically, 
neurotrophic-type growth factors (NTGFs), by the stimu 
lated retinas in response to the wounding or trauma inflicted 
by the physical Stimulation. The Synthesis and/or Secretion 
of neurotrophic factors would then improve retinal cell 
function and Survival in conditions where these activities 
would be lost. 

0023 Animal and human studies have be used to show 
that electrical Stimulation may be used to improve the 
general inherent visual function of damaged retinal cells in 
direct contact with and Surrounding an implanted electrical 
artificial silicon retina prosthesis (Chow et al., 2002). The 
mechanism of action may be related to the upregulation and 
production of endogenous Survival-type factors by the retina 
due to an electrical effect on cellular membranes which may 
include a direct irritant effect of the electric current. 

0024. An irritant effect is also produced by the physical 
effect that includes a mechanical foreign-body effect, of an 
implant placed into or in contact with the retina. Such an 
irritant effect is akin to a mild damage effect on the retina 
which is known to upregulate the production of Survival 
type factors. For example, an incision into the retina, called 
a retinotomy, is known to upregulate, albeit temporarily, 
certain Survival-type factors that also temporarily slow down 
retina degeneration in a rat model of retinal degeneration 
(Peng et al., 1997). A non-electrical foreign body that is inert 
or almost inert is therefore capable of producing a chronic 
irritant effect that chronically upregulates endogenous Sur 
Vival factors in the retina and to produce a long-term slow 
down or prevention of a retinal degenerative process. 
0025. A system and method are disclosed of placing a 
non-electrical physical and/or mechanical foreign body into 
or in contact with the retina to irritate and therefore chroni 
cally Stimulate the upregulation of Survival-type factors to 
Slow down and/or prevent retinal degeneration. The Subject 
matter of this application also includes the devices used to 
produce the Said chronic irritation of the retina. Such non 
electrical chronic irritant devices theoretically may have the 
ability to slow down the degeneration in other organ Systems 
Such as the central nervous System. 
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0026. The present invention discloses both devices and 
novel methods to non-electrically irritate and/or Stimulate 
the retina by physical and/or mechanical Stimulation/irrita 
tion to improve large areas of retinal visual function and to 
protect the retina from degeneration. 

0027 Definitions 
0028 Subject/patient 
0029. A subject (patient) may be a human being or a 
non-human animal, but is preferably a human. Usually the 
individual has Suffered Some type of retinal damage and/or 
degeneration that results in Some degree of visual loSS and/or 
has a condition that will result in retinal damage and/or 
degeneration. A normal (healthy) Subject does not have a 
condition that will result in retinal damage and/or degen 
eration and/or has not Suffered retinal damage and/or degen 
eration. 

0030) 
0.031) Improving visual function refers to improving a 
targeted function of the eye, Selected by the artisan, and 
includes improving any to all of the following capabilities of 
the eye, retina and Visual System: perception of brightness in 
the presence of light, perception of darkness in the absence 
of light, perceptions of contrast, color, shape, resolution, 
movement and Visual field size. 

Improving Visual Function 

0.032 Primary visual degradation means loss of visual 
function due to malfunctioning, damaged or degeneration of 
Structures found in the eye. Secondary visual degradation 
means loSS of Visual function due to Secondary damage, 
typically from lack of use of the vision-associated portions 
of the brain. Improving visual function means to improve the 
Visual function of primary visual degradation, Secondary 
Visual degradation or both. 
0033 Eye/eyeball 
0034) The eye (or eyeball) has the usual definition in the 
art. Eye includes all interior and exterior Surfaces, compo 
nents, contents and cavities of the eye. The eye does not 
include the eyelid. 

