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on either near or far objects through a process knowm as accommodation.

Accommodation is achieved by inducing deformation in a léns located inside the eye,
which is normally referred to as the “intraocular lens”. Such deformation is induced by
muscles called ciliary muscles. As some individuals age, the ability to accommodate
diminishes and these individuals cannot see up close without vision correction. If far
vision also is deficient, such individuals ate prescribed bifocal lenses.

[0004] While this approach is sometimes satisfactory, some have proposed
implanting devices inside the eye to improve accommodation for older patients. One such
implant is a pin-hole imaging device that can be implanted in the cornea of an eye. While
this type of device has been discussed in various contexts, and a need for the device has
been idéntified, no such device is currently on the market.

[0005] Several factors make a successful device of this type elusive. In
particular, the device needs to improve the depth of field of a patient’s vision and, becaunse
it is surgically implanted, the device has to have a very long life-span. No known device
has been proposed that has ap adequate life-span.

10006] Because corneal implants are exposed to a great deal of sunlight during
their lifetime, resistance to degradation of the polymer due to UV exposure is important.
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comprises polyvinylidene fluoride (PVDF); and at least the light blocking portion of the

body comprises an opacification agent.

[0008]  In one embodiment, there is provided a mask comprising a body having
a light transmitting portion, a light blocking portion disposed about the light transmitting
portion, an anterior surface, and a posterior surface. In preferred embodiments, the body
comprises a material comprising a highly fluorinated polymeric material, wherein the
number of carbon-fluorine bonds in the highly fluorinated polymeric material equals or
exceeds the number of carbon-hydrogen bonds, and/or at least the light blocking portion
of the body comprises an opacification agent. In a preferred embodiment, the apterior
surface of the mask is configured to reside adjacenf a first infracorneal layer of a cornea,

and the posterior surface is configured to reside adjacent a second intracorneal layer.



[0007a]In a first aspect, there is provided a cornea
mask conprising: a body having a light transmtting
portion, a |light blocking portion disposed about the
light transmtting portion, an anterior surface, and
a posterior surface, wherein the body conprises a
material conprising a highly fluorinated pol yneric
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configured to reside adjacent a second intracornea
| ayer. [0009]1n accordance wi th another enbodi nment,
there is provided a nmask conprising a body having a
light transmitting portion, a |light blocking portion
di sposed about the light transmtting portion, an
anterior surface, and a posterior surface, wherein
t he body conprises a polynmeric material, and at |east
the |ight blocking portion of the body conprises an
opacification agent. Preferred enbodi nents include
one or both of a polyanionic conpound | oaded into the
polyneric material and a wound heal i ng nodul ator. The
wound heal i ng nodul ator may be | oaded into the
pol ynmeric material and/or bound to at |east one of
the anterior surface and the posterior surface.
[0010] In accordance with one enbodi nent, there is
provi ded a nmask configured to be inplanted in a
cornea of a patient. The nask conprises a body forned
from including, or coated with a material conprising
a hal ogenated polyneric material, preferably a
fluorinated or highly fluorinated polyneric material,
the body having a light WO
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I i ght bl ocking portion disposed about the |ight
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the 1ight blocking portion, an anterior surface, and
a posterior surface, the anterior surface configured
to reside adjacent a first intraconeal |ayer, the
posterior surface configured to reside adjacent a
second intracorneal |ayer, wherein the body has a
substantially constant thickness between the anterior
and posterior surfaces, wherein the nunber of
carbon-fluorine bonds in the highly fluorinated
pol yneric material equals §r exceeds the nunber of
car bon- hydr ogen bonds. [O% 1]In a preferred
enbodi ment, the material formng the |ight blocking




portion of the body conprises an pacification agent.
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a portion of the wound healing modulator compound is adsorbed to a carbon opacification

agent. In preferred embodiments, the polymeric material is UV-resistant, and preferably
comprises a highly fluorinated polymeric material such as polyvinylidene fluoride
(PVDF).
[0021] In preferred embodiments, the total weight of the one or more
“polyanionic compounds is about 0.1% by weight to about 50% by weight, including about
5% by weight to about 20% by weight, about 12% by weight to about 17% by weight,
about 0.5% by weight to about 4% by weight, and about 5% by weight to about 15% by
weight. Preferred polyanionic compounds include carbohydrates, proteins, natural
proteoglycans, and/or the glycosaminoglycan moieties of proteoglycans, as well as
derivatives (such as sulfated derivatives) and salts of compounds such as those in the
recited categories. Preférred polyanionic compounds include one or more of dermatan
sulfate, chondroitin sulfate, keratan sulfate, heparan sulfate, heparin, dextran sulfate,
hyaluronic acid, pentosan polysulfate, xanthan, carrageenan, fibronectin, laminin,

chondronectin, vitronectin, poly L-lysine salts, and anionic, preferably sulfated,
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[0026] Figure 5 is a plan view of the human eye with a
mask applied thereto. [0027]Figure 6 is a perspective

wo vem1ssfr7 one enbodi nent of a mask. [0028] Fi gurPer/US2&scM13944
frontal plan view of an enbodi msnt of a mask with a
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[0023] Figure 2 is a cross-sectional side view of the human eye.

[0024] Figwre 3 is a cross-sectional side view of the human eye of a
presbyopic patient wherein the light rays converge at a point behind the retina of the eye.

[0025] Figure 4 is a cross-sectional side view of a presbyopic eye implanted
with one embodiment of a mask wherein the light rays converge at a point on the retina.

[0026]  Figure S is a plan view of the human eye with a mask applied thereto.

[0027]  Figure 6 is a perspective view of one embodiment of a mask.

[0028]  Figure 7 is a frontal plan view of an embodiment of a mask with a
hexagon-shaped piohole like aperture.

[0029] Figure 8 is a frontal plan view of an embodiment of a mask with an
octagon-shaped pinhole like aperture.

[0030)  Figure 9 is a frontal plan view of an embodiment of a mask with an
| oval-shaped pinhole like aperture.

[0031] Figure 10 is a frontal plan view of an embodiment of a mask with a
pointed oval-shaped pinhole like aperture.

[0032]  Figure 11 is a frontal plan view of an embodiment of a mask with a
star-shaped pinhole like aperture.

[0033]  Figure 12 is a frontal plan view of an embodiment of a mask with a
teardrop-shaped pinhole like aperture spaced above the true center of the mask.

[0034] Figure 13 is a frontal plan view of an embodiment of a mask with a
teardrop-shaped pinhole like aperture centered within the mask.

[0035]  Figure 14 is a frontal plan view of an embodiment of a mask with a
teardrop-shaped pinhole like aperture spaced below the true center of the mask.

[0036]  Figure 15 is a frontal plan view of an embodiment of a mask with a
square-shaped pinhole like aperture.

[0037]  Figure 16 is a frontal plan view of an embodiment of a mask with a
kidney-shaped oval pinhole like aperture.
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[0041]  Figure 20 is frontal plan view of an embodiment of a mask with a
weave of polymeric fibers.

[0042]  Figure 21 is a side view of the mask of Figure 20.

[0043] Figure 22 is a frontal plan view of an embodiment of a mask having
regions of varying opacity.

[0044]  Figure 23 is a side view of the mask of Figure 22.

[0045]  Figure 24 is a frontal plan view of an embodiment of a mask that
includes a centrally Jocated pinhole like aperture and radially extending slots emanating
from the center to the periphery of the mask.

10046} Figure 25 is a side view of the mask of Figure 24.

[0047]  Figure 26 is a frontal plan view of an embodiment of a mask that
includes a central pinhole like aperture, surrounded by a plurality of holes radially spaced
from the pinhole like aperture and slots extending radially spaced from the holes and
extending to the periphery of the mask.

[0048] Figure 27 is a side view of the mask of Figure 26.

[0049]  Figure 28 is a frontal plan view of an embodiment of a mask that
includes a central pinhole like aperture, a region that includes a plurality of holes radially
spaced from the aperture, and a region that includes rectangular slots -spaced radially from
the holes.

{0050} Figure 29 is a side view of the mask of Figure 28.

[0651] Figure 30 is a frontal plan view of an embodiment of a mask that
includes a non-circular pinhole like aperture, a first set of slots radially spaced from the
aperture, and a region that includes a second set of slots extending to the periphery of the
mask and radially spaced from the first set of slots.

[0052} Figure 31 lis a side view of the mask of Figure 30.
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of [(;.:()isg]Ljr € f%éﬁre 34 is an embodiment of a mask that includes two semi-circular
mask portions.

[0056] Figure 35 is an embodiment of a mask including two half-moon shaped
portions.

[0057}  Figure 36 is an embodiment of a mask that includes a half-moon
shaped region and a centrally-located pinhole like aperture.

[0058]  Figure 37 is an enlarged, diagrammatic view of an embodiment of a
mask that includes particulate structure adapted for selectively controlling light
transoaission throngh the mask in a low light enviropment.

[0059]  Figure 38 is a view of the mask of Figure 37 in a bright light
environment.

[60690] Figure 39 is an embodiment of a mask that includes a barcode formed
on the annular region of the mask.

[0061] Figure 40 is another embodiment of a mask that includes connectors
for securing the mask within the eye.

[0062]  Figure 41 is a plan view of an embodiment of a mask made of a
spiraled fibrous strand.

[0063]  Figure 42 is a plan view of the mask of Figure 41 being removed from
the eye.

[0064] Figure 43 is a top view of another embodiment of a mask configured to
increase depth of focus.

[0065]  Figure 43A is an enlarged view of a portion of the view of Figure 43.

[0066]  Figure 44A is a cross-sectional view of the mask of Figure 43A taken
along the section plane 44--44.

[0067]  Figure 44B is a cross-sectional view similar to Figure 44A of another
embodiment of a mask.

[0068]  Figure 44C is a cross-sectional view similar to Figure 44A of another

embodiment of a mask.
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[0073]  Figure 46B is an enlarged view similar to that of Figure 43A showing a
variation of a mask having a non-uniform facet orientation.

[0074] Figure 47 is a top view of another embodiment of a mask having a hole
region and a peripheral region.

[0075] Figure 48 is a flow chart illustrating one method of aligning a mask
with an axis of the eye based on observation of an anatomical feature of the eye.

[0076] Figure 49 is a flow chart illustrating one method of screening a patient
for the use of a mask.

[0077] Figures 50A-50C show a mask, similar to those described herein,
inserted beneath an epithelium sheet of a cornea.

[0078]) Figures 51A-51C show a mask, similar to those described herein,
inserted beneath a Bowrman's membrane of a cornea.

[0079]  Figure 52 is a cross-sectional view of an eye illustrating a treatment of
a patient whercin a flap is opened to place an implant and a location is marked for
placement of the implant.

[0080] ‘ Figure 52A is a partial plan view of the eye of Figure 52 wherein an
implant has been applied to a corneal flap and positioned with respect to a ring.

[0081]  Figure 53 is a cross-sectional view of an eye illustrating a treatment of
a patient wherein a pocket is created to place an implant and a location is marked for
placement of the implant.

[0082] Figure 53A is a partial plan view of the eye of Figure 53 wherein an
implant has been positioned in a poéket and positioned with respect to a ring. |

[0083] Figure 54 is a flow chart illustrating one method for making a mask
from 2 composition comprising a highty fluorinated polymer and an opacification agent.

Detailed Description of the Preferred Embodiment

9.
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discussed further below, the masks are formed of a stable material, e.g., one that can be
implanted permanently.
1. OVERVIEW OF PIN-HOLE VISION CORRECTION

[0085]  As discussed above, mask that has a pinhole aperture may be used to

improve the depth of focus of a buman eye. As discussed above, presbyopia is a problem
of the human eye that commonly occurs in older human adults wherein the ability to focus
becomes limited to inadequate range. Figures 1-6 illustrate how presbyopia interferes
with the normal function of the eye and how a mask with a pinhole aperture mitigates the
problem.
| [0086]  Figure 1 shows the human eye, and Figure2 is a side view of the
eye 10. The eye 10 includes a cornea 12 and an intraocular lens 14 posterior to the cornea
12. The cornea 12 is a first focusing element of the eye 10. The intraocular lens 14 is a
second focusing clement of the eye 10. The eye 10 also includes a retina 16, which lines
the interior of the rear surface of the eye 10. The retina 16 includes the receptor cells
which are primarily responsible for the sense of vision. The refina 16 includes a highly
sensitive region, known as the macula, where signals are received and transmitted to the
visual centers of the brain via the optic nerve 18. The retina 16 also includes a point with
particularly high sensitivity 20, known as the fovea. As discussed in more detail in
connection with Figure 8, the fovea 20 is slightly offset from the axis of symmetry of the
eye 10.

[0087] The eye 10 also includes a ring of pigmented tissue known as the iris
22. The irs 22 includes smooth muscle for controlling and regulating the size of an
opening 24 in the iris 22, which is known as the pupil. An entrance pupil 26 is seen as the
image of the iris 22 viewed through the comea 12 (See Figare 7). A central point of the
entrance pupil 28 is illustrated in Figure 7 and will be discussed further below.

-10-
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12 ahBGhe femoealaNReE Arsare refracted in such a way that the light rays 32 do not
converge at a single focal point on the retina 16. Figure 3 illustrates that in a presbyotic
patient, the light rays 32 often converge at a point behind the retina 16. As a result, the
patient experiences blurred vision.

[0090]  Turning now to Figure 4, there is shown the light transmission through
the eye 10 to which a mask 34 has been applied. The mask 34 is shown implanted in the
comea 12 in Figure 4. However, as discussed below, it will be understood that the mask
34 can be, in various modes of application, implanted in the cornea 12 (as shown), used as
a contact lens placed over the cornea 12, ncorporated in the intraocular lens 14 (including
the patient’s original leps or an implanted lens), or otherwise positioned on or in the eye
10. In the illusirated embodiment, the light rays 32 that pass through the mask 34, the
comea 12, and the lens 14 converge at a single focal point on the retina 16. The light rays
32 that would not converge at the single point on retina 16 are blocked by the mask 34.
As discussed below, it is desirable to position the mask 34 on the eye 10 so that the lght
rays 32 that pass through the mask 34 converge at the fovea 20.

[0091]  Tuming now to Figure 6, there is shown one embodiment of the mask
34. A variety of variations of the mask 34 are discussed hereinbelow. Section IIT
discusses some materials that can be used to make the mask 34 and any of the variation
thereof discussed hereinbelow. As seen, the mask 34 preferably includes an annular
region 36 surrounding a pinhole opening or aperture 38 substantially centrally located on
the mask 34. The pinhole aperture 38 is generally located around a central axis 39,
referred to herein as the optical axis of the mask 34. The pinhole aperture 38 preferably is
in the shape of a circle. It has been reported that a circular aperture, such as the aperiure
38 may, in some patients, produce a so-called “halo effect” where the patient perceives a
shimmering image around the object being viewed. Accordingly, it may be desirable to
provide an aperture 38 in a shape that diminishes, reduces, or completely eliminates the

so-called “halo effect.”
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anot her enbodi ment of a mask.
masks discussed below, e.g., those shown in Figures 7-42, can be made of the materials

discussed below in Section L. The mask 34 and any of the masks discussed below can
include a locator structure, sach as is discussed U.S. patent application number
11/106,040, filed April 14, 2005 with the title “OCULAR INLAY WITH LOCATOR”
(Attorney’s Docket No. ACUF0.024A), which is incorporated herein by reference in its
entitety. The masks described in connection with Figures 7-42 can be used and applied to
the eye 10 of a patient in a similar fashion to the mask 34. For example, Figure 7 shows
an embodiment of a mask 34a that includes an aperture 38a formed in the shape of a
hexagon. Figure 8 shows another embodiment of a mask 34b that includes an aperture
38b formed in the shape of an octagon. Figure 9 shows another embodiment of a mask
34c that includes an aperture 38¢ formed in the shape of an oval, while Figure 10 shows
another embodiment of a mask 34d that includes an aperture 38d formed in the shape of a
pointed oval. Figure 11 shows another embodiment of a mask 34e wherein the aperture
38e is formed in the shape of a star or starburst.

[0093] Figures 12-14 illustrate forther embodiments that have tear-drop
shaped apertures. Figure 12 shows a mask 34f that has a tear-drop shaped aperture 38f
that is located above the true center of the mask 34f. Figure 13 shows a mask 34g that has
a tear-drop shaped aperture 38g that is substantially centered in the mask 34g. Figure 14
shows a mask 34h that has a tear-drop shaped aperture 38h that is below the true center of
the mask 34h. Figure 12-14 illustrate that the position of aperture can be tailored, e.g.,
centered or off-center, to provide different effects. For example, an aperture that is
located below the true center of a mask generally will allow more light to enter the eye
because the upper portion of the aperture 34 will not be covered by the eyelid of the
patient. Conversely, where the aperture is located above the true center of the mask, the
aperture may be partially covered by the eyelid. Thus, the above-center aperture may
permit less light to enter the eye.

10094 Figure 15 shows an embodiment of a mask 34i that includes an
aperture 38i formed in the shape of a square. Figure 16 shows an embodiment of a mask

-12-
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periphengiredn #vd apgriner38) pind dremidérperiphery. Figure 17 shows a mask 34k that

has a convex profile, i.e., that has a gradually decreasing thickness from the inmer
periphery to the outer periphery. Figure 18 shows a mask 341 that has a concave profile,
ie., that has a gradually increasing thickness from the inner periphery to the outer
periphery. Other cross-sectional profiles are also possible.

[0096] The annular region 36 is at least partially and preferably completely
opaque. The opacity of the annular region 36 prevents light from being transmitted
through the mask 32 (as generally shown in Figure 4). Opacity of the annular region 36
may be achieved in any of several different ways.

, [06097]  For example, in one embodiment, the material used to make mask 34
may be naturally opaque. Alternatively, the material used to make the mask 34 may be
substantially clear, but treated with a dye or other pigmentation agent to render region 36
substantially or completely opaque. In still another example, the surface of the mask 34
may be treated physically or chemically (such as by etching) to alter the refractive and
transmissive properties of the mask 34 and make it less transmissive to light.

[0098] In still another alternative, the surface of the mask 34 may be treated
with a particulate deposited thereon. For example, the surface of the mask 34 may be
deposited with particulate of titanium, gold or carbon to provide opacity to the surface of
the mask 34. In another alternative, the particulate may be encapsulated within the
interior of the mask 34, as generally shown in Figure 19. Finally, the mask 34 may be
patterned to provide areas of varying light transmissivity, as generally shown in Figures
24-33, which are discussed in detail below.