0035. The retina of the eye can be divided into sectors as 
is commonly accepted in the art. Such Sectors are described 
by the use of the terms temporal, nasal, Superior, inferior, by 
clock hour designation, and by the number of degrees away 
from the macula. For example, the temporal Sector of the 
retina is the retina temporal to a perpendicular plane cutting 
through retina from the 12 o'clock to the 6 o'clock positions 
and through the macula. In another example, the Superior 
Sector is the retina Superior to a perpendicular plane cutting 
through the 9 o'clock to 3 o'clock positions and through the 
macula. In a further example, the Superior-temporal Sector is 
the interSection of these two Sectors, a pie-shaped area 
delineated from the 9 o'clock position of the peripheral 
retina to the macula and then clockwise to the 12 o'clock 
position. More Specific locations of the retina can be des 
ignated by degrees away from the macula and clock hour 
location: for example, 20 degrees away from the macula at 
the 3 o'clock (nasal) position. The number of degrees away 
from the macula is in Visual axes degrees. These axes all 
interSect through the lens of the eye. 
0.036 The visual field sectors correspond oppositely to 
the retinal Sectors as is commonly understood in the art. For 
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example, the Superior-temporal Sector of the retina corre 
sponds to the inferior-nasal portion of the Visual field. 
0037 Peripheral 
0038. To be peripheral to an object, device or other 
landmark includes all Surrounding parts, but not the object, 
device or landmark, i.e., the object, device or landmark, 
together with the peripheral portion, constitutes the whole. 
0.039 Light 
0040 Light refers not only to the electromagnetic spec 
trum that humans can readily perceive visually (approxi 
mately 400 nm to 750 nm), but also includes ultraviolet light 
(<400 nm in wavelength) as well as infrared light (>750 nm 
in wavelength). 
0041) 
0042. The invention can be used to improve visual func 
tion in Subjects in which the retina is damaged by disease, 
degeneration, condition, or trauma and/or to slow down or 
Stop the progression of damage by disease, degeneration, 
condition or trauma. Common diseases, conditions, degen 
eration or trauma that are particularly amenable to this 
treatment include age-related macula degeneration, retinitis 
pigmentosa, Leber's congenital amaurosis, Stargardt's dis 
ease, Best's disease, diabetic retinopathy, long-term retinal 
detachment, and choroidal damage. 
0043 Eye Structure 
0044) Referring to the drawings, FIG. 1A illustrates a 
section through the eyeball. The neuroretina 150 comprises 
multiple layers of cells and structures (see FIG. 1B). The 
photoreceptor components of the retina are situated within 
the neuroretina which covers the internal posterior cavity of 
the eye, terminating anteriorly at the ora Serrata 167. The 
ciliary body 168 and the iris 162 are covered by extensions 
of the retina, lacking photoreceptor components. The out 
ermost layers of the eye consist of the Sclera 164 and cornea 
158. The sclera is pierced by the emerging optic nerve 166. 
The lens 160 and vitreous cavity 154 are also indicated. The 
macula 169 of the retina is typically a 3 mm by 5 mm oval 
region, at the center of which is the fovea 170. 

Indications 

004.5 The layers of the eye at the posterior pole from 
inside to outside are shown in FIG. 1B: internal limiting 
membrane 40, nerve fiber layer 42, ganglion and amacrine 
cell layer 44, inner plexiform 46, inner nuclear layer 48, 
outer plexiform 50, outer nuclear and bipolar cell layer 52, 
and photoreceptor layer 54, all of which constitute the 
anatomical inner retinal layer, also known as the neuroretina 
56. The retinal pigment epithelium 58, and Bruch's mem 
brane 60 constitute the outer retinal layer 62. The chorio 
capillaris 64, and choroid 66 comprise the choroidal vascu 
lature 68. The outer coat of the eye is the sclera 70. Light 156 
enters the retina as shown. 

0046) Devices and Methods to Provide Physical Stimu 
lation 

0047 Any object that can provide a chronic or prolonged 
physical Stimulation or irritation to the eye can be used as a 
Source of physical Stimulation. These devices may include, 
but are not limited to, electrically inert objects, mechanically 
or electrically activated objects, and chemical or biological 
agents. Several electrically activated devices, including 
retina stimulation devices (RSDs), have been used to pro 
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vide electrical Stimulation to an eye or the retina. For 
example, electrical devices previously described (Chow, 
U.S. Pat. No. 5,024,223, 1991; Chow and Chow, U.S. Pat. 
No. 5,397,350, 1995; Chow and Chow, U.S. Pat. No. 5,556, 
423, 1996; Chow and Chow, 1997; Chow et al., 2001; Chow 
and Peachey, 1999; Chow and Chow, U.S. Pat. No. 5,895, 
415, 1999; Chow and Chow, U.S. Pat. No. 6,230,057 B1, 
2001), may be used. The entirety of the disclosure of each 
of these patents is incorporated herein by reference. 

TABLE A 

Device References 

Artificial Silicon Retina (ASRTM) (Chow, U.S. Pat. No. 5,016,633, 
1991; Chow, U.S. Pat. No. 
5,024.223, 1991) 
(Chow and Chow, U.S. Pat. No. 
5,397,350, 1995; Chow and Chow, 
U.S. Pat. No. 5,556,423, 1996) 
(Chow and Chow, U.S. Pat. No. 
5,397,350, 1995; Chow and Chow, 

Independent Surface Electrode 
Microphotodiodes (ISEMCP) 

Independent Surface Electrode 
Microphotodiodes with an electrical 
capacitor (ISEMCP-Cs) U.S. Pat. No. 5,556,423, 1996) 
Multi-phasic Photodiode Retinal (Chow and Chow, U.S. Pat. No. 
Implants (MMRIs, such as MMRI-4) 5,895,415, 1999; Chow and Chow, 

U.S. Pat. No. 6,230,057 B1, 2001) 
(Chow and Chow, U.S. application 
No. 09/539,399, 2000) 

Variable Gain Multi-phasic 
Photodiode Retinal Implants 
(VGMMRIs) 

0.048 AS stated above, the physical stimulation may be 
provided by any object that can remain in physical contact 
with and/or irritate cells, Such as retinal cells of an eye, for 
an extended period of time. The extended period of time may 
be years, Such as would be the case with a device that would 
be implanted in the eye and persist indefinitely in the eye 
unless it was purposefully extracted. Alternatively, the 
extended period of time may be a limited time, for example 
one year, after which the implanted device or agent would 
biodegrade or otherwise be absorbed. 
0049. In one preferred embodiment, the source of physi 
cal Stimulation is one or more devices or objects that is 
electrically inactive Such that it is neither photoactive, a 
Source of electrical Stimulation, nor in electrical communi 
cation with a Source of electrical Stimulation. The device 
may be constructed from Silicon, metal, plastic, ceramic, 
glass, wood, Sand or any of a number of materials. For 
example, an object of any shape or depth may be used. These 
shapes may include, but not be limited to, to geometric 
shapes, Such as Straight lines, circles, Squares, rectangles, 
and triangles as well as three-dimensional shapes, Such as 
balls, cubes, cylinders, or cones. 
0050 Referring to FIGS. 2-4, several suitable shapes of 
implantable devices are shown. The device may be a disk 
shaped object 174 with or without fenestrations 176, as 
shown in FIG. 2. In order to increase the Surface area 
available to physically contact cells in the eye, the object 
174 may be constructed to include various shape protrusions 
178. The object 180 shown in FIG. 2 illustrates a spherical 
shape. Again, fenestrations 182 may be incorporated in the 
object to allow nutrients to pass through. Irregularly-shaped 
objects 184, such as illustrated in FIG. 4, may be also be 
used. While the devices may be of various different dimen 
Sions, one preferred size range is greater than approximately 
1 micron and less than approximately 20 mm in linear 
dimensions, and more preferrably greater than approxi 

Feb. 6, 2003 

mately 0.5 mm and less than approximately 5 mm in linear 
dimensions. Substrates for Such objects include, without 
limitation, bio-absorbable polymers, Silicon and other met 
als, and biomaterials. These devices can be implanted in the 
Same region or regions of an eye as discussed for the RSDS. 
Many materials, shapes, sizes and devices may be used as 
long as they interact with cells in the eye to physically 
Stimulate these cells. Also, in yet other embodiments, one or 
more electrically inert devices may be implanted in the eye 
in combination with one or more devices intended to Supply 
electrical Stimulation to the eye. 