[0099] Turning to Figure 20, there is shown a mask 34m fornied or made of a
woven fabric, such as a mesh of polyester fibers. The mesh may be a cross-hatched mesh
of fibers. The mask 34m includes an annular region 36m surrounding an aperture 38m.
The annular region 36m comprises a plurality of generally regularly positioned apertures
36m in the woven fabric allow some light to pass through the mask 34m. The amount of

light transmitted can be varied and controlled by, for example, moving the fibers closer
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[00731Figure 46B is an enlarged view sinmilar to that
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wo moa1837f orm facet orientation. [0074] Fi gure BGI/US2086/013944
top view of anot her enbodi ment of a mask having a

hol e regqi on I '
onslh e bl B o aeBE B mERC AR LORERUE) e 148 i v
pass TR ﬁl_Wﬂ{ émpﬁéﬂlh exwafﬁathz@ge&aeamo@heasro\m)mmanfoe varied
an arnatom ca eature of the eye. 0076] Fj

to alBv insore of ke lighuttrough Urstopaningg ob e et oMatsmg the fiber strands

screening a patle t for the use of a nask.
lafgf[fGW P?%GPB%@A %%%:31‘5“‘?11@)% a mask, sinmilar to those

depffooped Mgns! 2 shl[}%-g;atéfg?%s&ﬁ%h e eRiskN®ln b includes an
aomianiegin, 56 thodms debovgibod Wi gifrertreritiet BRcarRIc of the
annu?:r\,\gagxnons?:énne rxgabf{yagr%dgafllyaa&? progresswely increase or decrease, as desired.
Figure 22 shows one embodiment where a first area 42 closest to an aperture 38n has an
opacity of approximately 43%. In this embodiment, a second area 44, which is outlying
with respect to the first area 42, has a greater opacity, such as 70%. In this embodiment, a
third area 46, which is outlying with respect to the second area 42, has an opacity of
between 85 to 100%. The graduated opacity of the type described above and shown in
Figure 22 is achieved in one embodiment by, for example, providing different degrees of
pigmentation to the areas 42, 44 and 46 of the mask 34n. In another embodiment, light
blocking materials of the type described above in variable degrees may be selectively
deposited on the surface of a mask to achieve a graduated opacity.

[0101] Tn another embodiment, the mask may be formed from co-extruded
rods made of mater-ial having different light transmissive properties. The co-extruded rod
may then be sliced to provide disks for a plurality of masks, such as those described
herein.

[0102]  Figures 24 - 33 shows examples of masks that have been modified to
provide regions of differing opacity. For example, Figure 24 shows a mask 340 that
includes an aperture 380 and a plurality of cutouts 48 in the pattern of radial spokes
extending from near the aperture 380 to an outer periphery 50 of the mask 34o. Figure 24
shows that the cutouts 48 are much more densely distributed about a circumference of the
mask pear aperture 380 than are the cutouts 48 about a circumference of the mask near the
outer periphery 50. Accordingly, more light passes through the mask 340 nearer aperture
380 than near the periphery 50. The change in light transmission through the mask 340 is
gradual.

[0103]  Figures 26-27 show another embodiment of a mask 34p. The mask
34p includes an aperture 38p and a pluarality of circular cutouts 49p, and a plurality of
cutouts S1p. The circalar cutouts 49p are located proximate the aperture 38p. The

cutouts 51p are located between the circular cutouts 49p and the periphery 50p. The
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an annular region 36r that is patterned and an aperture 38r that is non-circular. As shown
in Figure 30, the aperture 38t is in the shape of a starburst. Surrounding the aperture 38x
is a series of cutouts 51r that are more densely spaced toward the aperture 38r. The mask
34r inclodes an outer periphery 50r that is scalloped to provide additional light
transmission at the outer periphery 50r.

[0106]  Figures 32 and 33 show another embodiment of a mask 34s that
includes an annular region 36s and an aperture 38s. The annular region 36s is located
between an outer periphery 50s of the mask 34s and the aperture 38s. The annular region
36s is patterned. In particular, a plurality of circular openings 56s is distributed over the
annular region 36s of the mask 34s. It will be appreciated that the density of the openings
563 is greater near the aperture 38s than near the periphery 50s of the mask 34s. As with
the examples described above, this results in a gradual increase in the opacity of the mask
34s from aperture 38s to periphery 50s.

[0107] Figures 34-36 show further embodiments. In particular, Figure 34
shows a mask 34t that includes a first mask portion 58t and a second mask portion 43t.
The mask portions 58t, 43t are generally “C-shaped.” As shown in Figure 34, the mask
portions 58t, 43t are implanted or inserted such that the mask portions 58t, 43t define a
pinhole or aperture 381.

[0108]  Figure 35 shows another embodiment wherein a mask 34u includes
two mask portions 58u, 43u. Each mask portion 58u, 43u is in the shape of a half-moon
and is configured to be implanted or inserted in such a way that the two halves define a
central gap or opening 45u, which permiis light to pass therethrough. Although opening
45u is pot a circular pinhole, the mask portions 58u, 43u in combination with the eyelid

(shown as dashed line 47) of the patient provide a comparable pinhole effect.
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of %Lﬁ@tﬁa‘?ﬁﬁ?ﬁg #é‘@ @Z@gﬁ% . iﬁm:i, N8 da286eS pihiblated) Sy, M| discussed

nction of t ow a mask wth a pinhole
abo ) @idylillermitively deekepodiedpndbd amfack 0086 IEsiure 1 shows
the human eye, and Figure 2 is a side view of the eye, .
10.10%44 ey g onaigEal,g §heanE6]F néa Y Beng, iocompatiblé “polymeric
mathr1" %%a‘ﬁ LeAS,sbd ﬁ%%%ﬁﬁristsgitﬁmg f5OhAN g 12 gel T N8xamples of
cOrnea 1 872 1 Tst Tocusi ng el enment. of the eye 10.
suitdble ndériado fitltbe maek S4lLidclnde thesmefendd polynsitmdmetheophite or other

.of the eye 10. The eye 10 al so includes a retina ,
suitgiip pRlymeRe sughes Pwmaat%faﬂaﬁ%e ’:ﬁ%rggﬁﬁ%és ! %Fg above, for
nong%eﬁﬁ%lgd mRGidE eh@d'n‘?&lm‘i‘ﬁ‘?ﬁagﬁ hea BEARR IUterdd] &Rh as a Dacron
ICh are prirarily responsiblé for the sense of

meshi sion. The retina 16 includes a highly sensitive
regi on, known as the macul a, where si gna
re

a, are ... .
8114 atbevparks it BRY 180 (empig Jal elole of dnegfcipp]ofiuid or
matBGA Bachl B I GuBREEE mﬂ S whnd ﬁ@ﬁjﬂgﬁ[hbﬂ\ﬁaﬂaﬁ 1184t 280 be selectively
rncludes a pornt wth particularly~high sensitivity
rele2d dwpwpphcationpifsentioa, oAsmpiasttios ef theymusk 84detoaibe eye of the
in connectigon with Fjgure 8, the fovea 20 js slightly.. ..
patigpty s Belepseopf ap cangibjaticqer g%ﬁwd Jiealing, rzagllélfai?}' aftr ap¥)11cat10n,
i AN job i | ! hg BB MeLHhcision. Th
inser S o SR Riol Rl s R e g ciion. The
mask®@biray nilschecdaed ediht othéd desgredrdugsegantibiotiys.t fier ekanaple, it is
of an gpening 24 in the irjs 22, which is known,as
knopethaf ghofestenpl depopish e Bl YP 98 e oXse fhOGeT ol fhiapask 34 may
Jal . r
be S €2 R0 198 380 s on
surfase bf the3hashitRidor, in Fh gltemaveaembaedilent) encdirreted édo the polymeric

further bel ow. .
material (such as PMMA) from which the mask 34 is formed.

[0113] Figures 37 and 38 illustrate one embodiment where a mask 34w

comprises a plurality of nanites 68. “Nanites” are small particulate structures that have
been adapted to selectively transmit or block light entering the eye of the patient. The
particles may be of a very small size typical of the particles used in nanotechnology

applications. The nanites 68 are suspended in the gel or otherwise inserted into the
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WD 20061113377PCT/ US2006/ 013944 [ 00881The eye 10
resides in an eye-socket in the skull and is able to
WO t@bAaiz7t herei n about a center of rotation 30PCT/US2006/013944
[ 0089] Fi gure 3 shows the transm ssion of |ight
~ through the eye 10 of a presbyaotic f o .
intergartaRShe Tape kot e BRI YD Rogfugs §Dhnf 5y (T Bardifls 68 can be
| L8 okt 1ighs emBfontidasl € control, 1ight
Preprogd ?%&Igﬁegéoslﬁgogiﬁfgﬁeye #‘O and passing through the )
co WﬁaL 12 Bng, shehowt imBigutead 7, | iendight lightcenviormente dhe nanites
in such a way that the Light rays 32 do.n onver g .
68 tum andaporgion PeERvEOROLBRNHD Tk eleye) Do RERE OF the tight
o bt S t . ; hirddatenf herelin® debigdble for more
f“m}%?%t%%g%énﬁg\gﬁ‘be&%eﬂgﬁ?hgg?m behind the retina
lightltB-enf tie éy@Shidites bl regtondrbly tevabey ordrecaberbliser pasitioned to allow
vision. [0090] Turnjng now to Fjgure 4, there is shown
more Hght|tp ghter theghe @s sBoBA 11 Figy ‘the eye 10 to which a

mask g hag begn ;anpl §e dallide S RN own in
i ‘{ﬁ:}%! edaﬁ?{mt%g“%r n(gadﬁafﬁ?ﬁ | g&gs 4. ielov_veverl,q?sasgr L

labofltSi§44s SR RRkteymaly thevirdatedosch ke risdyoavdl reduptive ediffissdat stimuli
34 can be, in various nodes of_ application

. i npl ant.ed
suchi a5 light. dopersadange vath enrompet of dbeipigsend iTRfighBe gRutes can be
. __placed, over the co i | f¥el ,
P i P S4B IGSRRY PR Sorrmcs, oy
rotateGR $hedhaBiey U65REiBed Ssbvleand pendillpshoemin Fegyred8t i oned

on or in the eye 10. In the illustrated enbodi ment. bed i
t hg01i6jht Nayascale dewices gad sytieps gah ﬂtq&refﬁ%ﬁe ghiogyareydescribed in

cornea 1 .the |, 14 r  dnngle f ;
Sl it on \PAGLPARTRE: TR TR PRt SRR o] nd
CraidfbadC ORMEEEtRindchfhisd] "SYstenidg! Btiente, Natvienberd 8422€00, Vol. 290,

I'ocked by the mask 34. "As discussed below, it .is. . .
pp. d662-150%,ebath qfowhichoaret ineompaEAedsy grfermee dipkein gnglgeir entirety.
that the |ight rays 32 t D _ he.: dolosed i
Tilori g aroReeh o p 7 PrepR T, PERHE PGS hfcosed in
Chef: of hgr eDishiaRoUNPRRR iTbRdiEeBasadl onhd waBkmadsiondl Artificial
variety of variations of the mask 34 are di acusse

Dieleetries,ib@btew. Lesersi drnuarylilde s Vedbme2reier P P8- Sibar123, atso

. _can be.used to ke th 34 and any of the
mc%‘?@?ﬁibgﬁeg?%?%g‘?m&%éﬁseggf ier ei nbel ow. As seen, the
g1y Pr #f8kABUYmiaae | it desorlanan Riithather pgsan iBGention may be
surroundi ng a pi nhol e openi n%,or %gerture 38
=TS

furtbersodified &l inglude pthen prapertinsa ehvargembodimpgpt of a mask

pj nhol.e. apert ur i e .l ocated around a
34x, ?‘Ft‘?‘fl?deﬁfiebé"r 5@?% ﬁ?@%%cﬁ?% , iél%ilglkag as the optical
axi@1pf] t hensaskksddesditedrhérbiol Bapherindopotifed into the eye of a

preferably is in the shape of a circle. It has, been .
patiesipiordiferetiaaysa Ko gumple, s slitcypsed in grage detait aglow in connection

apertur 8 sl N_SQME_pati £

wit} Bt /5% ik 4 Pal B° AP apef B2 opRhtddi oo on tho srface o

the ii?ébm'ﬁ@ N2 HRUEK Hemabibesicopgiragd wi avedificial intraocular
ccordingly, it may be desirable to provide an

Jensdsigned & BPlon the erhgipdl lewal4 of te priiges Profaaklyeloweyer, the mask
34 fsopxnglu%gg lagl aeclolrnrgai1 %glsantt Qre' z%f, %\ﬁllelreeﬁj 18 B@sﬁ:aﬁ&fiﬁ&wd between the

layers of the comnea 12.

[0119] When used as a corneal implant, layers of the cornea 12 are peeled
away to allow insertion of the mask 34. Typically, the optical surgeon (using a laser) cuts

away and peels away a flap of the overlying comeal epithelium. The mask 34 is then
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H. MASKS EMPLOYI NG PI N- HOLE CORRECTI ON [ 0092] Fi gures
7-42 illustrate a variety of enbodi nents of masks

WO 2doatt13zan i nprove the vision of a patient w t RCT/US2006/013944
presbyopi a. The masks described in connection with

s g AR R BB o R i i o bk
andgjgﬁlg {62 ﬁ%&ggﬁlo Bitsorfle BmbodiiRnes, FRONEK T4 fi BUEIRR oi-hd to the eye

the materials discussed belowin
10 Beetpmnt krdnds THeamh 34 sBawania Eigyreot0 ek garesilly described in U.S.

Pardpe Nt A0 7L BHPTOp Rt BTy SRR e or
} %?%HOA'O’ b8l ARbinktahfes, 40 QecohhBddibend hiake I%Ig’ the surgeon

I NLAY W TH LOCATOR' " (Attorney' s Docket .
may\Gheq@AdA)o, rasmivehadditionat eoperhtissieheTlaisy ibyone embodiment, the
ref erence i\rl?i ts entsf'rret%. %ihe sks dgzﬁri bed iEt 4
SurgegRTBEY Poh 2WpteR RiRgEy a¥ay 2dgitions] layers, o dNe, fierngg J¢ i provide a

f | i Ji2htfB ' corpea 12
pockR hiledipPiad (ORISR 5! APIRUTS At Ak 98 6 fho com
of therbweli Orefih pafiert isdederiBddin paetiter dethil de sormmectgpewithribgures 50A —
38a formed in the shape of a hexagon. Figure 8 shows
51Gnot her enbodi nent of a mask 34b that includes an
ap e 3 i D ! HeTo: s
PG SASoUaTBE (b ik SETREy B ANARL A Bnply aking a
additiehldedsian apefd ¢omed8L2,f liftingd then flup earslh apeovofig dhe mask 34.
oval, whjle Figure 10 shows anot her enbodi nent of a
Aligraaiively @blatien techriquercgay he assdrip spapleiely rananedhs magly3d-

sh f a INf e .1El . K 34y that

o e Tk £E ofY 95 AL Bndh BONRLARR, BEg amask 34y tha
incth@éseeebiled strhed 8thape fibfous o8 biler afat@iahr Bimsk 80 is coiled over itself to
 [0093] Figures 12-14 illustrate further errbodim-rl:g_nts .
form ke haske 3twawhishomay Haerefpra her fercaled g gusarel-ikepgek.  This

dligkhati g il ARAIBAR" thy ' cEnrSBhf the mask

ma?ﬁ%%ﬁf’%‘g%{g 3 o?/g)rttaﬁe rgua(ew'c%lﬁter 0 Rtﬁhe TRSK §4f © mas
34yFiThé Bask3 B hambearemoskd Byg tédimicidinor argeearwisy gpsps the sirand 80

_shaped %Perture 38g that is substan iallnggnt eged |2
with freesraesiS2atEueh ap Arening WadnE % lar ok thememesh 1 2. figuge 42 shows

. t - rg?? ped aperture 38h that is below the true
ﬂnsg%%?\égto ‘ﬂ% mask 34h. Figure 12-14 illustrate that

t hegopesyi t i Garthér pgr dotdits @adisostdin BiSeRatent No, 4,976,732, issued

centered or off-center, to provide differen fects, .
Decegiber k bnif1989, andrindpér Paieat ApplicationNg, ép@é“tﬁ’é%ogfeﬁ ﬁ@ay 26, 2004,

o te %kmg&g]? b cal Js nore |ight
bo@é#‘g’%%e%}? 8%}?%“ ecause %@%%B\éﬁmﬁgﬁ#‘% ‘of the

aperture 34 will not be covered by the eyelid of the
INLPPREFERREDWERERIST ANG POLNMERICt MAS K M A TERIAES

above the true center of the mask, the aperture may

be pazd) al RechRemednlk hhe aeyvglideh Batfice td1&olume ratio and is

above-center aperture may permt less |light to enter )

exposrd toyaegredtGloalufisugligle foBowmaispiantatinpothicrpask nseferpbly comprises
sk .34 .t hat includes, an eriture 38 .fqr LNt

» g iy D e Eepiree 18- drenteil AUIRRclfn, Papse to
uliripslet (B4) dih8iheh Iavleh RS VE BRPetoBARES Hckid®E a WV absorbing

w || be appreciated that the apertures shown in )
conffiogante sngludipgatbeserenonipyisings MV arbporbingn addiivesc gr gpade with UV

apertures. O her apes and_ arrangenent s . he
absIBEA O ANt PR BEShOtaY T aoy fn Jgffind masks as
disdl6848 Hek QR which are resik@BPR] dddiaddiRdnkoy3d ViiatiatibAb Bratidtes of such

a constant thickness, as discussed bel ow. However, in
polyoers incthde) itk ate pott breited ite khessdestribeseinn sk Petept Wosy 4,985,559

bet ween the inner periphery (near the aperture 38)

and the outer periphery. Figure 17 shows a mask 34k

that has a convex profile, iige., that has a gradually

decreasing thickness fromthe inner periphery to the

outer periphery. Figure 18 shows a nmask 341 that has

a concave profile, i.e., that has a gradually

=




[ 0097] For exanple, in one enbodi nent, the material

used to make mask 34 nay be naturally opaque.
wOAbdsansezvi vel y, the material used to make thePORSIB2@4/013944

may be substantlally cl ear, but treated with a dye or

wEhEL aﬁi,%gsrz@s s Bhch b B SRR e in i
ReFeil feﬁﬁ;%di%fenf hige 'Tﬁﬁék &ﬂnﬁfﬂ;&%s hembfegial ellich itself is

physi caI T;J or chemcally (such etching) to
resistatieto tégradationdut IHE rahdlcm; ahseng 91%’@(11@'@@1%&@ maaskogomprises a

t he_ mask 34 transgm ssive tp, |
Polme%qlaﬁeﬂals ﬁﬁq I%ﬂﬁ’ﬁ‘ﬂ%‘? ally R RpiBS g g FrehfloAL 8 Mgation.
!ﬁﬁk 3 &H@hﬁa@k Viﬂhﬁ)h iR & 'c@ﬁip@h&lt which imparts a
dep S|ted ereon or exanpl €, the surface of the

deg[mlakorﬁ ﬁesmﬂye bffectepompy e mwmcﬂpqowrth |a019m@n§ p@efferably at least on the
titan Qr carbon to.provi. opa to t

ot b S R A CERAToFHUTEEL o SHEY | PEopRS may be

1nclﬁﬁ&% 'f&ué)?aﬁnﬁ)lg% ﬁ@mﬁﬁ% 3ne le alopé d%&ﬁﬁ&lﬂf@ﬁstbﬁt fﬁﬂjﬁ@érs with one

he nas as generally shown in Figure .
or Frionaloklyer lidljanarask Sﬁdl ridgnds empytallzer nemmﬁ péditivere which provide

oty v b SRR UL AT b,
B

and"EBI0 &ft. 9% of yas bemokd Begradatichaesisisit puigmbe n another embodiment,

bl TAPBE Ry 6? 198hp SeR S DNt g o RO wi%, 85-
95 139 Ao a%“%/@%é ‘S‘ﬁ'ao/f’ l%f%%@sqﬁ-%;%e%ga&gy% ?%sgétéé% molfifﬁners In another
emumﬁﬁentt farblendaiias avors equvilegihpropatipasst mﬁtmalgrcompgsmg a total of

g b v oy S e A2, S one o mere

de A(QS{)IE EhiQss olyﬁe%ooﬁ/fa%ﬂssﬁégpﬁgé URZANOHIARO B different types of
& er or % er apart desired. Fibers nore

7 de@aﬁnﬁeh yes@hit@it pobuibeas] iatldinglthee Blergistcownpvaags)mehn ough generally

t he annul ar region 3?m Ate natlvepé t hi ckness ting UV
UVpfransppesnt Oéefﬁﬂ?fél"§a?q eVl | G o I%POYé%egs FRegHcrating

absa{}}[n%ﬂ %ﬁd{ﬂ@@s OPRIRhSS O FTH e LR E inc¥MaK iitGe ‘hﬁﬁnfg 'alistral of about 1-
ran

arger resul'ts in the openings bein
20 (V090 Gddhidibg ebdR 151wt Yg 5- Sk, amhi0-30 wai.%m mmﬂnore generally

that includ | t hat -.h .
B R
95 b1, 24 @baerOrﬁQ%% 0B dr Fid¥e BERGHB) Uy t?e?lgparent polymers, and a total

ogr essi vel I NCrease or decr ease esired
of Eb(gu r -G vﬁt%y\mcmnhng mbouti HE60 whis; end 40-30wt&6 e are or more

e e, T Bl BT gt i
oﬂléﬁlrzmaﬁgﬁaféqaé SisOulsby 'b@lgm}’\"lflau&ﬁ%ﬁﬁﬁtt ndt%ihfi& {d, 'ophciBt@fdon agents,

as a greater opacity, as 70% In this
polganiosic RBmipouadst duidfct veoumd heblinguriodhlatos compbyidsg Whehmixed with
respect to the second area 42, has .an o

thepe pihee magialy, the@wgourh of folarer WaPYyRes @nﬂf t‘ﬁ% maigripl which

malf 6] SR IO URIGly SO 0TV eilh, Wit SGAEC0R-90% by

weldBgbes 65583 Grendight] about 30-8R% tayr waghw 2nd 4bbuh BH99%: byf weight.
the mask 34n. | n _another enbodi nme

mat €128} s d%refeﬁ@dtdyg:@ aionJesigiant w@rs Iu?p%d(ﬁk}fagqﬂegggd polymers.

ergedel?zﬁ ﬁ%teﬁ z)c ﬁﬁ%ﬁ\% ‘iliachglJ(@r a %ﬁdﬁy&:@&s tdhg: i3 @lfiﬁ&s having at

zeaanﬁiehefb@n@aﬂmmma inudingskighyyfileeinhied rpetymmnﬁhe term “highly
co-extruded rods nmade of material having different
l'ight transm ssive properties. The co-extruded rod
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wozoﬂ?hs’ﬁ’ﬁ” be sliced to provide dirsks for a pbéf@‘skdalf/o:t:mu
~ of masks, such as those descri bed herein.