0051. In yet other embodiments, the device may be an 
interconnected array of implantable elements. For example, 
FIG. 5 shows a two dimensional array 190 of implantable 
objects 186 interconnected by a flexible biocompatible mesh 
188. Each of the objects 186 may be of the same or different 
shape and maintains its physical connection with one or 
more of the other objects while in the eye via the mesh 188. 
Alternatively, as shown in FIG. 6, the array may be a three 
dimensional array 192 of implantable objects 186 intercon 
nected by a flexible mesh 188. 
0052. Other means to provide physical stimulation 
includes implanting devices that deliver an irritant. For 
example, oils, detergents, bile Salts, etc. may be applied in 
Small quantities that are yet Sufficient to physically Stimulate 
the cells. Preferably, the irritant is packaged, Such as in a 
capsule, So that the irritant is slowly released over time, and 
so that the “packaging” is ultimately absorbed by the body. 
Examples of biodegradable Substances include biodegrad 
able polymers. Biodegradable polymerS decompose when 
placed inside an organism and thus eliminate the need to 
remove the implant after the bioactive agent has been 
released, since the polymer will gradually break down and 
may be metabolized or excreted from the body. The decom 
position of a biodegradable polymer can be observed as a 
decline in the molecular weight of the polymer Over time. 
Polymer molecular weights can be determined by a variety 
of methods including Size exclusion chromatography (SEC), 
and are generally expressed as weight averages or number 
averages. A polymer is biodegradable if, when in phosphate 
buffered saline (PBS) of pH 7.4 and a temperature of 37°C., 
its weight-average molecular weight is reduced by at least 
25% over a period of 6 months as measured by SEC. 
0053 Polymers which could be useful as “packaging” 
capsules include, but are not limited to, polyesters, Such as 
poly(caprolactone), poly(glycolic acid), poly(lactic acid), 
poly(hydroxybutryate); copolymers of caprolactone, gly 
colic acid, lactic acid, and hydroxybutryate, polyanhydrides, 
Such as poly(adipic anhydride); poly(para-dioxanone); poly 
(malic acid); polyamines; polyurethanes; polyesteramides; 
polyorthoesters, polyacetals, polyketals, polycarbonates, 
polyorthocarbonates; polyphosphaZenes; poly(amino acids); 
chitin; chitosan, and copolymers and mixtures thereof. 
0054 Chemical or biological agents, including growth 
factors, can also be introduced into the eye to provide a 
prolonged Stimulation to enhance rescue and retina func 
tional improvement. This additional Step is attractive 
because Some factors, especially neurotrophictype growth 
factors, may improve retinal function and provide limited 
neuronal rescue in eyes with retinal degeneration and dyS 
function. These growth factors include, but are not limited 
to, glial cell line-derived neurotrophic factor (GDNF), nerve 
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growth factor (NGF), brain derived neurotrophic growth 
factor (BDNGF), neurotropin-3 (NT-3), neurotropin-4 (NT. 
4), neurotropin-5 (NT-5), ciliary neurotropic factor (CNTF) 
and fibroblastic growth factor (FGF). These growth factors 
can be delivered to the eye by coating the RSD with growth 
factor(s) before implantation, by injection of the growth 
factor(s) into the locations of the Subretinal space, Vitreous 
cavity, Subconjunctival Space, SubScleral Space, and/or the 
anterior chamber either Singly or in combination with each 
other, as a single dose or as multiple repeat doses before, 
during and/or after implantation of the RSD(s) or other 
electrical Stimulating device. 

0055 Location of Stimuli 
0056. The chronic physical stimulation provided by at 
least one device may be provided Subretinally, epiretinally, 
Subsclerally (between the Sclera and choroid), on the Scleral 
Surface, on the conjuctival Surface and/or from or within any 
Structure of the eye. Other means of providing physical 
Simulation to the retina and eye may include devices that 
deliver chronic stimulation from the underside of the eye 
lid(s). Preferably, physical stimulation is from the Subretinal 
Space which is an area that is in a close proximity to the 
damaged retinal cells. 

0057 Therefore, in one embodiment, the chronically 
irritating/Stimulating agent can be inserted in a way that it is 
placed in direct contact with the damaged retinal cells. In 
another embodiment, the chronically irritating/stimulating 
agent can be placed adjacent to, but not in direct contact 
with, the damaged retinal cells. In response to the prolonged 
trauma inflicted by the irritant, healthy retinal cells may be 
chronically Stimulated to produce and release growth fac 
tors, Such as neurotrophic growth factors, to help enhance 
retinal cell function. 

0058 
0059. In one embodiment, the physical stimulation is 
preferably in the Subretinal Space in the periphery and/or 
mid-periphery of the eye, outside of the macula. For devices 
that are implanted, more than one device may be implanted, 
if needed, in an eye to Stimulate a larger area of the retina, 
and multiple devices can be implanted in paracentral loca 
tions Such as one in each of the four paracentral quadrants, 
approximately, but not limited to, 5 to 80 degrees peripheral 
to the macula. In other embodiments, one or more devices 
may be implanted in the macular region of the eye. In one 
embodiment the implants may be placed in the Subretinal 
Space in the mid-periphery approximately 20 degrees away 
from the macula, using one device or up to approximately 
four devices evenly Spaced on a perimeter in the midperiph 
ery. Cells to Stimulate include the remaining cells of the 
inner retina. 

0060 FIG. 7 is a cross-sectional view of an eye 6 
showing an array 200 of RSDs 10 in the subretinal space. 
Although RSDs 10 are discussed below with respect to FIG. 
7, the implantation locations and techniques discussed apply 
equally to the other types of implantable objects and agents 
mentioned above. One or more RSDS may be spaced sym 
metrically around the macula in the peripheral or mid 
peripheral regions of the eye in one embodiment. Alterna 
tively, the RSDS may be spaced asymmetrically around the 
macula. In one embodiment, the RSDS are implanted at a 
position in the Subretinal Space between about a 5 degrees 
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and an 80 degrees angle off-axis from the macula, where the 
angle is defined by an interSection of an axis line extending 
from the macula to a central portion of the pupil and an 
off-axis line extending from the retina Stimulation device to 
the central portion of the pupil. The RSDS may also be 
implanted in the temporal half retina region and/or nasal half 
retina region, within the Subretinal Space. Any of a number 
of techniques and instruments may be used to perform the 
implantation into the Subretinal space (Chow, U.S. Pat. No. 
5,024,223, 1991; Chow and Chow, U.S. Pat. No. 5,397,350, 
1995). 
0061. In yet another embodiment, an implantable device 
is designed to be implanted onto the epiretinal Surface (i.e. 
on the nerve fiber layer side) of the retina. It is retained in 
position by retinal tacks, biocompatible glues, or other 
means. In the case of electrical implantable devices, Sub 
conjunctival/Scleral placement of the device results in leSS 
efficient electrical Stimulation of the retina compared to a 
Subretinally or epiretinally placed device, but the extraocular 
location of the device decreases the Surgical risk to a patient 
Since intraocular Surgery would not be required for its 
implantation. The Subconjunctival/Scleral placement of a 
device also allows a stable device position to be achieved 
without fixating devices or glues (i.e., the device is held in 
place between the conjunctiva and Sclera). 
0062) Surgical methods are well known in the art (Pey 
man et al., 2000). Descriptions of specific Surgeries for RSD 
implantation, which are also applicable to other physical 
Stimulating devices, have been extensively described 
(Chow, U.S. Pat. No. 5,024.223, 1991; Chow and Chow, 
U.S. Pat. No. 5,397,350, 1995; Chow and Chow, U.S. Pat. 
No. 5,556,423, 1996; Chow and Chow, 1997; Chow et al., 
2001; Chow and Peachey, 1999; Chow and Chow, U.S. Pat. 
No. 5,895,415, 1999; Chow and Chow, U.S. Pat. No. 6,230, 
057 B1, 2001). 
0063 For example, direct insertion may be accomplished 
as follows: the device or plurality of devices is inserted into 
the Vitreous cavity of the eye through a parS plana incision. 
A horizontal incision is then made through the retina from 
the Vitreous Side in the temporal portion of the posterior pole 
into the potential Space between the photoreceptor layer and 
the retinal pigment epithelium. A horizontal incision made at 
this location avoids cutting inner retinal vasculature and is 
parallel to coursing nerve fiber layers, therefore also avoid 
ing their injury. Illumination for Surgery is provided by an 
optical fiber light pipe. The potential Space is then be opened 
by cannula irrigation of a balanced Salt Solution into the 
Subretinal Space. 
0064. The device is then placed into the Subretinal cavity 
at the posterior pole under the macula area. Specifically, the 
device is placed between the retinal pigment epithelium and 
photoreceptor layer, or if the photoreceptor layer is atro 
phied or lost, then between the retinal pigment epithelium 
and the bipolar and horizontal cell layer. The device is 
positioned Such that the electrical ground(s) is overlaying 
the retinal pigment epithelium, and the active electrode(s) 
faces incident light. 
0065. After insertion, a series of endolaserphotocoagula 
tion or endocautery burns may be made around the periphery 
of the device to Secure the device, although these burns may 
not be necessary in many cases. The Scar tissue So formed 
around the periphery of the device by these burns may 
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prevent the device from moving out of position in Some 
patients. Endolaserphotocoagulation or endoelectrocautery 
may also be used to Seal the retinal incision. Air or other 
medically approved gaseous compounds may also be 
injected into the Vitreous cavity to tamponade the retinal 
opening during healing. The parS plana incision is then 
closed in the usual Surgical manner. 
0.066 An alternate method for implantation of a device 
involves making an incision through the Sclera just posterior 
to the ora Serata. Dissection proceeds through the choroid, 
choriocapillaris, Bruch's membrane and retinal pigment 
epithelium under Stereo operating microScope control into 
the potential Space between the inner and outer anatomical 
retinal layers. The artificial retinal implant is then inserted 
into this space and directed posteriorly towards the macula 
by a pushing action imparted by a formed curved iris Spatula 
or by use of an insertion guide. The RSD or other implant 
able device rests in the retinal periphery of the eye between 
the inner and outer anatomical retinal layers. 
0067. In another approach, some devices can be 
implanted by Simple injection into the Subretinal Space 
through cannulas. Preferably, the devices are placed in a 
vehicle Such as a biocompatible liquid and injected into the 
Subretinal Space via a retinotomy incision using a cannula. 
Such a liquid vehicle may be a balanced Salt Solution or a 
more Viscous material like methylcellulose. 
0068 The retina is preferably illuminated by a light pipe 
to facilitate the injection of the devices. The cannula is 
introduced into the vitreous cavity of the eye via a pars plana 
incision. Dissection of the posterior Vitreous is performed to 
Separate the posterior hyaloid face from the retinal Surface 
along with a vitrectomy. A Small retinotomy incision is made 
through the retina following the direction of the nerve fiber 
layer using a stiletto type MVR blade. Dissection of the 
inner retina from the outer retinal layerS is accomplished 
hydroStatically with the cannula using a fluid Such as Saline. 
0069. When the retinal areas to be implanted have been 
prepared with cannula hydro-dissection, the liquid vehicle 
with Suspended devices is injected. An attempt should be 
made to distribute the Suspended devices in a uniform 
monolayer. The cannula is then withdrawn, and a heavier 
than-water non-miscible material (preferably, a perfluoro 
carbon) is placed over the posterior pole of the Vitreous 
cavity to aid Settling the retina. The non-miscible material is 
preferably removed after an appropriate time, usually 15 to 
20 minutes, leaving a reattached retina. Alternatively, air 
may also be used to settle the retina. With settling and 
reattachment of the retina, the implanted devices tend to 
distribute into the desired monolayer. 
0070. Other Surgical procedures and related materials 
will be evident to one of skill in the art and depend in part 
on the design of the device and the Subject to be implanted. 
0071. In another embodiment, electrically inert objects, 
chemical, and/or biological agents can be inserted into an 
eye in Several ways. Chemical and biological agents, Such as 
growth factors, can be delivered to the eye by coating a 
substrate with these factor(s) before implantation and/or by 
injecting these factor(s) into the locations of the Subretinal 
Space, Vitreous cavity, Subconjunctival Space, SubScleral 
Space, and/or the anterior chamber either Singly or in com 
bination with each other, as a single dose or as multiple 
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repeat doses independent of, before, during and/or after 
implantation of the coated Substrate or other electrical 
Stimulating device. Electrically inert object(s) can be deliv 
ered to the eye by placing it directly into the Subretinal 
Space, Vitreous cavity, Subconjunctival Space, SubScleral 
Space, and/or the anterior chamber through implantation or 
injection performed as previously described for the retinal 
implantable devices. 
0072 Demonstration of Efficacy 
0073. The demonstration of safety and efficacy of a 
preferred embodiment of this invention has been shown in 
multiple perSons with retinal dysfunction that have been 
implanted with RSDs in the Subretinal space as part of a 
clinical study to evaluate the feasibility of and effectiveness 
of these devices to act as prostheses. All perSons So 
implanted have reported no complications and have reported 
improved levels of Visual function Subsequent to the place 
ment of the RSDs. Such improvements have included 
improved perception of light, darkness, contrast, Shape, 
resolution, color, motion, and Visual field size. It will be 
appreciated by those of skill in the art that the improved 
levels of visual function reported represent results of RSDs 
and methods discovered by the inventors to function well in 
the practice of the invention. However, those skilled in the 
art should, in light of the present disclosure, appreciate that 
many changes can be made in the Specific embodiments that 
are disclosed and still obtain a like or similar result without 
departing from the Spirit and Scope of the invention. For 
example, a variety of mechanically and/or physically inert to 
partially inert materials can be used. Moreover, a variety of 
sizes and shapes of the RSD can be used. The RSD can also 
be inserted into various Structures of the eye. 