[0102] Fi.gures, 24 - 33 shows exanp|es of masks that
fluorifaled” Be &ns veer Poreid, {2 brend igam eyl Brids erdintiry penseapd inchudes

: L. exanpl.e Lgure, 2 sk 340 that
potyfS Bhiile of Rast S B Eoo B oot oF dopdy Ve it Bymber of CF
bonds}8qidls bhexBrlil T nRhbEALE 3 | ‘ i
o _nggr Sthe gperturenBSO tgfahrbgg-t@gr&%gg%itbgﬁgér )f}g-%-%'i)g?ﬂst)he}i{zghly
fluorinatett n3xterialfFelyarinclade phdvorinkiad of Helycfitainmsed Batiials, materials

i stributed abpout, a circunference

whict{ P48 G BAIOEER SHBENOGRS 586 ot ARHASC SR el ginclnde

b . '_ . r o

oy Bt R S POl B Er s Aol (BRI g gt of

bondstihey e skutéd by eefefingpetheuhencsfa(s) barepagais 4418 which form the
periphery 50. The change in |ight transm ssion

- polymen, 35 gn thheasrwd e copelymerghiatheaplatipoanamts gfipach reen@ier (on a

molar%gg anot her enbodi nent of a mask 34p. The mask 34p
I'ncl“ides an aperture 38p and a plurality of circular

cig1ay} s %@fm@adai%lplﬂuo@ﬁafeaa Syt QHERdS Bt add'fot limited to,
‘ circular cutouts 49p are | ocated proxinate the
polytetipBroroeibylap (PFRE aufeinnd),5aglyengidene dinpdide PWBFhot Beynar®),

ircular cutouts 49p and t he_periphery 50 The WO .
poly-1 o HraShilt. bbb g ¢ CEIM- o1 ey highly
fluorinatddo RO Ak Yarl
) aper ul?léégsgp t owar t%%‘%ﬁ%ﬁ%%%&%@ﬁ%@@ﬁ%dmm
includi@pomef ort erenwfsthe JdlowmgsnahdmgeachiBy tetlafiufoessiee -@F,-CF,)-;
. ..the cut_gut 51, _which extend inward fromthe
vinylidsa fyREdy -E8p-CHa-dl. | Sritidlspmocthyipe -(FafaHE) -t hexafiyhropropene
-{C : . neripheny-50n. [ 01041F qur &8s 28-29 . ,
(PRIl DRt AR R WAL AR v
oxygen2€ontaining monomers such as -(0-CFp)-, -(0-CF-CFy), ~(O-CF(CF;5)-CF2)-;
'chlorine-containjng monomers such as -(CF,-CFCl)-. Other fluorinated polymers, such as
fluorinated polyimide and fluorinated acrylates, having sufficient degrees of fluorination
are also contemplated as highly fluorinated polymers for use in masks according io
preferred embodiments. The homopolymers and copolymers described herein are
available commercially and/or methods for their preparation from commercially available

materials are widely published and known to those in the polymer arts.

' [0128] Although highly fluorinated polymers are preferred, polymers
gaymg one or more carbon-fluorine bonds but not falling within the definition of
highly fluorinated” polymers as discussed above, may also be used. Such
| polymc?rs include co-polymers formed from one or more of the monomers in the
prccedm'g paragraph with ethylene, vinyl fluoride or other monomer to form a
polmenc material having a greater number of C-H bonds than C-F bonds. Other
ﬂuonflated polymers, such as fluorinated polyimide, may also be used. Other
mate:-nals that could be used in some applications, alone or in combination with a
fluorinated or a highly fluorinated polymer, are described in U.S. Patent No.
.4,985,559 and in U.S. Patent No. 4.528.311, both of which are hereby
mcorporated by reference herein in their entirety.
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27 wherein a mask 34q includes a plurality of
circular cutouts 499 and a plurality of cutouts 51q.

wo Hwnestouts 51q are di sposed al ong the out si BET/0S2006/013944
peri phery 50q of the mask 34q, but not so as to

2L N5, 58 SSCERREEAHBREA o MR B et vy

ehﬁbcldfdﬁs &0 ahiiey r@;&ieorpréiﬁﬁed hgV.reSisipal Rlyedica Rtaterial is
an aperture 38r that is non-circular. As shown in
polfvigulidens (luoride (BY&Hubeviggr staicture F@esgh'@éé%ﬂleaformula -(CF>-

e Hish cepasipt (i Ay bty B Bt o S G by gBecause the

nuthb& AREE bUAR eﬁ?éls of BEcddBS the 3inblen§f CIELBORR, WDF'homopolymer is
peri phery 50r is scal loped to provi de additional

a “highht flvoramtad’ yolbonerat Andtherompterialisra M@ﬂg@r@@hylenelwnyl fluoride

onaRet i tm e (e S ) 27 1 EO/FO 0 R of whether

the@B&IIHAE Rifred THE bAIMRY| 18 ddiu® 310 Anyd GsthdrS ﬂrﬂfg@ln% from the 2:1
© giﬁ;\/\/e}g% an oﬁter peri phery 50s ofygt he rmaask 343% om e

tetrefiworagibylens: mnSBsﬂuoﬁde emnpﬂ»mon @gﬁ ocans Peesiigie a “repeatmg unit”
patt.erned ul ar of r.cul a
I@%% B erisen sy BUbRae B G bopds apq one vinyi
%@& SESH bdnd¥ drdd S TPHRMEAL EHe tt@lﬁf bbhA® for two
enS|ty o TPhe openi ngs 56s i s greater near
tetraﬂmrt}eﬂaﬁeﬁ@saﬂdwame wagi flloedperd pher §-F5bendsf amh @mmﬂeﬂ bonds.

34s. h t anpl es descri be 0 t hi .
Beqa@%mesn glf Gl Aoni eqwals o ieﬁcr"teﬁ%%gﬁ‘paww 8 Crlebonds, this
to periphery 50s.
%ﬁ ?Oé{ﬁ{dgégdgﬁgggwgggévﬁ urther enbodiments. In
par [01680] ar CekiagLhighB4flwdrmatedepalmades,Bitch th VD) dlavelese or more

dw%s%lérci%@c?%é%sgﬁéicb?%r@?%@wxs "Gtk gre i bavide a reatively

hg%ﬁ'ﬂarenc%sa§ gﬂﬁ@afgﬂ 151 @i %oﬁﬁu&ﬁ%eﬁ%kle&oﬁfghﬁﬁﬁuormated

t are i nserted such that the riask
commrparbptﬂyﬁsm Mﬂiough fthen@;mcmtrdmet sotantead &r beibenr@idsy theory, it is

po#é%tgg ] !ngﬁ{qge; g’%@@g&“&%ﬂ% %Emggb n?a%rl gg%sp\ggs%l%i E)r amany of the
desirable properties of the materials having relatively large numbers of C-F bonds.

[0131]  In preferred embodiments, at least a portion of the highly fluorinated
polymer material forming the mask comprises an opacification agent which imparts a
desired degree of opacity. In one embodiment, the opacification agent provides sufficient
opacity to produce the depth of field improvements described herein, e.g., in combination
with a transmissive aperture. In one embodiment, the opacification agent renders the
material opaque. In another embodiment, the opacification agent prevents transmission of
about 90 percent or more of incident light. In another embodiment, the opacification
agent renders the material opagque. In another embodiment, the opacification agent
prevenis fransmission of about 80 percent or more of incident lght. Preferred
opacification agents include, but are not limited to organic dyes and/or pigments,
preferably black ones, such as azo dyes, hematoxylin black, and Sudan black; inorganic
dyes and/or pigments, including metal oxides such as iron oxide black and ilminite,

silicon carbide and carbon {e.g. carbon black, submicron powdered carbon). The
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two mask portions 58u, 43u. Each mask portion 58u,
43u is in the shape of a half-nmoon and is configured

wo teshessinpl anted or inserted in such a way t hRCTAUREN06/013944
two halves define a central gap or opening 45u, which

on S S oSS ISheH e B GRS coe
mat?ﬁéﬂs 2‘]}? 8%%51 f:bf1% &t%}ftﬁéeapﬁﬁ% ttﬂoﬂesd}%e AR RS Bﬁﬂle mask on
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Making @N0eslhTRAflaidrTe bethooMmakich3de incorporated herein in their entirety by

reference. As used in this context, “exclusively” is a broad term that allows for the

presence of some non-functional materials (e.g., impurities) and for an opacification

agent, as discussed above. In other embodiments, the mask can include a combination of

22
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e r 95
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resiilfihg s61E6n hﬁﬁﬁﬂﬂ:dl to d $iticemtwafet Yo cﬂe@tt]a?ﬁdl‘bﬂﬂksﬁhﬂ ondlie silicone
in accordance with the present inven

disk.urkierer approxmmaielyt 8 AE i & Vaier® %Pri? tffnzl\émﬁisg&?ﬂ“éed mto 2
dls]gegjism%o% ggo% %ﬁﬁ?zﬁioﬁeél{ a g{hc 3%hetdiRlonk ARKYE Bic8d on the

prin i ndi ci a.
spinner of a spin casting machine and the dispensing barrel is used to apply a bead of

PVDF/carbon black solution to the silicone wafer in a circular pattern, leaving the center
1” diameter of the disk empty. The spinner cycle is actuated to disperse the PVDF/carbon
black solution over the disk, forming a uniform 10 micron thick film. The coated silicone
disk is then placed on a hot-plate to evaporate the DMAC. At step 2500, the coated
silicon e wafer is placed under an Eximer laser. A laser cutting mask is mounted in the
Iéser and the laser is actuated. Using the laser cutting mask, approximately 150 corneal
mask patterns are laser machined into the PVDF/carbon black film. The comeal mask
patterns are arranged such that the material extending approximately Smun from the edge

of the silicon disk is not used. During the laser machining, the silicone disk may be bathed
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[0118] The masks descri bed herein may be incorporated
into the eye of a patient in different ways. For

woeonanpisg7 as di scussed in nore detail bel ow i RCT/US2006/013944
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proteoglycan, dermatan sulfate proteoglycan, and dextran sulfate.

mask 34 is
; (D/OR: BRE

[0137] In one embodiment, a polyanionic compound comprises acidic sulfate
moieties and the sulfur content is greater than about 5% by weight, preferably greater than
about 10% by weight. In an even more preferred embodiment, the average molecular
weight of a polyanionic compound is about 40,000 to 500,000 Daltons.

[0138] In a preferred embodiment, the total weight of the one or more
polyanionic compounds in the loaded polymeric material is about 0.1% by weight to

about 50% by weight, including about 5% by weight to about 20% by weight, about 12%
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[0123] Further mask details are disclosed in U S

Pat ent No. 4,976, 732, issued Decenber 11, 1990 and in
wo bbo®i1188at ent Application No. 10/854, 033, fil e@#CNEIF2ME/013944

2004, both of which are incorporated by reference
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proLt glpﬂpy uori nated polyner, or another simlar
Meyerdeq! . EOAlEdrhALS tehbddivheritd) @neas knoviet woure ledaling modulators are
di scussed in nore detail in U S appljcation _
bourkl] 1@ gbe Seplant| wdnDeeEnpaeble method Kqbigding figgs or other useful

" Met hod of [ lar. " [ .
compyiaot, Fapret) A8y Mokt (@b RRORE py Al pRRAs e Hhcking deug
delitdr} ldeviche witach aélivikd aggaocdlbuirathel apd afitithplaatation @f placement

which are incorporated herein in their entirety by
overapaiodfdimeds used in this context, "exclusively" is

a broad termthat allows for the presence of sone

v. DOk CONRIARED %0 Rifp (e

e ent t he S E:an_i nclude a,conbi ét-' qn_ . of

A o, Mgy Slioreaciting BRY ST 1EER B Rpie dorth of
foous QA tRA. Rhdidos RIditfdl ARt 3badinfentPdre disthssed Belo%. Some of

coated with a UV resistant material. |In another

the umboditients, deshrbediwiow irsluddanitgens tanspast gruginres that are configured
degradation inhibitors and/or one or nore W
degradation resistant polynmers in sufficient
concentration such that theppask under normal use
conditions will nmaintain sufficient functionality in
terns of degradation to remain nedically effective
for at |east about 5 years, preferably at |east about




[ 013511l n sone circunstances, corneal inplants are
associ ated with deposits on the cornea. Loading of

WO 0006/1337T0r € pol yani oni ¢ conpounds into the pBCYRB2606/013944
material of a corneal inplant may reduce and/ or

to e%ﬁgﬁzteg{}%aﬂﬁﬂaﬂl B e b%ﬁs/%gxﬁ O ﬂs&?esgo%f\%ﬁﬁtaﬁng transport of

possibly by attracting a retal ni ng
nutfients acress th® b86k.| Mhe mutddnt tarchoendmdintenéf dohe: eftBie embodiments

r | yani oni ¢ conpounds incl ude_carbohydrat es, o
desg?ott?ﬁe@%‘? il’i%t‘i?Pég“fﬁgpotPe@d%a‘ﬁ@?ta‘a%l’Yopmﬁ fret nutrient depletion in
; ' I el r - 35S I
S 0 o B o i 2 B T B AEetffels duo o the
presatd of thée neekrjadjaksens taines dayehsowBer the ik is implanted in the cornea,

) aforerreni(i) oned categories. Preferred pol yanionic )
Increasing Hify donerwity egsksyp lle jnvepderabaie disrovered that certain

arraipGAO oF il 1hSort Skttt AL serdERB Bcrny hat interfere
witlpéret oisn jpgrysing foffeet ok did hasks dacibgbRaRM. Accordingly, certain
i bronectin, |am nin, chondronectin, vitronectin,

masgs i qespikedrheran) thal inglide apirighy ansper speigrey that do not generate
sl . i b
eSS Al DRENAST BB S R BB AP, He sk

embodimpaids. Exanpl es of preferred ani oni c conpounds

and conbi nati ons of pol yani oni ¢ conpounds incl ude
ked@H48h suFigucs/ £hidmheni enenembpdimeap obtee oyl AR, configured to

e TR bt B30 B D BSE B b b im0
Simit@ TP the asIataddiababld adseribad, @ké@s a9 QekckiBed Fikdrttily below. The
content is greater than about 5% by wei ght,

mask 190 agheymgde af dhe ortgialipdigeussabberginndndiiding (thosgrdiscussed in
e I ef er enbaqdi nt , .t he average nol ecul ar

see A, T, TR G 300°R L b 1 G A 0B0E s thoe

dische3ed BeRwDRI tomsctiddddB 1bipunas Aeeled vaith OaainE @ tsuclt BRcesses.

total weight of the one or nore polyanionic con‘gqungls
The mask 480 ineapdiguprst torhe snplind tean aye 9%a paisut, <g-1by bsing implanted

. ' 50% b Egbt . i.ncl udi about .5% by .
in Sl §088 00Ol 8 b JRCH A0 SR i ey
suitdble rab@itk, shdVadthovelighisseddtnt idedifebionWith Figdrés FROY1IC.
4% by wei ght, and about 5% by wei ght to about 15% by
welGHOT | tnstns. srabeiment die prsk 1Recingbes atlalys 04 that has an

-2Ci 1 RC LR Jn rekatj t ol;yani_oni.c .conpoynds, .
entefii i Ble 195 ShE o Bt s el M L RP POB AR e By 104 i
capablengiGubstantaully Meheeiihg Bt iidentiflody AR thdfrst Bfineal layer

_total weight of the entire mask conposition including

and ghe|seepnd; qoreal laypo 1 Bopnamebedimanio themateriak isselsotgy tomaintain at
Ieasttzﬁ)%up'ﬁiigt)}-ﬁx ]i)glrcg‘ﬁap o% LR I hx\gvre Gf 4t least one nutrient (e.g., glucose)

between a first comeal layer (e.g., the layer 1210) and a second corneal layer (e.g., the

layer 1220). The body 104 may be formed of any suitable material, including at least one
of an open cell foam material, an expanded solid material, and a substantially opaque
material. In one embodiment, the material used to form the body 104 has relatively high
water content.

[0150] In one embodiment, the mask 100 includes and a nutrient transport
structure 116. The nutrient transport structure 116 may comprise a plurality of holes 120.
The holes 120 are shown on only a portion of the mask 100, but the holes 120 preferably
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mat eri al having one or nore pol yani oni ¢ conpounds

| oaded therein. Loading of a pol yanionic conpound is
wo pashiess3med by m xi ng the pol yani oni ¢ conpoundP@irfis2606813944

resin and any other additives of the polyneric

' Lar j ] 0 body. of
oo TR otk BeEP 16138 oRE o BRI T S BR R, tho hotes
120t fratardafigddomcetex patters,ehioh by ithistrated by er ﬂi)lﬂfaiiwidf RRadhs 1207 in
. the surface of the mask, |oading is to be .

Figpre5idn s disenssed brlowoap gty of Iqcations reenbedefined @pi dater used in

o4 Bl 0312 ORNTALRNES T2 56 B R BA N bk 100 1 an
outérSpepiphésT Bl Hat@e el Yin Dusdrasade 108 iy betiySBWI. Vidébme embodiments,
1he§§%%38é“ one or nore pol yani oni c_conpounds and any

ORansludey as aperun 138 ahlsastariedlyi sagovmdnd| b tbe shteaperiphery
1oAY AR ae by 335 bR a1 nd e

apesygtia® i s renoved such as by evaporation. Preferred

castggg met hods include spin casting and other
metlR&H, i Redferdblygthehmesk KABvIA symma¢itcals €.g whinoheitigal about a

form in material aof .relatively ev thj ckn ..
ma’skl o €3gqtﬁ higt %’grﬂ%‘:{dﬁ%@’ i (?'Pg?{i H?Epi{Wrﬁg Lf’dtgjt]? H’(agé ? 00 is circular.
TheSH&Rs a@F@e}au UaVORas 4 @B Walth the QR fFA® hbdl 3118m to about 8
general [y preferred because it does not need to be

mmggHen athii Gie rergepedt fiomrabout hatmmey abauts@ mbegrsldass than about 6

f ] i onj ds. .T .
g ) ST R TR B et B i Fllar g e  dismeter
in R4 Plad 0P B1d bWl 1S UAHhes eB¥odialcht, The 1a9108 s bRdHSCand has a

the particle size of the material "prior to

diansgiepeligssigan dinsmo| Thenepter parpheiyniR4dmspadismeter pfkhovg 3.8 mm in
he sk. [0141]1n hods usi nc l,vent cast.ing,

o PE PGB Gare FRRr et aRtc RFioRe AnEuaspaR) o it are not

symélich iRl YbAd alhALRRkYPRVIde HERERK] @lch al hitARensk to be located or

.conpounds, and/or other additives. A suitable solvent
matgpingd i e pelectgdpashiqr wigh respattito shed amatopty ofitbe oye.nor e

odUEo ) TR ity L0F it 188 T8 hay’ B otuisadd, Rbopted with a
partitBlag khatbmaRlife@fon (iuhé Bfe. CKRESIFEIDY FF R mBAS Ash IHQ.‘PB%%Onﬁgured ,

chem cal principles. In solvent casting nethods,”t
to cordprpe tathgmetivg andtemy of thermegion of thayicdn vdhduit ds tocberapplied. For

oxanl et I w1 O b 2%, PR RR 3Bty Al st g gurvatare,
the HEUG. 108UhiyBe provalddarits a8 binden0bf ddpeatsR! A Oe d,sic%;{y 136 that

afilm the tenperature may be el evated, including
correspends tohthepaatanmgalpoirmetufe 1 ot krample, embouNiremient an which the

s N B B8 B R Bpoores s
amo@htdTufatd?y Rt (aheUtorh P4 6&%&&6& )abc%di atsiBsthfdiyRonstant mean

pellets was dissolved in 400 granms o
valugliwithimyph adentifisbléccroury, egg.andnlisf Wheb epplyiabdin nbgod 0§ within the

corn syt Pt iRy RO R ey Al 2obis gy 08 may be
provide@ny Akl 48 Gnicunt BE clirviRiré BiRegRhdink D that st BENLSRA 898% comea

by weight are the percentages of the solids portion, ,
betwepawhich themaglo 100 srapplied. i s not the solvent. The

o) lL,on s at r .t enper,at ur r oxi mat e 17C ]

coltisahy FBanmoBbeimErRona ek hEhBaps deRbe) dpgit of optica
powér0TOptical bdwer hALBSploViRAG YRGB IR he ot RBsOSNE Fbe anterior and

i ncl'udes a wound heal i ng rodul ator. Wen present, ?he
postetny vdrfaesal 0B gl ioelith strortire. tmorst erhlsakitnenin hesmtdrime end posterior

it my be |loaded into the polyneric material. A wound

heal i ng nmodul ator is defined as a conpound that

assists in proper healing €9-a wound, such as by

increasing the rate of healing, decreasing

i nfl ammati on, noderating or suppressing i nmune

response, decreasing scarring, decreasing cel




into the polynmeric material as di scussed above with
respect to the polyanionic conpounds. It may al so be

woOkevgltuzbed by binding it to one or nore surfac®eTas200013944
devi ce. The ' blndlng of the wound heal i ng nodul at or

sured 1. 152 fC pilacRa aiBerBR RABTER Belchhmge. Phis cnbodimen,
theRRRTDD |hﬁ§‘val’9ﬂ1@rtﬁﬁﬁﬂesb Bog e .ouka Eeltiilﬁ{mv\ﬁm ® the e 128.

el ectrostatic attraction, ionic bondin and th
| i kKEB154} i tInremy @gt pmnﬁﬂ@rthMtsutf@ca s @ndbthe posterior

surfiF QhE Co ey J8 o PRGBS B r g e B, very tee

or GONMBAYRES dubvanlie &aa;a@edmesﬂmrabﬁsmsrm&aﬂ SurPROUL In another
0.1% by weight to about 50% by wei ght, i ncl udi ng

embgstiments botyofithe giterion andagmsieriop @%fws a8 OHE, aramdutanmalfi@ planar.

i e 5 st Sy phts Wihin B SHhccH TH Repgrh micron to

abohiP 48 R@etonl 238 BB gﬁtran e of ﬁorn[ HbAP} nhiBroANS about 20 micron. In
enbodi ment, car bon, dgor other material on a

onesembaiiment ﬂteh‘@dyaﬁ}é eﬁ:ﬁls nask di0dds arthizhhess rl 38 toff detwesn about 5

mich S AP A AR oo gt oG e o mask 100 s
aboh'§ HREGAC Bloth@erRRbmbiA PR EkPIEeSE 1 Bisd00ds about §

he 'wound heal 1 ng nodul ator may be part of the bu
mlmtm elni ambthef emnhediumgot, dint th{adkinets T3Buif ¢k mhskoldghie about ﬂ@ nicron.

or which mgrates_ to the surf durin
andﬂﬂigélr ol ITuRneE maskgnesily e fioze FHn ﬁenfpy agpltfAtipns wherein the

RS 540668 SR JUE e e gt
of) theploanta. iIs thilver xmsks;&heibduiy remay bemrffcientinfediblelsicigthat it can

k] OACHEOREaI<S 6 G Wi PR} & S wighopt negatively

oL B a8 DAL, 1 B sk 100
confighmedriv hesimgplbmted sbostt 5 |um bppiath g aneidoi sudiang) of Mee cornea. In

anolf R SR e TR AT cdrdhebslor etk S Bt 81 85! Yoncath the
antéi‘fb?/saffa&oa%ﬂa@%n%u S5 Hodspll gtl'moa oﬂfthé‘iﬁ{sicu@@ IQEoﬁﬁﬁued to be

polynmeric material of the ma f nore than one
implastest] abad| 1259 vmo Heeatho lthe sntgsed ,suﬂﬁamdmﬁ] theneyrnéze  Further details

rfar d by di S|n Ie sol ution containing . .
reedinedunoat i i EQMEJ St ghefe i gncction with
;hghggsgggh@pt in two or nore succeSS|ve sol uti ons, each

Whi ch contains one or nore of the desired wound

h edlild6] nodukaistangiallyr Iphmpl‘ onsls haobeverah ddv:gltwga:sl cter a non-planar

mask or G eGP R DIABE etk i OB P & G than one
thatllﬁéltd DO*. c;mgﬁltéh et SR QAR hbgarhemhlagjo O;gécéaég&p@ﬂmmdm

e manu turl process. In an er e I ment
induvid cavatpreaint the mskrl()()s:an fbeat&nanatecp hidlhal Ashiegdmially planar mask
qﬁgds at Ie t sonme of t{g nd. Ilng nodul ator to
mas bR AR Ot US5r9nat W F‘}FHI‘ A @?qubﬂmwﬁﬁon (or among
IBRAEEPLBABLOR) BROLS, (981 Sy pit BB 08 Wbty pt
nuakum&ahhecun@hmdoﬁamdbmaﬂmﬁ@;dnngsunnnhmhdm:mgﬁﬁpmmnzmmmnncﬁ
conpou %W o.inplants and nedi cal devices and/ or
8440 0r naking drug delivery devices which

deI a s Niia

o a!‘éemém B tin’ Qe Rolsinnfly, W nBLLT06 5, WP R PRl for the
manh@ REIICH od &1 dBlblnOvih R SleONIn BATITERNShe adld T¢Maay be larger if

of the foregoing masks can be used to inprove the

depth of focus of a patient. Various additional mask

enbodi nents are di scussed bsglgow. Sonme of the

enbodi ments descri bed bel ow i ncl ude nutri ent

transport structures that are configured WO

2006/ 113377PCT/ US2006/ 013944 to enhance or maintain




[ 0148] Fi gures 43-44 show one enbodi nent of a mask 100

configured to increase depth of focus of an eye of a
Wwopensitesy7 suf f eri ng from presbyopia. The mask POA/US006/013944

simlar to the masks herei nbefore descrl bed, except

desc i bed djff t| be k.. 100..can, be .
iR SeErthe 05 pd bpfd Rngor BTy B srk e RS Pftne &ve posterior
of thBQenedi §§U§§6ﬁ1ﬂafb Se6AFhRNoS the lerdl The fel;le m&iiscl@&d above, the

. can be forned by y suitable Erocess such as those

ﬂll@l‘ﬂg-‘iﬁu}s@e‘tf the Ibody |1ﬁ4 oéﬂwemwl@ho bei vguieé dastoom Bliere the mask

1o el g P RapsBr atREBERTES it 4 i thickor mask may

be SdviintagBdusb ETRIBkdrMRARS 288 advintdp@odsOmNRM PR RAL | Fdtlexample,
The mask 100 may be inplanted within the ‘cornea in

thefaﬁpe gaierallyl casivn imbendle, wid thereforosee didautosiebiicibowed in nnplant

T

A tﬁﬁk&%&k'e@ﬁld%&éoﬁﬁ@m%@@o ﬁﬁ% 13i10eshE Ehﬁﬁnﬁélﬁﬁ&% lﬂail;l?mtauon if it
I n one enbodi nent, the body 104 is capabl

is configrethto @quzmm the ammatmge ofthe natllvamlatqnanwhén npphed

bet t d.the . .
corMISH | e ktuin e E o sontiied ™ waniat crpgatially all incident
ligh Rl G @€ haskRliftighn ﬁ{c h&ﬁﬁ%ns%ﬁ@éﬁe gbﬁ%hyrzﬁz' é%rrounds at least a

percéent of the natural flow of at st one nutrient
poriien @f, thglapedue) Ib&tamdesmbetaﬁmaibrt pmwﬂnteatmism;esron( ef dncident light

me}egﬁ,eﬁ%%%msged%band a. seco neaI ygl{ (e. % , 1£§11enaybea

thro%%hlh%@ & TR Sbitg 104' HC Euéﬂbglgxa@ﬂl HQIEB%IIQ:;IV? 'te. g 5 gfbélsparent)

cel f oam mat er1 al an expan materi a
pommbﬁfteaimf.l ﬁlhleylpeﬂaxwlﬂm tbe inadsk IIOO gmeraﬁy‘mm deﬁmﬂtwﬁ]luhdhe outer

pengﬁter]\%gtogﬁlsedmtl%}é orfpmhe bod h s re tlvgj@%ﬁ@gm'atmns,

such QQﬂlekQ&éé@ﬁ@e@mV@ i doleiidn Mtﬁ@i‘i"@ﬁ’és% ﬁi ructure 116.

The nutrient transport structure 116 nay conprise a
pl UPds2t y & oheleashoiifentTiie fpsrimse 128 imxebstdndiatly @ircular and is

e T

s effOGRLSE iddid-RY Wﬁtﬁ Qfefo@ﬁ’géff AP4ye cﬂ engﬂé% ﬁblén )(ﬁl@sbyopla.

one enbodi nent e holes 120 are a
For patmeplen thengieciors 328 baube ciateldr, L’rywmgm draa‘ietdry)fdéss than about 2.2

l.ocations .120' in ure 4 As di scussed_bel ow,
mm iR P e R, Maar R et e anaol B apeirads between
I Bk O Rt Sl
abo?ﬂeg%fﬁ%g%(ﬂt%e nrasE]l %’gﬁ ﬁas aﬁﬁ%%%et?é pferl ié%ssg ar and
has tahditmetef iof ebonin 1 Sutner oedigre. dh dduehe @tybolident) thwﬂmmeter of the

nbadi rent.s the sk 100 |nc des gn apertyu 28 at
ApeIER d A0 6 - SF&BWEEBSW e b et i—rew " ¢ rapgg of from
[
ab"‘?‘ﬂ%"%ﬂ?i‘?a‘%‘é‘?. 2T inhelalg gREh i bl OO lln HEOM i to about
1.9 o@i51] Preferably the mask 100 is syrmetrlcal e.g.

sy ical, about a sk axjs 136. In
nﬂgﬁé‘ﬁe 'f RROGRPIRISHEP PBWé’F‘yB?Zﬁ“?ﬁﬁE“ﬁ‘?éi ipgugvephyansmission
of rh&aﬁt’ &t 'Ehro& R4Sk 11B0ICRGT @:Larﬁé?g 8m b@:ﬂ[%hﬁ "the non-
w thint eraneof from about about :
trangrhissive potthtinn] A2hpreveanty) Brandnitsicmof bdistanBalby akinof ai hhmat portion of

6 mm angd.|less than about 6 nmin one e odlrrent In . .
the gmﬁo‘&eﬁ’eﬂﬁ radiqnd cpeey- (18 exer%h’%ﬂb thp,gongtransmissive

portfind L &' cdh Ceftltrafhsinisfd & Qtagﬁ%jghgﬁ visible light, e.g.,

enbodi nent, "t he rra k 100 1s circu
radightamedeyin die ¢lectrontdymetid spavtrhhethatds efsilple o fHediymdh2edre. The non-
has a dianeter of about 3.8 ramin another
enbodi nent. I n sonme enbodi nents, masks that are
asymmetrical or that are nogisymmetrical about a nask
axi s provide benefits, such as enabling a mask to be
| ocated or maintained in a selected position with
respect to the anatony of the eye. [0152] The body 104




particul ar anatom cal region of the eye. The
WO 2006f11335{é nask 100 maybe configured to confor rﬁngﬁﬁdzﬁ@}M”“

native anatony of the region of the eye in which it

i.s.to b i ed. For
transmy s ey S Mp Bl PRy out VAR o Masint Akt outside.
the rarpd Wb 6 hukhbSs BeMe atbodBiedde provided with an

nount of curvature along the nmask axis 136 that
Cl6Es ponkks discustre aabav@mmaborm&m uwidh E@r%x%mmrévenhng

one enyvijronment i h the mask 100 be deRl o
transcR iR oF gt WEtEB the ROBRPPHBISEYE POTICE g, Nt fpg Amownt of
t 3108 8e v{] G AIDUAL £05aGHENMPLME S0t BitveModldt @5 fefiRiing fovea
g“ 0 peérson abouf a substantlally const ant mean

to fordﬁl gRrpichiden 48 disdesed hbodd m gmneagionewiih Figuk |4; &e size of the
VWhen applying the mask 100 within the cor%&? th
apﬁl‘i'ﬂtﬂeé%& inmechothat Hee Ughtetransmitied) thrsdhopgl 2en %E%%Vei%%‘ at the

i 1 oo LSl SR B B b0 Bl ol
othem? Q@ste\’ﬁﬁ{bu‘ﬂ'ﬁ:le(iﬁaékhl@ormSk 100 is applied.
0153 In some enbodi nents, the mask 100 has a -desired

afpaazlt oflnopté c:ai:bcgmmnn st |£©a+frﬂp@%§ﬁwﬁa90¢§léﬂ 132 prevents
provi ded by conf i [ t he st._ 0 .
transtoignasy PR EbA SRRt of St dstt 508 eoflfEr Hnphdifhent, the non
etc@ht @flﬂl ident light.

tranmgéﬁ%zéo%gn 15@ r@%&ﬁ&mnzog ?cgoug?%\?' tcedt anall incident ligh
The n@ﬁ—ﬁﬁﬁiﬁ@&w@ 3132‘ of theviabsk €00 kmzytlei eonfighredi tnehet opaque fo

the mask 100 has varying thickness fromthe, outer
- prevenp&hd phrsmissiom of Bk eX& gmltgg term opaqtsfb 18 ﬁfcepq‘ed tobea

 broad #58 zgg&?% Ee”ia!seu ¢ eGeufga%ethgrgﬁa%&h%&géle 6&&%::1&%@”@ ., light
ergyS HRB L8R bhdrk ¥ridtaRaand kitagfendiamar atsotbosti otbertwiseddogk all or

1|ttle or no uni formcurvature can be rreasured acr os

less thameumr@ménasgarsﬁm@hal pomcrfehheéwbbdh@ﬁ embodimeRt 2F least a

prie ER0 0 ASSREBLTH  BE 2 r o i

mc:xdeﬂthﬁerb&ﬂ ay nmay be W|th| n the range of from about 1
mcron to about 40 mcron, and often in the range of

ewg%g%:dlé%ﬁes%%dﬁ %@%oﬁ%iﬂsﬁh@ﬁve' B8 132 may be
configpriit i %gra@fsmaa%i {ORERE At ey e

- For examglenthe magh 400 would hemads redleativeiarn IB? ¢ fe1nteract
with theskghOGnis mbmﬂcoﬁmtexrmannbn wahtmrssah‘andUr&nPatent No.

el 2@8230‘0 hehivis ks HePeh Bedri
6554 Jlfih]@a%}%}lf}%r en’(%gd rrent?;g t he thi cknesyi 13 o_rfa t h(;t@rrrask

1"33&31‘61:'13('?Ob ‘cron: [0155] Thi nner masks
al Iy, ggc&g a | d1§&AhEONS MRAE| thansport -
qﬁggﬁaskpfo I'S F’@np ktgeghitﬁgkr z‘lmgtdllvel y shzflll | ow
tmcmkeoﬁﬁt incspmd erfleodiments [comprises thh @hmhtg of beles §24. a"Eléﬂ meﬂcﬂ of
he cornea. In thinner nasks, I“je bogﬁ, %%&e on of light
the plus'qktf péh@hﬁf@ E50 {qrébtheslt@ﬂ%&hw 5}%

o t owling $ndie de S
thm%ﬁ%% é& neg{nfgg\}gal %@geigz’ie%’ te op nglal pgerfor %eo pas
througl®f thehia88S00100n bite amtbodpmbite sthe aron-tranemrabk p@@ons 132 18

_ configured to be inplanted abqut th th
configrnd é9 o7 bl RSFREREX BIREh ey ROYLIEDY 2o paing through

2 OpReatity of holes 120
e mafiRR00 AR PATREI e PR RO ESt hOplility of hofes
allows (h6re Gfph0 € padsrthangh ks napplahanistioa pottiva 138 skcl @6t iogly about
confi gured to be inplanted about 125 urn ngeath 1

92 percant tithe light fneidenb Poi e NOB BRSSP NEROU AT Brevented from
regarding inplanting the mask 100 in the cornea are
di scussed above in connection with Figures 50A-51C.
[0156] A substantially pla®@ mask has severa
advant ages over a non-pl anar nask. For exanple, a
substantially planar nask can be fabricated nore
easily than one that has to be formed to a partlcular




appl i ed over the eye as a contact |ens or may be
smaller if applied within the eye posterior of the