EQUIVALENTS 

0074 Although particular embodiments have been dis 
closed herein in detail, this has been done for purposes of 
illustration only and is not intended to be limiting with 
respect to the Scope of the appended claims that follow. In 
particular, it is contemplated by the inventors that various 
Substitutions, alterations, and modifications may be made to 
the invention without departing from the Spirit and Scope of 
the invention as defined by the claims. Other aspects, 
advantages, and modifications are considered to be within 
the Scope of the following claims. 
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1. A method of improving visual function of a damaged 
and/or degenerating retina in a human eye, the method 
comprising: 

applying at least one of a chronic physical and mechanical 
Stimulation to the eye to improve or maintain visual 
function of the retina, wherein applying the at least one 
of the chronic physical and mechanical Stimulation 
improves visual function of at least one structure of the 
damaged retina. 

2. The method of claim 1, wherein the improved visual 
function comprises at least one of improved perception of 
light in the presence of light, improved perception of dark 
neSS in the presence of darkness, improved perception of 
contrast, color, shape, resolution, movement and Visual field 
size. 

3. The method of claim 1, wherein the chronic physical 
Stimulation is applied by a Source of physical Stimulation 
comprising at least one device in contact with any structure 
of the eye. 

4. The method of claim 1, wherein the chronic physical 
Stimulation is provided to at least one of the damaged retina 
and a structure of the eye. 