WO 06/ME3a77 €. 9., proxi mate a surface of the | enBCHUSINE013944
eye. As discussed above, the thlckness 138 of the

pasgﬂg %%dﬁ??ﬁ[ﬁ% gﬁ’%&’&%or ) ancﬁe:{)l on a??eaﬂé%éh%beneﬁt

of the apﬁrew\a szwmthtehlepmajrﬂfeﬁxs of ﬂﬁdw}enﬁraubﬁ&lg 1@y Hpdt to pass throngh
advant agequs. Thi cker masks are advantageous in sone

eﬂﬁ%ﬁ@%%@$%ﬁ%PmP8F“eﬂ@#ﬂm&‘ they are generally easier

el I r r
L A0 TR ELEAS A Bkl BELpSARE 190%e o e
ho]ékammgs Balpfici Bymed Gwieat us:errhmsn b bf ERsKsles A20. Tn one
thi cker mask could be configured to have little or no

embodimpentythe trmspert suetrass bt (g othei Folest 1203 ix @aﬁabmfe@bstanhaﬂy

maﬁmﬁuﬁﬁgfxp | egSm‘eH?ﬂ&U f%/ %&é é?st%%g} 4 e efarm e\éeef%g {s%djacent to the

antemm EinGave ddR1of i @B 00) 3¢ e RBSAEdr¥eadldyer (261, @88 that is adjacent
ght along the mask axis 136. The non-transm ssive

to ﬂpfti?qstﬁmr cg a2 ofi fgsmagk 100s Ehepblmltty ohhalés 13kare configured to

r b tanti,a eve ts transmssi
enafBB Skt Pef B SRR DI MY PSS DR B Rl end the
postétibh sife IOV € ARBEKSissddN b ARE iichdlest 280 FRYhP $radk 100 shown in
t hrough-hol e in the body 104" or a substantially Iight

Figure 43 omydei loeatqcbalgrwheter ethiheanaskt1P0p Ether orask hmbeémlenmcnbed

Ny Y AR -

reg@;ﬁ%ﬁdﬂd&h%klzs may take any of suitable configurations,
such as those described above in connection with
Fi d0tahd 6- The hplesstdq of cfhglﬂen‘lfﬁ)@mmdﬁ at f¢vet ppeiailyrtetween the

128 S tially circ S Su | .
amtefigp pirfacd 107 P ah pederios ity B Ging ik d0B ap B Bmbodiment,
cachl@Bih8BYlch 220 MEhiies & Hot@én&aﬁc@ﬁi@ &dd ¥ Bolk @xit 164 C¥EEN R @ntrance

depth of focus of an eye of atient suffering from

140 ¢ loshipd piliacertdo thoempria, smrﬂaee of e enabR 9 08 aThiodhole exit 164 is
loca%eﬁl a aé:exéfr;rgqgw nﬁfzgordwr%%?i% r%ff glﬁsg%gﬁ ! bOUtemzbozdjrrnng]nt each

of thk BORE €R0ktdAS AP RhtitY Gisiaficd BLURER tﬁ@ﬁh‘t%n&r SurfIBe At} and the
about 2.2 trim In another enbodi nent, the aperture

postmsugt‘a@e t2ofdhe andk B8 a di aneter of about™ 1.8 nm or

S L e TR Ty SR B ot o

one Gf Aoed Bhtridhis Richst B HANIE0MT The GIAPBAWnduf: Mb of Be mask 100
about 2.5 mm and often within the range of from

provigss seificient fywtaf ol ou mare guivients @160 HiEeask 100 to prevent depletion

of nipfRs o Rt oo P PR o P PRFOUEITS kB I Eo1210 and
122{50 O} of bixtiefRr BIRGHHIE RS theVid®ilng Bf A lo¥eal layers
g ortion 132 prevents transm ssion of Substantially

seof The thwsport strpentd b6 of thhenﬁbetﬁor muvni&ctduﬂiment flow of

gluch”ﬁ' 5t Sl aof Jeviin 18,808 S ReonT Bvned! v oip provent

glucbéeﬁﬂ@léﬁi}i' @88t FouRUREhAMHd Aljhdtnpbbm¥histRbhe Mhaflthe mask 100 is

., radiant energy in the el ect romagneti c spectrum
capab}q:aqf 3@35611%?!1& waingaining tatnent fiope (e.Ehelugose flow) between adjacent

comi IR <51 i BRODAah e AaVist Bavert s opird By configured to

prev¥iitSdeBlefioh Of MU Afanl dboRPIPeREROSM %Tﬁ & (or]tﬁﬂ&]ﬁ@ﬁglcal substance)

di scussed above in connectl on w Fi gure 3,

n adproenidfssigof attleashem efsthe firgfcottieghlydrand thgtsetéral corneal layer.
non-transm ssive portion 132 decreases the anount of
light that reaches the retina and the fovea that
woul d not converge at the r3-ina and fovea to forma
sharp image. As di scussed above in connection with
Figure 4, the size of the apeaute 128 is such that
the light transmtted therethrough generally




transm ssion of about 90 percent of incident light In
anot her enbodi nent, the non-transm ssive portion 132

WO WeYBB17s transm ssion of about 92 percent of pel/iS2006/013944
i ncident |ight The non-transm ssive portion 132 of

th k 100 b fi dtob to .
R % e P o S G RRB0 o g mins
acro%sg ;Qb;%g&g@be"h{ Sod &Lﬁ&ﬁﬁngn{ thdBolds PEOaL foRfEh WRANE Bfimeter of

preventing t transm ssion of radiant
abo@NE0 ¥ mm€ 08 morkl Jhtanetter @nbodinend| the hotegdrase a diameter of about

structures and arrangenents that absorb or her wi
0.0%) k. 1 pacshor|caodoRan, 519 helfs e B AGmesr A RbOSh P02 mm. In
ortion hg | i onegs: i _ a inoth
ano3l ooty e, 140 P BoGETRRE S Mquh0bPRR & In unother
embdBinent, N0 H%sPEICRMNe oididiee ingliic fangd dfaboutHE@Zbmm to about
sj ve

0163] As di d ab h -
T T T K-
f Li.ght wit i ng the NG | 906 coFFises abou
o o, sty 1 TSRS 188 0 Sl 40 offiss s 5

perceAlbGmbRe srasiefat® afeatcfrthe kntefibhsurfee 10§ kitf theymaskd®@ In another
conpl ex manner, as discussed in U S Patent Nog.

embodBEnt4he pumber afcholgs 120 is selectod such thtthe sum o€ fhgsprtace areas of

i ncorporat e ref. el Ml d '
the b5 Gpnd oLl 1S AL oA A o PR Y ofsurfce area
of tR8IbbHEMIr JukRBS NAD tofSthe URikr FOX hBt asothaosmbelibent; tentanber of
conpri ses the glurallty of holes 120. The resence@gf
holes a0 ps selested spoh b dhe sum 2 theorrgenareas olihe selretemts 164 of all the

t.ryct fect th i - .
ol oSk TS il Db BETERSS Mgt o e 12
of IROhEIK 118! dnY tBé hewiofthe@irfct @hd of the holentranicy JHO bFiell the holes

mask 100. In one enbodi ment, the non-transmssiv
120 pornprises abept § perasnt prymosriof Bikass 3re Oiﬁbwﬂfglgorp%argéﬁtm of the

r re of .the incident,liahtyfr NASS t 1600
mas 00 IR ety SrbRGTH g Y TR0 AR abon
nﬁagmgggﬁﬁgmgf the plurality of holes 120 all ows nore

| Tght to pass through the non-transm ssive portion

131088 h t Bach ofife hetenill 20 maychawm redativehp consipt cross-sectional

i nci dent on the non-transnissi fi i :
enedy Aot AP RPOR D BoCEr TP Pk RE0 06 B o holes 120 s
subfARRII Girbiiee UBACH Giethe Miotdsra0siys sinvrisear dyliaderl3@enditpsbetween

hol es” 120 may reduce the benefit of the aperture 128
the weﬁw@uﬁem}gmdftb@mstemnwa@bl%y al | owi ng nore

[i o0 pass through t.he non- ] SV b t

thgaighina?aidf Re 0 P%n8€éh%ﬁ@ﬁ%%§?R %% o%ﬁgﬁm T some

emtoanglie. Ak dfasREabovE chd 28l U0t thdimakiol 08 afe?Bexi-packed, e.g.,
bal anced by the nutrient transm ssion benefits_of the

arrahgddein 4 20x nattemnh elhenmi@uhénip, ﬂlislw@ancﬁﬁlf{é*@ reachs pf H&llisﬁlﬁs 120 is
116 (. g. 1 i . i .
o i e BRI EP) ol BRI IR oA i) e

refefr@f RERdrein@¥ @ hofd pifch. Tanmeehdbdinsen®GhehalBpittlis dbout 0.045 mm.
anterior surface 108 of the nmask 100) to the second

corlfkal] | alrera (hexe. pattswve  tlheat anglesa dpaasnt lings t ¢fe symmetry are

terj f 112 of. th k T ic
spoBRnGrbCH SBieE " e b AP AP sy, R B B Yooecally
witlRa 3% 1ahEOst orh M8 oiESkmiQ OO tbesNt d0heicistlseaid in one embodiment,

surface 108 and the posterior surface 112. As
is agprosirsaey 43bmieons. hdhedicde diepetestis tggperaliy Fithip thenpge of from

in Figure 43 | acat ed_anywhere on .
aboi, gt BB AERCEESPRD I o BRI 5 e dnately 20
miciiRS TRtHoR! dphciie! andf dikuteteP bife/ ieRibdd ff?@ﬂs‘rﬁﬁf to &dntrel thernount of
In one or nore regions of a mask [01661The hol es 120

of Figure 43 extends at |east partially between the
anterior surface 108 and thggposterior surface 112 of
the mask 100. In one enbodi nent, each of the holes
120 includes a hole entrance 140 and a hole exit 164.
The hol e entrance 140 is | ocated adjacent to the




[0167] The transport structure 116 is configured to
mai ntain the transport of one or nore nutrients

woO 2a86a$371 he mask 100. The transport struct ur ePQIESTNG/613944
the mask 100 provides sufficient flow of one or nore

Y B! P52 AR ERI O L SopEEHEPpS S s v

be wnerstald Hydheseof (;hllgn thet drein dywrof t2filunek H2d@) . One

nutrient of particular |nportance to the viability of
e[r% lacedbe gy ﬂ ent gt ghaef@g@usfm@ablpmstp@w to flow

t § e e
S IR e
ﬂlata:&gaﬁwomnh} afifctie alan lagige Kae e thy piesdtce G lﬂh‘@ﬁ@nsport structure 116.
depl efigon that would harm the adj acent cornea

Foriexawple, irgome cars, Adsk prgbed grre%amwb obthe holes 120 can generate

3 014 TR LA B Ll R B g

of spusfemg nsbntpotd, Rerroutidinea tedtfal HEMOLth ﬁ@leymw& hé:Spatterned.
confi ured to_prevent depletion of nore than about 4

perd®tRY of The investory bave disspvasedlaowitiet of idshnigues )that rproduce

adv@ﬂi;%ﬁﬁ?&rda&ﬁgg egxgtsé gg% %tans 01 e%‘l—“cp%f/ gl}chttﬁ%ﬂlf[r gttm:r? ;?artpems and other
deleR0[d63 Lisad /ot RCH d6EQAMbALAAY, HBAIRECVIBM BEndR0 of B¥nask. In

be conf ured to maintain the transport of nutrients

one gEhedinemhewhersdifipgtion effsels wold ohmehservabhe theobutsiedi2Bansport

h
strodfs s fed i, Apfbadl R Bopfe RAR1 0 suinl e the image to
limihaadpbesvabic apsw! & QR3OS Menibdd h
© t he hol es stg a di aneter of abgﬂ?ﬁbggbgaﬁﬁg!&%&&ﬁﬁ structure

emplays @rpattemntbaisubstantialhelithisiates diffieetien plttemst @rpushes the patterns
toth%%\%félﬁ}ée%gfzfie magl n anot her enbodi nrent, the holes 120

Panst i'n the range of about 0.020 mmto

abpex74p. 029 45"['#%50:1 WABR twel et dRBedtd of Bﬁtté%hél BPL&EQ/ 220 that
of holes 120 is sel ected such that the sum of

may hgr gpplied & aqaaskithatnis dbtrwvissnsubsiantallylsitrilef tcathe mm 100. The

t 5 t
S YA T B8 BB b
randdlﬁioholé &pﬁﬁ? be hoEl’%Rﬁll MR bthek RELAUTIRGs BfsclQbE Belbal holes are

is sel ect such at the sum of the surface areas of
spaced &roRb pacheathersbyl 8 posfuniform: #reotys) eg., 120 acendim semunt. In one

] f.th .
emb poOS &b ?15?3 %g%r achg‘%i %gr%ft t}?@ rﬂ*&if‘émi %%I(%lﬁﬁﬁ?ﬂépaﬂs having a
subsanﬁﬂﬁ; cRSant drB&-RUARLN afth).NBigese 45291111@&&6& E?Iu@ﬂn? W€ holes 220

that the sum of the surface areas of the hole exit
separpipdl byt a gadoph epasiige hepon dbﬁ?rﬁmm%@fetb@ boles ip graamntthm that of

Fi %5%3”33 e%%[iag? 86]{ glierqﬁﬁ]tpg?c %‘é g}r U]é}i)g(gjz %@ﬁimles the

morcihb enBR Wil Neaspokteutdbn®lih atdifnfee lsﬁﬁla} %QﬂféQﬂB'iré #iksie. One way
about 5 percent or nore of surface area of the

to prgiider 4 dvighen mezgeatage fokole heads Ko T0Qeasenthandenkigy of the holes.

imere RN EB o R Pt R R et e enspor

as is dceva\byhéss deisel hyRky constant cross-sectional
area. In one enbodi nent, the cross-sectional shape of

ed®R7f ¢ Figurofied s!mws nasmstmsoﬁmqﬂaarmsmoamm is &dstantially

sl oy € iagh 50, o o SR AT 98 Uors oo ek e ian be made

of thebfediaR distassell Bartl ThQudigk Rdsk Aigeaskd hP@ec%Ia ReTROLESK 200a

120 is of interest in sone enbodi nents I scusse
can bgideyesd phanyhwiitelble procoss, suble asrtiwise dB0usedbélew-ipackedttion with

e.g., arranged in a hex pattern. In particular, in

thi s enbodi nent, each of the holes 120 is separated

fromthe adjacent holes 1285by a substantially

constant distance, sonetines referred to herein as a

hol e pitch. In one enbodinment, the hole pitch is

about 0.045 mMm [0171] In a hex pattern, the




WD 2006/ 113377PCT/ US2006/ 013944 1i ght com ng t hrough.
The light transm ssion is a function of the sum of

WO biwea13reas as Wil | be understood by those of PERUSROOGH13944
the art in view of the disclosure herein. [0172] The

. enbadi t of .Eigure. 43 advantageous! ywenabl e .
rinfies AR e il SR o B bPSERAE EnARER00 s o muricn
trang?(ﬁ't SREARL 06k MR ind1ANR a pithfity BYRESPI0aN Qubstantial number of

scovered that negative visual effects can arise due

the thwld¢sh22er vera eonfunithen tsizens gbe thodesr 2aumay becunifgm in cross-

T T A
oneVenBdAuBedtO THrendIed 28Rt may BE cREABPIEshap@bh@®Rhve ke Ghhe diameter

observe a plurality of spots, e.g., six spots,
frota wr hade nalraxge do e dwoler adit, bigine ofherviseaiomsuniombiavt tegstoone aspect,

hex .patterned. [0173] The inventors have.dj scover
o8ty BPY PEEHIRAHIEL PR D Pan LS SV LGOS of theholes by a
randdth 2RRSHE MSar@ihed chibBARRAE Lhs hbles LHOL afidh-tiflmAelel i random)
action patterns and ot her ‘del eterious visual effects
in sthe and ressgpatted tiyal op-unifoiini (6. gg alrerdom)sypa¢ingenef i t s of

B e e L R

subétﬁn@ahflyfﬁ*?&ﬁgr {oothé%%‘?cdldoh‘éx ot G5 AedcBed adRlrafH below. The mask

unito y across ‘the image to elimnate observable

200bpah e nhadcarfahdmintesialzatisouesed, herdie, inclidingrtboterdiscmprmdtin Scction
structure enploys ttern that substantiall .

I Ao g sk qOPY e by Somsatymeuipblg Repress, Sell as those discussed

: : . f - : [ _
beldiFih Fhiiteckth, ifh, PRAE H¥alus add it TRGRHok I Mgt Sges. The
madkhz60brimghides apldyexi4bo Bharamkk 206b hias adtdmspai sgucture 216b that
. Substantially simlar to the sk kOO. The hol Z‘i 22.0ul h
inclyges %@W%O%mlﬁwr@ Bith £rgRnradous MegEprieniation, i pgrticular, eac

r .
or B UL AR A AR 53026100 F R i o o
maskr 200bp ak dsbef bbihedathenitdanee ihgefmed diy-upirfion wf drechody,204b of the

B B e O G B Wk
the GEhbPARB! 150k ML AE, RoSURSHife! Bbdty e’ 8Bhgate shape,

cross-sectional area). Figure 45Cillustrates a

e.g.phmohlohg whafe, hdthes Ictizgtxéepal atshat byisdhatds gerpesdiadanty, the long
.wherein the density of the holes js greater than that

iy iy Hoets 4By R UG AU GFo e, Jobg ent, the

oﬁeﬂ{zﬁoﬂ QEFRK QY uitn. NRG: Aahipie, WNGbIRERI LRLERSHhe facets may
W transport nutrients in a“manner simlar to the

havaat roreutifssueien@imnveln dne grangemtenta alsbbdtentiab enmbet ofjthe facets
of hole area is to_.increase the densjty of the hol es.

have - radery Oﬁ@rt%ﬁ%népt%?rﬁ&aﬁnaf"g@% rﬁl‘i %%%ﬂ Pfsrn%wiﬂm (eg.,

' S Bni feent asiohs achi eved

rm{)@nﬁggg%gaﬁ@g? ¢ ar ger ofegé;’. mf]g%g?%%egreO%A shows a
porfit®r of Gahat febodimskis2@8n Hehpitovided sthhbis vanyt atalehsy one aspect,
simlar to the mask 100, except d%sgri bed d‘i@ﬁlérentl

f

inclpgingPheTPR TIPS I A RIS SR O 3 PRI & hofpg to reduce the

| o o e e el __
eodl S UTSAY RS o5 ARl i
redsadi thabistorpingeessners tich nesy Hehymoeiddd byusnadt with emaperture, such as

connectjon_with ) ]
any of those described above. For example, in one embodiment, the hole size, shape, and

orientation of at least a substantial mumber of the holes may be varied randomly or may be

otherwise non-uniform.
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Fi gures 48a-48d and with variations of such

processes. The nmask 200a has a nutrient transport
WO stosucizar e 216a that includes a plurality of hOT@S82006/013944

220a. A substantial nunber of the holes 220a have a

non of Or -Z2€47 T, 20l ifo j .

crogg?gkct?%%%% gﬁa%gWBTﬁg&%%gggﬁggﬁ?ggng %H@%%!gpo that is
subttaetidiyl emildP@a dny cUibetmadks derynlsforeudatribed, @Reept as described
_ﬂgnb%dinent. The hol es 220a may be circul ar in shape . .
diffgreytiy helewr Heheaask 300478 be made ghibs materials dseupsedhareingincluding

‘ t . Cuni farm i o

thog S ip SelorPILE, Rkl 300 Bl By Bhy WiBle process,
such as yhosb dissiszed bélow inldoshetivh sHithEFRE 405-480 and §litSvabiMtions of
mmg random anmount. I n_anot her enbodi ment, the hol es

I8CeEIE. ndhe URIskoPO @rcledes 3 doadw 04 n The AwdaniPdabes an outer

perPGRILRER, 6. Fa 1R ifbb £Bich 300 b TIRBRAC IR oo hote
regioR H07 20 Qbcatdibetivers tistwat paighyras irdib 305 Qnll HBe GB&K peripheral
100, except as described differently bel ow. The nasﬁ

region G196 a 426 dogs R04omay Hdsoinclude Ans apfirsee segian, hwheerthe aperture
- ' ' ddq fl 111, , h

ceisk 8 AR KRR BAEHIRRS 1k 986 Stk ighifel 8 okiéi franspore

strueisird 3106 ElndireCansisRiinBIR] e rukti 0 RRARGIHOM bkird irfcl g 8 plurality of
48a-48d and with variati ons of such E;ocesses. The

holgsg di lowdp spbitanitad pogiopsdthoboles (emhealhat fhedndis) hreslogated in the

tructure 216b t.hat 4Jncludes a, pluralj f
hoid KRS8 N 4N Rl RGP oty B b BBt Js Hown for
simpliityl CBUAi she@dd TbeOlindehodiOIas the2Me Ay B IRhRd through the hole
.entrance that nmay be |l ocated at an anterior surfaceé
regigh 3¢he mask 200b. A facet of the hole entrance is
defij by. ortion ,of .the b 204b of .the mask_ .
2000 TR0, ¢ kPl efioiRptrciaR 08 B rfind 1 R Dy periphery
324 gif dremadk 30060 AR cRAluRR CBcdhfddiRe 306 QF iR mSW J0BC Ehe selected
hi one enbodi ment, nost or all the facets have an

outeg |cgRefatesensh H38, ofcthg mask 3000k deeptehapelectd ridial distagee from the
i S-an hogrt,, axi s .t [ erpendi cular, to th

outef bcR0Y 328 N0F [y Bt 290, | P hE Bibtindle e L Mecred outer

circghifep@ice B25 @Tehe MR 30013 lodahtd Mobe0/03thANFeh thaGatds fperiph'ery

is_not uniform For exanple, a substantial nunber o
324 phitbeppask$80nay have a non-uniformorientation. In one

ar nme a _substanti.al _.nu r of the.facets have, .

o TGERE N ofte, Rrlt BEHAR st Tnll seltpe R B 238, location,
e.g., AnEnpetphérg 376 (Rjddent dodpeAile 328 SHAL MABRE00%6 a selected inner

non-uni form (e.g., randon) in orientation.

circoppiereneeB R of drhoaskBhe.s Thapelseted v dodumfracnoe 327 oftthe mask
t.. .incl udi h

300 B3k PR S BRRE Bl G o B8 RE D o4 s 0.

one ERBodieRAE M6y s@éctéd SnbPLipsiniferelt® IVT 8F MeShRKE300 is located about

diffraction patterns or patterns that otherw se
0.05 gy froan thednnerperiphérigRévenent that may be provi ded by

a w th an ure,, syuch a ny of those. .
e P e Thsoadl 86 Hief et prédocf R o ditset B uvofyes random
seledlioh ®f & iphfalityRANSoatiBAHadl foRhitiid Fhobls G thb 8RSk 3680 corresponding
subst anti al nunber of the holes may be vari ed
to thedpepbiony dys disgusbed Brther bilow, tenmethiofloram also/¥Bvolve determining

whetllo B PRGN SO E Rk 905 FHHS Eor Sarple Sne rterion

prohfoith S B leddt| aymaj oy, r 2t eadY sE¥istdolfiBl PBSBRA of the holes from being
her ei nbef ore descri bed, except as describe

formgd fat docations) tHak [comespbnd treb& 1369 araputdreperipherabiregities 305, 306.
mat eri al s di scussed herein, including those discussed
in Section Ill1. Also, the mask 300 can be forned by
any suitable process, such3ds those di scussed bel ow
in connection with Figures 48a-48d and with
vari ations of such processes. The nmask 300 includes a
body 304. The body 304 has an outer peripheral region




[0180] The i nner peripheral region 306 may extend from

an inner location, e.g., an inner periphery 326
WOoaejeaeT an aperture 328 of the mask 300 to RCT/US2006/013944

sel ected i nner circunference 327 of the mask 300. The

[ ected inn i e f S,
oS Bt BRPBLACHEL RO G, 'y St TR biion of e
holBe bR WiNe fdBe®@iod HBsdRS¢achOther.| FopaemiTbamsiche rﬁite_rlohﬁbould be

sel ected 1 nner circunference 327 of the mask 300 is

usetide assge tisbawall, DEknesst - emtheh@&)iﬂﬁﬁeﬁstwen hehgesn @ipgent holes, is

[ The na 300 be.th rodu oce . .
not} {25 thait &) BREertimnef a5, B5F itpefiberfy M SRR° ickness s
prev&aad fr@ﬁ%eaigqe;s%émuowzohua@h@s on the mask 300

corresponding to the locations. As discussed further

bel BW82} he Tmret vrotitionrofalhe eniodishens ofclfigrre 4117,nt§e outer peripheral

roaiip 1031 SHoRREle0ae pt BORGREOR ST SRPRs B gt Birjpheral region
3060 dPGsbr ﬁerftﬁﬁk@rr o4y, Inocﬁloﬁfer Va8t on DI ShBHdihRht of Figure 47, the

portion o he“hol es from being fornmed at | ocations
innesparipberat mgpondDa is dinnatedend dre lmle wagiqred§hersends from the outer

ns 30 306.. Anot.her terion prohibits all,
perighOiL RS Us45 GRIET PETPEY Fasher b Subssant1 &
por @usﬂhof ﬁ@ﬁ? la@b%ﬁmtvg QRRL 100 R i BAILPR tﬁla%?d%ktlgo except as

eac exanpl e, such a criterion coul
desuslad differmaybaotwh éﬂleana@iilfllﬁ(}tchm b&meds pf 'élegnatemdieﬁscussed herein,

ins BB 650 SoBSRER, SEALE A S 58 e o 7 e

pro L] s&cg SKABSS dis%u%&\b%w% fcbRiRchsh Rt ﬁéﬁg‘@&-%d and with

out 20 m crons 18211'n a variation of
varmnbmjofrmnﬂl phcdsseur @héhaskh@ﬂmmbhldeqaerqubreﬁﬁl theielyasoan anterior

surepe 408 Wl ? APRF ORI b | B POk JMBAISH R adhuient transport
stru@ﬁfré RORY ﬁaaﬁ%%oné BrBO@LNEE, lﬁaﬁae%ta Ilﬂﬁraﬁfty PR8I RRA T TRMoles 420

of Figure 47, 'the inner periphera region 306 is
are dbiomddn at dat Imﬂy 40 shah® megerdrir8Bpore i erwsdddr buh transmission of

oy Bl Bl 3056, B B0 BELL BUSI o o

is sSbhdidiAlly %l v{eﬁ‘t%d 83 barkidiaf ﬁ:ﬁ@ﬁ&le@%ﬂ 8240HR& such thaﬁ, when the eye

differently bel ow The mask 400 can be made of
withrawlech dhe mkiskcl@kds lwowded ,is i dickctedi atgan ruibwt db ssussatd, lLight

contfiv fied et pb el Sigthiae s L8 i HEL Bipti it poies atons

paﬂmﬁéagg}le%{,gh Fi gures 48a-48d and with variations
such processes. The mask 400 includes a body 404

t he{ﬂl&tﬂs ain emt embodinent, feadeofh8 hatat 420pws rdoloentrance 460 and

L
ax1§ 264 fég(% EJ f)rebé}{tﬁﬁ ﬁ%ghon-rgfsh AR Bin #Parfbifor surface
Int at t

. forme 4 so t rient transport Is
408ptndine (;dmstehmt sﬁf@asﬁﬂs&rmtghe‘he halts #20. dnemgyenilndiment, at least a

subg el AHPALO B Bele 040 BVt St M SPRSDRS: ELALEMAL i fess than a
Fﬁés% 0?%%af11£ 3%0 %11 %ﬁotﬁ%erﬁﬁ&tﬁ;eﬁt”%ﬁleaw sﬁﬂé%uxmﬂnber of the

eye Wt the mask 1000 s coupled Is
holadi 42 hevd atlongest) Idpnenmctm obe perbunsic aﬂ legétt atcamey ef iiheganterior or

i mage object .that. enters the .hol es, 420
PosteAnBIERR 0% M KB Res ?%@3@83 Eaa@}mﬁ%'ia?f thpmask 400. In
OMEIGh fand Iy
SOH{?as a dﬁlb%égg%% ?{fﬁgg‘o 460 gﬂr? gng‘?]rg%gqua?t %&iwﬁiéa@s%eé%g a mask
axis 466 that absthAalbx pendsts prepagationt ofligpdrdm abke sntdb@r. suffaec 408 to
transport axis 466 is formed to substantially prevent
propagation of light fromthe anterior surface 408 to
the posterior surface 412 tB3gough the holes 420. In
one enbodi nent, at |east a substantial nunber of the

hol es 420 have a size to the transport axis 466 that
is Iess than a thi ckness of the_nask 400. I n anot her




t he posterior surface 412 through the hole 420. In
anot her enbodi nent, the transport axis 466 of one or

WO p6Aa1330T es 420 is formed at an angle wth r eBORUS20000013944
the mask axis 436 that is |arge enough to prevent the

projection o st of the e_entrance 460 fr )

the BoghraAe $1TRIED tasholeAGh: 1t GRRT ehboRgnens the transport axis
: . : . ] ti

i e
is 1Brge enqughatd ptdventt Hanppgedtioaxof 66 afstheebole eentinend60 from

85 degrees. The | ength of each of the holes 420
overlappyng therdolesxdt Hfce bet ween the anterior surface 408

andy po ' 4 e : .8

210189, P03 5 B BUEIIE Al o EH I B s

diaraétet betweeh ebodi20.5i micadiouhd abomicy aricndardhthet trapqopkis 466 is
angl e is about 40 degrees or_ mpre. As the |len

r gth of

betwern handed> depregsn die deeth of cagh f Bis holesi2Qibe-g-» hy distance between

i ncl: i kanal : ,
e Sy 0805 200 P 158 sy s amd w2
mickdi) JRr anb et smbodiirat) ake tiatetsrodiitic Wfles U0 isabbutl3 mi¢ron and the

t hrough the mask 400. [0186] Fi gure 44C shows anot her .
trangpayb angle iy aksut 40idegrecs 00 e Parthe lengiieofihe holeg 20 increases it

. e ' ' Liyn b T, . _

5 el AR S BEAE to3) Whge HBRioRS s 20
couhtefdct tHetendeney 6f Iﬂ)h%&llﬁﬂ@ioirﬁdtﬁe@é ot bof nkitientAek through the

500 can be forned by any suitable process, such as
mask®¥e di scussed bel ow i n connection with Figures

483 and.with mariation f h S : .
1880 " skt A4 3l RERs” prbphell 8RE3RRE, sob it o the

maskUI R GRcGAGhs destiiticat diffefdatlly Hetdw.5 Iheafihac 600 ch®e made of the
anterior surface 508, a posterior surface 512,

a
matgddle digomsek heraipe inchulingythose diseussefeingwstien I1br ThempgdciO0 can be

512, and hi rd mask .l r 515 | t e . p—
forned Yy S ufiabid pliecS 3lich B Bhec dds 8t cEdly RPLUHED NFith Figures
48a13d AASKitPQRriatcne Jfathl gRfcessehUlld @Bsk SCARRERAMCE a body 504 that

structure 516 that, in one enbodi nent, includes a

has g gnggrior pughch 30% o S0 maskdayrs| U8 @iEpenl beragtarioy spface 508, a
posl%eﬁgr %grg% e%Qi 3 gectolﬂﬁ Undd ﬂ;l%%& @14%@%@t%§ ﬁ]gsrtg&% ﬁgﬁ%&s 5 2,and a

, ~as’ di'scusse VE, sSion
third athisk My P eS Wtated Wetwedni tHB firsttrtask @iyen sl O bod #el 66nd mask layer
adj acent the fovea through the holes 504 is

Sl4subideamarial 300 phevepludes 2 muisispt ieosmert sitpdmgopLE thaiq in one
ety FERARLEP LI pLUFR AT THPRL W e i poay s04

so thatghitrieR RvethndottbE abroBOtheGhadkhai dibbissed abdi@] beirt@smission of
t he hol es 520 cannot exit the holes along a path

radiagicinetgyr{es. li2h® tpooidenl lo@tier adiacspbthefpwen thequeh the boles 504 is
I t . 5 I
subﬁtﬁ?r%:agy%ne:\{eﬁgﬁdhgﬁz 1233%%}%“ %}96 @E? @6:? afe Qe sl t when the eye

antial'Ty” prevents propagati on
witlo¥whlch@hé nfaklo 00 Recoapledris Bire@ed Moot tdBe P&/ light conveying
surface through the at | east_one hole. In one .
the ispapsdif ¥iai ebiechihaheniers Joohglercitrasnel exitrthe helgs along a path ending
ncmggéiéon 520a that extends along a first transport
T axi ‘g%ﬁa, the second mask |ayer 514 includes a

seqorgi7|hol & g Ehbedimal) seldastinsliend find Béles 826 eaeidt along a non-
transport axis 566b, and the third mask |ayer 515

lineqyynthy that sebstantiedy prsiventp prenagati@poldighk fiemithegnieriongurface to the

third trapsport.,axj 66c. The first eco an .
postelpf g8 A 8 i Besd 8 nolkg dp oh BlbodFERE fi AR 300 inciudes
a ﬁx@@hoﬁglo'rﬂidtﬁﬁl(}a fhit Sften®NA16ak HERSt trdddfort kiSt568Ahe second mask

second transport axes 566a, 566b are parallel but are

off-set by a first selected anount. In one

enbodi ment, the second and .ghird transport axes 56a,

566¢c are parallel but are off-set by a second

selected anount. In the illustrated enbodi nent, each

of the transport axes 566a, 56613, 566c are off-set



[0188] I n one enbodi nent, the first and second anounts
are selected to substantially prevent the

wO teoansss7ssi on of |ight therethrough. The firsPCaA$2006/013944
second anounts of off-set may be achieved in any

Bt 5} ShdudeG LB KR SEROTSHE crBhgh P bSol Mefgport axis

5661 apdabé derdmbdyRyad 1St ukted £ thiABhéle portseskrvdding along a
the mask 500 may 1 nclude the first |ayer 510, the

thidetranagortaxas S804, Tho dirttheecond.rapd) third transpnrt preguabaq 466b, 566¢

T I Y

5668 af®paraliélabutt a6 FLLANST & firklr Q¥écid @mbBIte IndY¥RE SmBBYiment, the
advant ageously further decrease the tendency of I|ight
secopd ped thizshisanspert axasHo6b o6 iaee propliel bubme offt st by e second selected

retdna. IS t he fit,of.reducing the
sl g R oS RERE GOt BERHGIR, 08 m sgge. s are
offRet BEoMehalf RERELwidthJF 1 hdle FokHcdS15208,0800bN 6200, STIAR, the inner-

benefits of the mask 500. A further benefit is that
moptedige|of ¢t holg pprtivasi20 b waetd v theskis 580 by mhidstensy that is equal

o R D B FOACHEE I Tkl s o
axi® 536 h erHio kPR N bIRAHIBTHRVEAES Mahs ﬁ%ﬁﬁ]ﬁé@@iﬂ? tRfoubR €he holes 520

mask nmay be fornmed of a material selected to provide
fromdbe artedonariaice fPS torthe ppdetoramdaceS Rubst anti al | y

tive opti fects, h as diffracti
e Bhecdn aistsEBoviely L Bt ariand emaff hfcigeeed to
subBtaBtifIBf prede fth@@a:i%ﬁﬁﬁi&%fil%%@ HOrROBER. Ahe Hiftt aaatpselalsﬁd amotmts

enbodi'nent, the nmasks are forned of an expanded solid
of efirisetr ingy be[a0hienidin aivsoukbledasiion.e One tedmipret foo forwiing the hole

sl QUL 45C various random patterns of ho|es
porig S0 Aedetine: §ob B ST FEH R Py Ee ayered Siricture. As
disésSIBAIVE, the InBRMB0 rRAPREIE Me fitst 1478Y 5 105 tddbid BYEr 514, and

to provide regular patterns that aré non-uniformin
ﬂleé@nglaa(sp&ﬁ. . FiRine-446] showsthas peemask 50Q tan Yeofoesedmyjthilree layers.

i ded i tablLe. techni 019 I .
in ol Gty 1 P i e orbe O mpre o tHeES o Croviding
mor2ldyerk sn@ﬁwaﬁ&?&usﬁth@@é&%é tHe?Rnd@ic9 of 18f tBe Bhnsmitted

coordi nates that may conprise a nonuniformpattern or

thranghdbeheles 490 oetorthe Twal dbistliasibe bagfit afisedbeing dredidrelifrood that

ener or nma e rel ated. by a t hemat.. C . .
2 RS P SRty B et BeERRa polltt BT Sblrpet fiogn the vision
benlefitsadT tAFRAHRK S0DALA Gdfhed BeABHtHS MR 163 Hght ol ?Sﬁ) thrduBh the mask
one enbodi nent, the | ocations are selected to be

5005 dyrelat evhdpging thortsptinet fiaus Hnereasepdisi togthendnmele Hiwed aperture
& hg}PEacked. [0192] In a second step, a subset
OTIgEc ¢ ll?bcayipns anong the plurality of Iocations
220{0189] "0 Gh bhPdf HR BRighR! Madk ARBIRMERECA body of the mask may
characteristic of the mask. The perfornance
be foraediof @miatariat salenjedoio rmovide eddquateautrient rangpottemil $¢ substantially
of the sk. .For.exanpl.e, t r f or mance .
profet EREPY SPHE Sty chh @t SORREOR,  Chtrmared by g various
emditabfts "RHSK mRET Re  foPmBd UsRlah t ¥ped§ cbIPCBhONRtc3RD 1P another
sel ected at random the process of nodifying the
embndipent, the thasks mednenerbyl ankpanded sobid matérmd,. pattern of

hol in the mask " pseudor andant trern. .