5. The method of claim 3, wherein the at least one device 
comprises a plurality of devices. 

6. The method of claim 3, wherein the at least one device 
comprises one of an electrically inert device, a chemical 
agent and a biological agent. 

7. The method of claim 1, wherein the source of physical 
Stimulation comprises a device having at least one photo 
active Surface electrically connected to at least one stimu 
lating electrode. 

8. The method of claim 7, wherein the photoactive surface 
comprises at least one photodiode, photovoltaic device or 
photoelectric device. 

9. The method of claim 8, wherein the at least one 
photodiode comprises a plurality of photodiodes, photovol 
taic devices or photoelectric devices. 

10. The method of claim 3, wherein the at least one device 
is implanted Surgically into a Subretinal Space at an angle 
between about 5 and 80 off-axis from a macula, wherein 
the angle is defined by an interSection of an axis line 
extending from the macula to a central Structure of a pupil 
and an off-axis line extending from the device to the central 
Structure of the pupil. 

11. The method of claim 3, wherein the at least one device 
is Surgically implanted in at least one area of the damaged 
retina, excluding a macula. 

12. The method of claim 3, wherein the at least one device 
comprises at least one fenestration. 

13. The method of claim 1, wherein the damaged retina is 
the result of at least one condition Selected from the group 
consisting of age-related macular degeneration, retinitis 
pigmentosa, choroidal disease, choroidaremia, long-term 
retinal detachment, diabetic retinopathies, Stargardt's retin 
opathy, Leber's congenital amaurosis, Best's Disease, cho 
roidal rupture, and choroidal disease. 

14. A method of treating visual degradation resulting from 
a damaged retina, wherein the Visual degradation comprises 
primary or Secondary degradation, the method comprising: 

applying chronic physical Stimulation to an eye contain 
ing the damaged retina. 

15. The method of claim 14, wherein the damaged retina 
comprises a damaged cell comprising at least one of a 
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photoreceptor cell, choroidal vasculature cell, retinal pig 
ment epithelial cell, bipolar cell, horizontal cell, amacrine 
cells and ganglion cells, and 

wherein at least one portion of the damaged cell is treated. 
16. The method of claim 15, wherein the at least one 

portion that is treated comprises at least one portion of an 
undamaged cell. 

17. The method of claim 15, wherein the at least one 
portion that is treated comprises a portion not in physical 
contact with a Source of chronic physical Stimulation. 

18. The method of any of claims 14-17, wherein the 
physical Stimulation is provided to at least one of the 
damaged retina and a structure of the eye. 

19. The method of claim 14, wherein applying chronic 
physical Stimulation comprises placing a Source of physical 
Stimulation in contact with the eye, the Source of physical 
Stimulation comprising at least one device. 

20. The method of claim 19, wherein the at least one 
device is in contact with the retina, and the applying physical 
Stimulation treats at least one of a structure of the damaged 
retina peripheral to the portion of the retina in contact with 
the at least one device and a portion of the damaged retina 
in contact with the device. 

21. The method of claim 19, wherein the at least one 
device comprises a plurality of devices. 

22. The method of claim 19, wherein the at least one 
device comprises one of an electrically inert object, a 
chemical agent and a biological agent. 

23. The method of claim 19, wherein the at least one 
device comprises at least one photoactive Surface electri 
cally connected to at least one Stimulating electrode. 

24. The method of claim 23, wherein the at least one 
photoactive Surface comprises at least one photodiode, pho 
tovoltaic device or photoelectric device. 

25. The method of claim 24, wherein the at least one 
photoactive Surface comprises a plurality of photodiodes, 
photovoltaic devices, or photoelectric devices. 

26. The method of claim 19, wherein the at least one 
device is implanted Surgically into a Subretinal Space at an 
angle between about 5 and 80 off-axis from a macula, 
wherein the angle is defined by an interSection of an axis line 
extending from the macula to a central Structure of a pupil, 
and an off-axis line extending from the device to the central 
Structure of the pupil. 

27. The method of claim 19, wherein the at least one 
device is Surgically implanted in at least one area of the 
retina, excluding a macula. 

28. The method of claim 14, wherein the physical stimu 
lation is intermittent. 

29. The method of claim 14, wherein said damaged retina 
is the result of at least one condition Selected from the group 
consisting of age-related macular degeneration, retinitis 
pigmentosa, choroidal disease, choroidaremia, long-term 
retinal detachment, diabetic retinopathies, Stargardt's retin 
opathy, Leber's congenital amaurosis, Best's Disease and 
choroidal rupture. 