013 o5 TR aRRE 1 Somaron MtoEEITES RSB AL A5C, various
randtin pBRerh®62hb10 ha %@\'far@figeghﬁ%‘ b8 pfaided Rr AEIRAE £5hshbOrt. In some

the first step, the subset o Igzatlons may be noved

with respect to their initial positions as sel ected

in the first step. In one enbodi nent, each of the

| ocations in the subset of |ocations is noved by an

amount equal to a fraction @f-the hole spacing. For

exanpl e, each of the locations in the subset of

| ocati ons may be noved by an anmount equal to

one-quarter of the hole spacing. Were the subset of



[0194] I n one techni que, an outer peripheral region is
defi ned that extends between the outer periphery of

wobbw/mmsk and a sel ected radi al di stance of alBOWUSG06H13944
mm fromthe outer periphery. In another enbodi nent,

e RAE o RS bORREent B3¢ Tt pdind BL B EbERE o in some
aspiS INGC enifmed3padts b 186 holkes fuag i pheyidaddryt dtfyeuitdbile technique.
anot her enbodi ment, an outer peripheral region is
def {H8d] t hdr 2xEshgierbet wae eehequsy tée Plysality ppie dgcaipns 2207 is
t ial ~dj ' d
sl ot Ol R ! T o oL 09 B BB oo

uniff8l patiegn of atrbguifBsdticnt) dThe $RaB6ACIR0° aflyabe EHnIbARE Benerated or
fromthe aperture. In one technique, the subset of
may be zelpisA by s mebirmpienl iglationshipde By sepasaied by e dixed spacing or by an
t d.correspond.to I f.or ned i .he | nner .
bt 8B e 35 S RERRARR Culed AR sBediRpl JRE foggpions are
selédi@l 10WeQEpRaed BRAICOhstAR PiteR or SacREGhd tdybel g Phbias
in at | east one of the outer perkgheraL regi on and X
t hel0183kr Jard gecond| stemoi gubset 19€ the desstions emongchedwrality of
in t e.regiopns,is increased. Several benefit re
Loojyfontsi 405 b ST PGl P S BB gt (e mask. The
perfRHaRAS chir@dteRtR g bd B PBFEmiiRte RfaReRHSc 0P the mask. For
handl e during manufacturi’ng or when being applied to

example tthe perfatinaher tharzoberistig nuyimalgis todhe bizuaterskintegrity of the mask.

0195] L n another .enbqgdi,nent,, .t he subhset _.of |ocatjons.,.
Wi 18 b B ) SRR AP ng PR b F BT YRS RbRBdilying the
. sub%étt &F Iﬂcﬁﬁéﬁémﬂﬂ? Anife er@%lﬁh%'ﬁﬂt&% of 8618 %A RE Gnaskta “pseudo-
may be desirable to assure that no two | ocations are
rand¢moSpattarhan a mi ni num val ue. I n some enbodiments this

is tant, to assure that the.wall thickness,. which__
cor (BB nadhhes® arlu diurd et Slbhions SHec8 1he Ierlsgs 120 of
Figlt.u% m)lifﬁe&aﬁ@ the WP 1M Th@ SR4BE ofl@&g@h§ﬁi%g%€ thRREWRth respect

e mini num val ue of separation is about m crons
to their gnidiab pbotiomeas seledted abhepfiot istipn ginaowathbodimecknessh of the
f no l.ess,than abaut 20 m grons. 0196] .1 n
tocifippd PRt AROL, 8 TRTNSOLD i TNk A f fabtionof the hole
spabBg! frofexARsteOtachRE RAIJcRHidhsGh thOGRLUT IbSatiRHS EF&EtIﬁqnoved by
to maintain an optical characteristic of the nas
an @ppudxegupl o, ondrquatsr iafdhe bblgr spatiogi sWherenthy sobset of locations is

0 ity and the subset. of.| ocations may be ified
mo PP /GeRnt B0 Gindia pousions el F Faet it oy gflomly or
psefdo-AnTBaky sdidtid Olnh@lonRIeRBLABNN:, thd SubskPSEocon is moved by a
| ocations may be nodified by equalizing the density .
randsfm hph pseudp-randon gmowmtgi on of the body conpared with

EGoREAY | 1n B 14t o S ol o of PR et entends
betResh thE GARE pEEMRPof e hiik NN {IQRSTTaR HRtRRE bit" ﬁéébu@f).os mm

the mask may be 1dentified. In one enbodi nent,
frorh ithe puliee génipheand In heotbercambbdimgito an amer pedplatra region is defined

thatf ko™ B et g AP SF Chumat GiCh el ed raRthl e opapout 0.05
mmSECRRe hitgiite.| By SR cAlbBEint @, &%ﬁkﬁbﬁaﬁm jon is defined that

corresponding to the first region a a second area
extads detweeofthé ootdripsniphéry of dhe mask end faoseledical tadtdtditmee and an

. correspondi ng to,the second region. In one
i R teeah s et S Pt Msfveen' GadBtrtems of thrgrask and a
selebfRB rhiliah HisPhct TRons 960 g W RRSEGnAhel MR subset of location is
conparison of the first and second areal "densities.
modifiedhy ehadudiegtiode desatipnsthat wasltl corresgond d¢ holes ifmmed in the inner
renmoved based on the conparison of the first and
second areal densities. [0197] The subset of |ocations
may be nodified to maintai rdhutrient transport of the
mask. I n one enbodi nent, the subset of location is
nodi fied to maintain glucose transport. [0198]In a
third step, a hole is fornmed in a body of a mask at



augnented. The holes are configured to substantially

mai ntain natural nutrient flow fromthe first |ayer
wotmetihss7second | ayer without produci ng vi si bl @CT/US2006/013944

diffiaction patterns. VI. METHODS OF APPLYI NG Pl NHOLE

R R s e 5 SO o
theaoyrerepdiphpiat rezadn and tiksinnet pergshepdltrb o, the W ii‘g’rﬁ})df&he mask in

vi si gn problens. The masks di scussed herein can be
thege seadgnsdis ncead naeveH binehtsaare Aspwded by esignger woer and outer

proyey A . . ' . g _
peifHeRl 08ifhs Hor Expbls otm AR B0 Bisic IS bl Qg uacturing
or Whekbeiflg Sitied &sla beti@it ivithdtt HRasiug ddmbge fortﬁéh-xt?ﬂ@.t ients

suffering fromnacul ar degeneration, e.g., by
di r 8PFhg IIngmothery smbedinreat.f dx subssbrafi devstiohs is modified by

i t [ QVii the vision of . the patient. .
corhbilne' LPR R 78 elfh bAB Bl fpd ' P timiss. For
exanlplg By 1l dekitgble &h hstke HRONE w8 NodtiBaS ket Néder BRSR Aminimum

pi n-hol e aperture with the Iine of sight or visual

valug dn gpme gEbpdimeanty this ispimnpasiantite asspreothirtithegralhthickness, which
Linical ;benefit to the ient., O.her .ocy] ar devi ces _

corfesh @i 30 mitsEParation BetiyiEn Alerd halser it P 458 didfty GiRintons amount.

As Bfibidd 48098) tHRe nahintiABAlud 6 RBpANSES: M B&ASSE microns in one

bel ow. Al'so, various structures and techni ques that
embeimpet, thersdy peoviding wevalhthinkobsrofdeléss dlsnabeut? Gmiger

bel gw. A Alignment of the Pinhole rture with the
Pat @&QAS \Ifi‘ <L é’:’&“.nent’ the 58 F"éﬁ’?ﬁ‘él’ﬁ m@fhi{;ﬁé*‘ndfor the
patRBNbf ReatidiDisOmpdentdittoPinBiaelie aﬁR}?FiEélrc@la?a%teﬁfsgi o\fmﬂ%%mask. For

particular, the optical axis 39 t he mas
exapiple, \the onticad xcharagferisiie neycbel Opavity dnd the lsubset abfilocations may be

m“’%iﬁrﬁﬁl‘ gﬂt’/inal%atﬁ’tﬁ‘t Mg oy, ﬁ?ﬁfﬁ&gﬁ%i S G BPBOR (i 2 Fed) In another
BodisBent f 100aif k ' _ :
o mask §’4. 6%%%%&%%%? %s%rgg(ggle%g%% nﬂ}mrrmggﬂ% g%ﬁag?[? of holes in

a fiysh regiq oPtrechudyppiiared with thie dedgiy0dhdB&Rin 4 sécedd region of the
Decenber | 004, rhe entire contents._of ichis

bodie JE PXaBlce S8 {Poaitty foTspanling 1§ BiecPhand peefifegions of the

nonftfidthiskive Porgsn SFRARILIBIR LSy Y fcffiBedNth BRE Qﬁﬂ)ﬁrd%ment, the first

ldentify one or nore visible ocular features that
regigp Apd thetsecand regien lararcedte segipnts. (e Fh avedges) of sulstantially equal area.
i.Sihbl.e.ocul ar..feature(s) .i s..observed whil e the sk
A S HBIGRERL BT 1SRN FEEL JRSRRT B aerGeRY i calcuated for the
loca¥iofié l@bﬁes?@ﬂ&iﬁg_tse@étﬁﬁt SR 88q thechRs® Kzlréa? RALHPbMocations is

adequately to increase depth of focus. In sone
caleylafsid; fon theolesationst soarespandingtst the deemidargios. tlhene embodiment, at

teasf it Brobr it e s ik 4B o Hhpotecodl YpHog btk orpfhc cmparison
of thefiict kil Seedd 4rB8 ddnBRic®f 18 ia8bthel OADSdifteat ra@tl%ﬁteone location is

al idaqnmsnt of the mask is believed to inprove
remevddriiaged orhbaspinpadson dfghefisk andssvond areahdrinsities. t he

opt,j axi.s of the.mask nor the |ine._of sight of .the
oatDERL b Rt T o0 ons i gy & e trion ransport
of Y Aefd UkneeheCa SiRkAL Btk Sibket! dTRbARh Y modified to maintain glucose
transport. |
[0198] In a third step, a hole is formed in a body of a mask at locations

corresponding to the pattern of locations as modified, augmented, or modified and

~42-



masks. However, substantial alignnment of the optical

axis of the mask and the |ine of sight may be
woaedsiieyszd by aligning a visible feature of thecraskoos/o13944

with a visible feature of the eye, e.g., a VISI bIe

- ocul ar f eat éﬁe% used heirggwélg%a%ﬁ% aﬁ nutnent Aow from
freat
the fﬁ@t Ihgge‘f‘ Yo ’Er%e Se‘é\%gllgg F?% ﬁtﬁﬂs@%ﬁcﬂ% Wﬂé}g e cﬁgi;da?ﬁ% g;?ttems

VI s Nai eI\MHOQ%EIMH&EE@G PIBTHOLE mEERﬂ‘GIB{EDEVICES

di scussed | ow t hat enhance the accur f t.he . .
ol abdBBh decEonsaRS RS Rcih e Bt H topiBrqyedhe vision

I I [ t k
oSSRt AR0SN 5 b/ i P 0 LBk ol S, P s
dlsMJSSd:(bh@'emOdah&fe dephdyed én aodbinhton wikd DLASIrogdutepto eliminate

i ncrease_ the V|S|b|I|ty t he .ocul ar feature. .
me[e@‘ggtg]oﬁ,abxgﬁ@nﬁgi EEatoens] @y\f}f @N%t'stm 9 ‘i%’fl“?aa?ﬁ }ﬁgﬁ%léeheved that the

maﬁ&tcﬁgc(iiosg& h@ée?)r? Gelrt X u\?seﬂ'?&f Kot L]:faaelﬂ g rret orh ¥8acBYE degeneration,

a Vvisi eat dre od nay
e.gl, rogldméetmg Kgle payf toiwdaffedtéd pogions uf sitibh,ehaehy anproving the vision
feature, _a conbination of visjble ocular, features,

r

of the patisntn 8‘(1!%‘?1’ epiregimenkisspateppipter mate prRcise aHgnment of the central
t f t ). r se of
C%ffi?%ﬂﬁgé Ithea? ﬁa§ F?}tﬁ%ﬁ%ﬁ &lh%tg vl'1¥h elfxfgycgft [irjir’%‘ogn@ést\ﬁ?axxs of the

paﬂeﬁﬁﬁﬁieﬂild%dt h?reﬁﬁé areater mhmchl smefit foethe pasé) ©tbaudeatar devices

feature coul be used alone to estinate the l.ocation
thatyflo tnieé Tequire BPInshelp@PeTiIrg faR e Pachh ign: ! Hlet #igoment techniques

dis+uo geg{ %%%g{%g%& 0§ st?&%t@eg Rhd Fe%gmt V\%s:%H E%xgt?egtéstﬁ@ g? femove an

oc@&debﬁee%rdmﬁ@e@belw and the f| rst Purkinje inage.
O:her estl nat es can be based on aconbl nat| on f t wo

‘ Kidhice: e 38, in
Purbjth gurkl @mabeoit *a!.er%eml i‘éﬁ;{ﬁl PR ﬁiﬁG}et aﬁem 38, i

fou O her estl mates can be based
particuler ehooptital exiBBokeithe niaskgd withl thmeiseal axiy ef Heteye 10 may be

o Cal L eaLur e, L ST of SN0 BB Ko npu rom
pat%ﬁt Eﬂ&&%%@%ﬁ& &{?oca%%u&f with& Qéduré fo ﬁqh}ﬁaﬂtlthéinask 34,

Inje inage |s close to ecenter of the
Thie rte¢tmipe ip ulesdribed ini moteeddail in R].8. Patage!&md;pa’pomNOddI/OOO 562,

nade uatfe estimate of the | an, of , the |i
e Tagrember 1200 e GRfE TR PEWGishas BEERY BRPrerciaprporated by
fixed or a know angl e of incidence relative
mf&élyaf su‘%f)ace of the eye. The nethod may al so include
a sfop1pf ildesthérf wyinbgdimentss isigdtems wﬁmneﬂmﬂs ﬁﬁml’tiﬂbasme or more

to be aligned with a_visi I;oc arf ture,
WSM%e@%%re%gmmSt%er@lﬂswo 1%63 ikt 10 9696 Mogr, visgide ocular

fea %pi Ly flsdned hile ﬁﬁska tﬁém @f&r R0 eye. Ahgnment using a
enporarily, a visible ocular ure. In Sone
visibidboclilaefitare ¢rablck alad mask of pd:rﬁmregtbquaie]al to anerense depth of focus.
i ncrease the correl ati on of@pﬂe | ogati on, of

t . .
In gpong applicatiens @ restmepd Pethed sphancgh e&Offtﬂi‘f’élO@J{BE the yisible ocular
8f imiproRe AROANERNANEE aklP xis and the
fea@%?g?%&laﬁe@mot%ﬁﬁﬁfe{%%?ﬁ%? eat ure ?o gﬂg sur geon. eSan
lin©ciHight. feature may be any suitable feature, such as
the or any other feature that caorrelates or n
Hfzﬁg} ed AfFuzdte aligugent ok Heclips fsabelieyet Ho dRerowggihe clinical
ber%%? g}&%ﬁ% P HYwE20 Q03R4 V%tFéagl %ugt)f ﬁi[egﬁﬁskq{or #9ine of sight of
pat rent. techrdi ques 1 nvol ve alignment of a
thefpadbntie saferdlynsiklevhidngtthe syrgiokl procedargsanhieomplaiéd fdnémplanting
pupil. One technique for enhancing the visibility of
the pupil or the correlation of the location of the
pupil with the |ine of sighiysinvol ves mani pul ating
the size of the pupil, e.g., increasing or decreasing
the pupil size. [0205] In connection with the
nmet no_d of F[gure 48 any.sui'tabl e criteri a can b_e_.




[0208] While the alignnment of the masks descri bed
herein with the line of sight is not significantly
WO aangnaset by the use of pilocarpine, an opti ORI/ GR§N6/013944
- of correcting for the nasal shift of the pupil may be

er f or med. 2006/.113377PCRPUS2006/ 0139 020911 .
madfie Hap T SSeoh AELIEHo: CErRE SULg! PoBeck and e ine of
sight WA M ScHidVeH TSAPRIRUP Visibié Eiurd BF $he RN AHE ViBYIPRature of

more suitable where it is desired to align a visible .
the mpss le.&f  eatisible ovelar featurou thsruspdhérpivethe tofm tvisibleadulanifeature” is a

brob g Thes FpOAGS POUS U D B 5o PR i P o fosureical
micRbsBBpe BORBAD ob RN ACHBANTiIIRITIE Hnalied ob6CVkiBHE rethods are

ni pufating a visible ocular feature!

disqussedHelove dledt eghancedbé neaueyi afitbt phesembnt efsthe ofask juging a visible
0 gcause t upi i ze to.change. For,. ex le, .a.

oculi; G| gibesBamebiods; Feacill FNOR e, Hevinge o egh f§ dnorease the

cortelMfioR WthedhOhE 95&kibh ‘"Jf-thel-:r Qisﬁ;l@%@ﬁl@?%hﬂ@lénd the line of sight or to

substantially avoi d di spl acenent of the pupil that
incriease theeisibility ef Gecbduter dfeatmect i on wit h sone

har macol ogji ¢ techni ques. _Light can also b sed,.tq
i e pEipTe 4578 2 o bt P%I,a%f’ﬁ ong farind O?iaaﬁ!emg a mask
it 08 HERLERA S €1 bR R 001l ol e st of

idertiipingCa ivasiblei btulat ifeghimeg at combinhtioh|of wniable foealtan rfeatures, or a
adj acent. to an outer. periphery of a_mas

conRoogEa g potien Bk AhetsPifpeh SBAE Mgt guidicisnty correlate with

the MEGHHE Br Bl T B b ot 4 btk E W e B hiior otber

visibleacalar fhturersildisy/uded \wiorerio iciiasteibe lqehdory of the lmatofsight. In
eri phery, and a pin-hole aperfure | ocated w Ibh'in teH%

anothep Echpighe, Shejogationef the fing gf gehiranhgcstmatpd g be located between,
(o \/. . . . .