30. A method of improving visual function in a damaged 
macula of a human eye, the method comprising: 

Selecting at least one electrically inert device; 
implanting the at least one electrically inert device in a 

Subretinal Space in the eye, and wherein the device is 
positioned peripheral to the macula of the eye and in the 
Subretinal Space. 
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31. The method of claim 30, wherein implanting the at 
least one electrically inert device comprises implanting the 
device at a position in the Subretinal Space at an angle 
between about 5 and 80 off-axis from the macula, wherein 
the angle is defined by an interSection of an axis line 
extending from the macula to a central Structure of the pupil 
and an off-axis line extending from the device to the central 
Structure of the pupil. 

32. The method of claim 30, wherein implanting the 
device further comprises implanting the device in a temporal 
half retina region of the eye. 

33. The method of claim 30, wherein implanting the 
device further comprises implanting the device in a nasal 
half retina region of the eye. 

34. The method of claim 30, wherein selecting at least one 
electrically inert device comprises Selecting a plurality of 
electrically inert devices, and wherein implanting the at least 
one device comprises implanting the plurality of electrically 
inert devices. 

35. The method of claim 34, wherein implanting each of 
the plurality of electrically inert devices comprises implant 
ing each of the plurality of electrically inert devices at a 
respective position in the Subretinal Space at an angle 
between about 50 and 800 off-axis from the macula, wherein 
the angle is defined by an interSection of an axis line 
extending from the macula to a central Structure of the pupil 
and an off-axis line extending from the device to the central 
Structure of the pupil. 

36. The method of claim 34, wherein implanting the 
plurality of electrically inert devices further comprises 
implanting the plurality of electrically inert devices in a 
temporal region of the eye. 

37. The method of claim 34, wherein implanting the 
plurality of electrically inert devices further comprises 
implanting the plurality of electrically inert devices in a 
nasal region of the eye. 

38. The method of claim 34, wherein the plurality of 
electrically inert devices are implanted Symmetrically 
around a region centered by the macula. 

39. A method of implanting an physically Stimulating 
device in an eye of a patient having least one condition 
Selected from the group consisting of Outer neuroretina 
disease, choroidal disease and retinal epithelial disease, the 
method comprising: 

implanting in a Subretinal Space in the eye of the patient 
at least one electrically inert device configured to 
contact a plurality of cells in the eye. 

40. The method of claim 39, wherein the device is 
positioned in one of a peripheral or mid-peripheral region in 
the Subretinal Space outside of a macula of the eye. 

41. The method of claim 39, wherein implanting the 
device comprises implanting the device at a position in the 
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subretinal space at an angle between about 50 and 800 
off-axis from the macula, wherein the angle is defined by an 
interSection of an axis line extending from the macula to a 
central Structure of the pupil and an off-axis line extending 
from the device to the central Structure of the pupil. 

42. The method of claim 39, wherein implanting the 
device further comprises implanting the device in a temporal 
half retina region of the eye. 

43. The method of claim 39, wherein implanting the 
device further comprises implanting the device in a nasal 
half retina region of the eye. 

44. The method of claim 39, wherein the condition is 
Selected from the group consisting of age-related macular 
degeneration, retinitis pigmentosa, choroidal disease, chor 
oidaremia, long-term retinal detachment, diabetic retinopa 
thies, Stargardt's retinopathy, Leber's congenital amaurosis, 
Best's Disease and choroidal rupture. 

45. The method of claim 39, wherein implanting the at 
least one electrically inert device comprises implanting the 
plurality of devices. 

46. Use of a Source of physical Stimulation for producing 
an implant for improving the Visual function of a damaged 
retina in a human eye by applying chronic physical Stimu 
lation to the eye, 

47. The use of claim 46, wherein applying chronic physi 
cal Stimulation improves visual function of at least one 
Structure which is not in contact with the Source of physical 
Stimulation. 

48. The use of claim 46, wherein the improved visual 
function comprises at least one of improved perception of 
light in the presence of light, and improved perception of 
darkness in the presence of darkness, improved perception 
of contrast, color, shape, resolution, movement and Visual 
field size. 

49. The use of claim 46, wherein the source of physical 
Stimulation comprises at least one device in contact with any 
Structure of the eye. 

50. The use of claim 46, wherein the physical stimulation 
is provided to at least one of the damaged retina and a 
Structure of the eye. 

51. The use of claim 46, wherein the at least one device 
is adapted to be in contact with the damaged retina, and the 
applying chronic physical Stimulation improves the visual 
function of at least a structure of the damaged retina periph 
eral to a portion of the retina in contact with the at least one 
device. 

52. The use of claim 49, wherein the at least one device 
comprises a plurality of devices. 

53. The use of claim 49, wherein the at least one device 
comprises an electrically inert device. 
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