57 BRFSHG 0aReh, JB2 btk b1 (L R ARRARP N HRY Purkinic image.

Othapgtiiretestyn bh ®agat diod sombinatsd aff ted dyymdre gifi thee #i8t Purkinje image,

exanmpl e, .such features, include nutrient transpart .
the §f?qr§@t Py SPEgUbedhig Bubsie i 13pd ¢ pHab dkinje image.
Othgzlu Gk 9{1} B8aSd'Sn otfe! HChYELP £ 15816€%nl Yne or more other

stantially prevent nutrient deplétion”in adj acent
anaioarics afeaturess udn  awtheanychmiduer tha ddcatientofr thedlise 0f seght can be

oStiRRRA o HGinE Y Bothe) B A1 he, UPSie e 56 PARGHS g s located
cloge MChePERAG Y theobuifhn8B phpit | A BRLRPUBIE Hnpge may provide an
adoques estiomdtelobthedbeagioad i Hind disigtrittheffenkipfesimagefs gdnerated by
T ot P L i a8 Pt o
metod FR3 SSnAREE ARG AER G PYBICRaRE: bHe mask to be aligned

with heisitleecul pefkatphe by dztussbkfnthskbalow. t he i nner

periEhery of the iris, This techni que could be
f adPP4lat el by sHaki1080« BB £y 45 oG, it alfist iTs ellis gueferably

temgégg%égyf af\#\ﬁbféﬂﬂo&aaﬁhf&huﬂw R HaP LAY Hntcisl Yid F%re of the eye is

al1gning the mask to the anat ofi ca
altetedrid in¢rikase ¢ caxrelatibreof thelo@ition @ faheloadan Maturcioutle liae of sight

lurality of concentric markings that the_surgeon can
of the e dnpsewretcesss, thedreptmect ofiniepd W0 enpances %é’ﬁ%lblﬁ‘@f ¢ the ocular
S nQ, . [ y .
featl byt birsforl S TRFBLAE (h10 alal e AT BOE ABGIEY ofth g5 the ppil
or ank tolthdr featinRnBist guardlftBeoy can be altered by a treatment to correlate with the
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of the iris and the mask coul d be positioned so that
a second concentric marking is aligned with the inner

WO peilpd3eTy of the nask. The second concentri cPEEUSRISE 013944
woul d be farther fromthe conmon center than the

lind bf ﬁ%lgﬁﬂ‘ti]gfﬁén Ieh@ S®hE tRbnighed iBVSive ﬁﬁrﬂ’ﬂ Lﬁ&gﬁgﬂl&iﬁu‘e of a mask

anot ue, the out'er periph ery

with dbg gupibord pfgherl oﬂﬂtdplanl b2 (75 tenhquie ﬂoaaﬂmﬂﬁg theloRibAbty of the

o S 47 SprBlrtio 5 e Dasting oh el vilite Bk iof s nvolves
mahiplafifg m@?{u gifle, gt*%ﬁcreés% &'d%@fe%%%hgﬁuﬁg Ssi:zjg.a s

coul d Tnclude a plurdli ncentric
di si#288kd abowmection wuthtﬂmmethed lofiFipues 48, ey Guitadle criteria can be

ri f th sk could be_ al i gned W|th an
usef} 36 Bl et o e e 490k aVi0E RELPlc B n Foh exampic,
th
o Pk At SO eV GRS o Ry o e s it

Wlﬂp gy athat@r;ucelflandmeﬂxrmrﬂw ep@ekthagan axis passing{t@iblgh thdcenter of the

npt her techni gque, t. mask can_be aligned so that
STREFETAIS) §P- ﬁ%@ré’gﬁb OF M&Fﬁ@gfﬂﬂ% contigeatetih lgataptiedl axis of the

tgh% | n
4 per }“Sﬁgﬁh’g‘f&’{ ﬁgﬁ{%dgdgl %}&e]? | s t ecﬁ%ﬁ g’%é’eﬂt{éﬁ gfgﬁ enfrance pupil
aﬂdrﬁh@"@ﬂ@bifyhe e.yebmlms WisiusédHersi, thatontibe 18HRMRIERs Dbrohd @rm that

Iﬁ ess an the dianeter of the pin-hole
inc %%r%‘f‘%b 6[06‘911‘5 e hgh g g}eyﬁen@ﬁoﬁﬁhﬁleﬂﬁ@tcemﬂb@e ln'ﬁersecﬁon

of HEOREE it 8 TSlcl ot 6302 1 348 o BBt ot

pmpher;dmﬁ/ﬂﬁmﬂs; ﬂms;aﬁafmhm dffike pa&k, thBHRUSMMBEGRch B iris and
f_ the pu coul d be observed. The w ndow

the 5‘&%&@%? weem Eher irlg r@d&b@ pders, fdstp lp¢nsipn o tihel fits Purkinje

Aell wh
magl R P Lt B PO SR S AR 50 e e
the fneatyeroof il Garthh Burkiigé mgd-. | thé hﬁa@t&ﬁbsﬁ@ﬂ 0B&n Qﬁﬁm‘uﬁitlon of
correspondj ng wi_ndow portions on either side o

Purlanig. Imess, e rogranatipreoffhealogatiny of en%urm Fenge w0 any other
tu | ocat ed
cna G A PRaRAS b b BN, Sl RhedoFY S SRR oot
f ed8206¢ of Thehpupibsike nidy be dssr@RGELHP Bhy Qﬂﬁﬁi&'l@ﬁachmque including
nnment w thqut a.great apount of pupil

al i
pharfigrdO R crpRRuIago a5d fhebr enopiriapep: |0mesam vl iphamaclogic

R 9P 90 B TT ot i

applditg iheesye. Ginettbehnivuel far agpleihg pﬂo&.ﬁ'ﬁlﬁe ﬁ;rtﬁ 11§§E:ct%reﬁ’ect1ve amount
vj si bl e sk features causes the nmask axis to be

into thp, &¥ent FEents deve sedcing Ql%l FIZ% dncdpdes| ghrbaghol; flemecarium,

1soﬂﬁﬁ6 hate?iﬁé&s@féiﬂ a%ééh%mgrel 1d.e o ¢ glﬁ g? ?Elese;met I(qand

SI [ﬂﬂﬂa} t d?ll"marpm&is lawwnstoshife tHel 18¢dtion Gl thée ?ﬁﬁﬂ nasafl#fn some
be E id to have been achi eved when a patient's vision

caset’r S rgh ek BiPhleraatiGbora perme |Q§H13€)fpr@¢¢éu‘f¢a,s Ieg | thoswm peocedures

gpﬁl% ai d t ave b
acfn ev g&t&%& { hgévr?giso axi g‘ FEF? Scé’vﬁlie éver, that such a
shift demmmﬁ?rédmemfeﬁtﬂﬁbfmmg 18@riBed BelbHs NO

hez t han percent of the radius of the inner
BBkr y V&“ ¢ e phgnment pishaemasks @Sm&shemmlvalh the line of

: hav en_achi

Slghtﬁ%agg agl g 'S f%FII n!1 gygﬂl%f é’@ﬁ?%?’é‘& EBJnolif g]%%mog?mcﬁng

for tmi rglod! saﬁtioiftaupﬁglﬁlaﬁzaﬁlpéﬁfoﬁﬁedmfe than 10 percent of
the radius of the inner periphery of the mask. In
some cases, substantial alignment can be said to have
been achi eved when the mask axis is within a circle
centered on the Iine of sight and having a radius no
nore than 15 percent of thd5fadi us of the inner
peri phery of the mask. In some cases, substantia
al i gnment can be said to have been achi eved when the
mask axis is within a circle centered on the Iine of



outernost 20 % of the thickness of the cornea. O her
dept hs and ranges are possible for other techniques.
WORORN}3Ther eafter, in one techni que, the maskPLE/US2006/013944
pl aced on a | ayer of the cornea such that at |east
one [mggh_e INBR! vRRitioRh 8le raltfhehor R4t 8Ep RE6G fﬁlf\%g'yesoiﬁncreasmg
the mask is at a selected position relative to the
pupilipizt.. This technigueintaydecnotesniatiewheriediie desitedeo align a visible mask

features of the sk y.be al.igned. w th _other ocular
fei5, REPE N THER BEFERFY G BoHTATe ¥ BofcBbik | affiess techniques are
disehReetirEheibe mask. [02201Additional techniques for

appl ying a nmask are di scussed above in connection
wi t f0HIOYur eAs Bixsussad abives eharredtoddst afbifie BeepnDIOf ¢aadinvolve non-

for use in connectjon with alignment using visible
PME&P@P%@. t et dORnguipelatpg bt cvipiRle (pgaler ¢ alyge.  One non-
LS | e
PR oL E B B il g or
exdomgle) 4 btiglt light naabe dayeted imy theejrabateseohe pupidto constrict. This
isible ocular feature with a visible

al i gnnent of a ( .
aprigaih mak subantially o (BERAREERT (e PHEH Jha hes been observed in

_ : g e .
CorRR e Bl sink AR BRSSP R B e ol
size.OF oreaxiarmipdcy ¢ite ambient light 0P8 relificed t@d4lise Hanaipil to dilate. A dilated
variations of the foregoing nethods are also _
puraﬁg:gy providerspane,advgnRipgrt InnsonRedion witbalianing ta18 ysiklamask feature
: | S| f e ' L.t h any of the
o e T S s B R T
opt [02dll] y |Ipcadtemgood)er pisible fahfie bf Aqnak i§ialibhed MR the ocular
techni que_ i nvol ves rennvina@an epi thelial sheet and

feature mieph Bedyngegmmedtiongwith gtep HE0Bo iraliscyssed wbees sheomaskymay have
. i o
o i A A A5 o580 A RGO e o

periphetyh eThd pinHivle Apatiie indySief eintdred b ia gk fRts. POgRALINGtageous
t he cornea invalves the formati on of a pocket wthin

maghy, destyren discusied sabavet meysbe dncleded mompepiep aprliadohy ghe methods

. d ' n eat er i- 0 .

ilopEsd B FRull 95, RS, ERGRIE o RYes AT tholBRE MGirient ransport

stroofures ¢omifigoredrty spbsintiatigetiadibme diffdeidn ghatteBisC fintBurds configured
contact |lens or ot her coverjng, over the flap until

to Sﬁlﬁ%tmﬁtr mgvenhaginest denjetipneing %&?ﬁ%ﬁ?g}eaﬁh&%’@eﬂ%ﬁlﬁ ather mask

featfﬁ{'f&igc%sgéﬂe‘fbo{fgﬁl (f,dnggctﬂﬁtﬁth afhefRLERE! 1 al sheet

adheres to the nmask or grows over an exposed |ayer,
sucjezaz] t h@©dBoverhniqae MeRblves ealigBinke hih 0elst of pdRny bRGhe inner

a Mask 102231Havi ng described nmethod for |ocating the

peripheryAf amask yiithy eanajenicel lgpdmak; shosiample, die magn pariphery of

Wetel . I ' f nd rvi [y .-
the PRk bl e 3igied i QP ALEQRARREL S ne B Th i By Brcqtpotished
using whddedtvisioh or £yiewhgd hidpeuchias Wipeees a surgical microscope. The mask
could be aligned so that substantially the same spacing is provided between the inner

'

periphery of the mask and the inner periphery of the iris. This technique could be
facilitated by making the iris constrict, as discussed above. A viewing aid may be
deployed to further assist in aligning the mask to the anatomical landmark. For example,
a viewing aid could include a plﬁrality of concentric markings that the surgeon can use to
position the mask. Where the inner periphery of the iris is smaller than the inner

periphery of the mask, a first concentric marking can be aligned with the inner periphery
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[ 02241Fi gure 49 shows one technique for screening a
patient interested in increasing his or her depth of

WO t@wei1$337The process begins at step 1100, in WACEAUSEIVE/013944
pati ent WD 2006/ 113377. PCT/ US2006/01.3944 is fitted

ith sqoft contac enses, . e sof t ns .. 1.
of s ahe ARGl B PRTonloF tip 855800 ORI mblk i alignea
with B 288! p&RMbACST 1heNsak. MBe dd6hddencehicGhiarking would be farther

correction. Next, at step 1110, the visual axis of

frore slehcopimeon eenperttharihe firshpencentyi¢ wekinrgingbis gsampkbed

b A 120 K h f .th .
Gedi1Veq Tnatbereinia. FeShieptandy Bl Seed FEiEhg aisnea
wiﬂ? irﬁ? Bdibiical RRIARY Giith BYACinfAbr ﬁ&@h&@'@f%itﬁﬁ.o frhish&chnique could

mX- s aligned wth the visual "axis O e eye. In
be fahildatpd dbytdilating tihe pnpibk Wil tedbsique anasetic geanced by the use of a
.. concentri.c with.the patjent's pupil,.ln additio th
oo 1ol IR Pk BBt SR ientsic ERBTE topieed above.
hERle bren Al if arPanatomical
In oSN e oG PiRery U ROAACTIE E L et it anatomica
landsmobnshiches thé bewidarycbetivaen theeimsemd the ecleraa "Bdg tachinique may be
.soft. contact lens is placed over the pmask i.n each of
faﬂﬁﬁéﬁ%ﬂﬂ%ﬁ%ﬂ@ aex}e@n%mfi e Brap Pk el PSR GRS e
masky il a tik Sk JueC B2ShH | I s ;
st 3%211‘940, g? e 'pattlbé’eﬂr?ltlc}ﬁg > VI SI gﬂr??a?qfée&sﬂtgggd S(lf)uﬁ%‘ ﬁ%ﬁiannaliy the
samt@pidimgis provided betwieanthleanter petiphdry bl thepoasktand ihenpmer periphery
t he, mask .to ensure, t hat, thgeéo tiical axis of t

: he .
of theis; i thiptechmguetherynil Reshasliyny sptpcted) ithatdbe giamster of the

_ ' ' E r details of
pupf 2§{e¥§n%%¥h§q§%@e%?§'ﬁg ppiple ap iter A% 6, 554, 424,
i sqORLS]ADr llicRRtival9Oah antifavt chpbe firacbdliy thefesliethaepgives a visnal

herein in its entirety. {02251I n accordance wth, 8 )
cue Qi prpar Flisnerenk n 68 Framplce therk Sopld i OP6 9T TOTRyERAPY portions

fornzet] @ tﬁ@krl%k kB fifkh!dAd Qﬁeh&‘ thi¥ ﬁu}?ﬁ Gl Bk o E%rved. The window
Interested I'n Imcreasing s or her depth o ocus.

porthears @x&ipkalead geaduadoins pRYheyuéduld ber ainegt @abiiatiyi eapagas regions
di scyssed above. The mask may be a sk as descri bed

thropigh atHch SienUnat cowld hecuBCRES L PLRP feRbmmS She Giresqn moves the

r =000 - - HRInIRA dith€S side of th

masinnfty SRSoufOOR I, o 08 B ep R g0 FEURABRA' G sifc of the

pin-hblerapattiren $he Tandow potteons englden sergegn tablign a misiblnodulay feature
a mask into a patient's eye

_ .t he mask may. be .
locaggdebenspihctnep-trppipaeat ﬁ%&m@e&féﬁ%m%mi%%ﬁ.of the mask. This

am_’ﬁ_gé&éﬂ : tHl njoRaB &N IRl cdBERlibRSs., wh

r ex:agﬁngqlgs?at & s tﬂﬁaﬂgh%géa?%pﬂogﬁtgydﬂ nder neath t hg” oo

the maihie aob fudlyi cohgtictedic h ezt smbhBaethbm thehitamaemefdhsimner periphery.
Bowmran nenbrane, in the top | ayer u?f the cornea's

st ABZS] or Preferably the alignment of tgeculagfeature it gag or wore visible
I t ! ' ' : - .
s 5% VAL NESACA GO b LB R o g or e
eye.ofSilzeancial Algmnsen€pof the Imasinagiveeith thedA2/4 ki, guthethe Hifla of sight of
t hrough 50c show a mask 1200 i nserted underneath_an

the gy (78] Simlps frawe, Tyohoes TsybptantdalbnerlBmemgn canihifesaid to have been
souBHSOER Ly LU, SRR K WD SE R A . nsome
caseSheistanti il Alighyend @aii blel s2ill kabkvel besn, adhieveti ovieni the mask axis 1s

Fi gure 50b, the surgeon creates a depregssion 1215 in

withgn BGWRErpeateprdar heding 20 stebt pad Batieg Agadies RhEorg Yamp percent of
e A3 R pd eI AN ] b iR et cn e

saidab Hake badd gehidrt when the mask axis is within a circle centered on the line of
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apparatus 1200 or other simlar apparatus. The

depression 1215 shoul d be of sufficient depth and
WORMBIN3Y7® bot h expose the top |layer 1230 of t RETASPE/013944

1240 and to accommdate the mask 1200. The mask 1200

L !}]e?gnqn(%l al%?%ﬁ ;}Q) oc a ér'chﬁ o]f%l]t%radﬁfsccﬁ‘{ﬁ@ ihBfperiphery of

1on to
theciﬂztskeqﬁ%ﬂmtc@sdsh Substantiall al@im%npéantﬁbesaﬁlﬁtd eve beeeehieved when
the central axis of the pinhole aperture of the mask
the Y26k axis i withis am@men@rqdwncfbp Wing @4 sighi @lhi hqﬁ@m Ed#ys no more

Thi h
thafl 137 BBisFRnE T SrAPLRE he RF PPl S HSRRAE, g some cases,
sub'sﬁﬁﬁal 41 Ri &dnEbd SHid S BRle Hedd Qchigvl ﬁﬁ&dﬂﬁ\kﬁﬁs]ddk&s is within a

mask 1200. Over time, as shown in Figure 50c, the
clrcé@ ertteted wm thhdise of sight e (hagingve wdisashmees then PReerespt of the

y 1230 of .the SO 4
racyS 5 FaN PRTOGY OLatH B oft pfHle ERispo bt dR gt can be
said RS KavbARn abBicREENREh 1R B BG4 isl Riftsin HBYrcRecddtar6®6h the line of
over the incised cornea to protect the mask.

: mgl@mﬂalaﬁmgm wdis I whredtigh25 percewiow the rmlsus af3bginner periphery of

e R, SRR PO TR PR e e
the%‘a[sﬁ%ﬂ& i Wfiftin RIIERSceRREM dile %W@lgﬁt BRIRAvAIEa 14348 no more

hen, as shown in Figure 51b, the surgeon creates a
thani ap pessioof the tElenofthe oqer amhem@f)fho fmasks tyschasugsed @bove, the

correspgnding to t vi.sual f the e
G o (e e L e pestEbt 6 eata i R B dpyenhance the
h?mggn@ﬁgfmm mar ked by any suitabl e technique,
or exanple using a visible ocular feature or a
t ecli2ilgue dnplstap HSpteineask is syplied taHe ayepf é@spabmt Preferably
be of suffi

15 shoul t t
the A EBMPBIA 84 RBOTALRI% ShA gk, At e o Sgy -yt the patient is
maﬁ’i eﬁﬁ&ﬁwmettﬂ@ Iﬂsswﬁsa% BB 16 khe PEGRURE phfiht JER &8 Gikes, this

15 1s located 1n a p03|t|on to correspond to the
ahgummahs amirgaioéd bpangpsipinérg the aligamenhef & emask fbaturei s.gofa visible

th hol { f the
mali s G S PY SRR SE- D SHPIE RAPIL Y. Bgegample, e techmique
maf¥dins ! ﬁlg\Mﬂeht of &Vlb&@ oh&8f Qfeei%ﬁgferiﬁ)gg:?%ﬁrfﬁ@ butefperiphery of

vi sion possible wth the mask 130
the Beaskrand therpewpilrvelnite the fGisk & hﬂumhgd/t;rﬁmhﬁe pitbi patzod .

as._shown, i.n Fi ure the epitheli
ShelR T, %qhm&ﬁwb&v&r of piiTugs By AyAgHiETor applying 2
ma%oﬁéﬂﬁ@ ove OEITRARAE ARy ShitahR: tBERSRR ofApp9iiathadkahisy Hedmployed
e placed over the incised cornea to protect the
in cvaséction with the n[nﬂmgjilumatad]m Fignreetth &hrmmpleaaamtﬁ)rﬂﬁfabove in

SUf f(i?ﬁé’lfﬂ#‘ﬂélgéggﬁga%;gj VAT %gél?lhl!;]%gl?‘l%%u %It antial é%/ posmon the
ma%ﬁ&todlfﬂe&nﬁﬁ tE% lor BERAEL T rentlafBS kvilin e QRALC In particular, in

ving a thi ess | ess than about 20 microns may be
onepleeletiqud) enembdal Bapreisuiabie dbpthne hmgz@ opien.hdbe depth of the flap is

abo‘ri%%%%n?r%mgqge oes?]é‘&]g th)é;{c“t he t a &l &%Ppt rt]c:ec:l*lgllqmé:) mih another
tecﬁxﬂgl!lé’" R tl{"cc)jf‘% ?"i‘s iRt ﬁ]\é%ufgml%sipﬂ)t 4 the ﬁﬂh@n&ﬁ%k the cornea.

be threa 0 a channel created in the top
ahnidee, &t rdopth. ofithe fiyyis about the outermost 5 % of the thickness of
2006/ 11 377P /US 006 /O 944 Etﬁ thod curved. .
the Gespdel Hhgne! hiRt thg aPh‘é © [FaRpS, Olppoout the
outt sBT OB, abbpﬁfz%'m&%&osp% g Jrth@ SRS PeMhaldofleal Gn another
e surface of the cornea. The channel is fornmed in a
tec]pmqud, it degaih rof sho fldp ngint thetrargevoSabmit thel grtainoshd % e about the
The channeling tool either pierces the surface of the
cornea or, in the alternative, is inserted via a
smal | superfl cial radial inegsion. In the
alternative, a laser focusing an abl ati ve beam may
create the channel in the top layer of the stroma. In
thi s enbodi nent, the mask may be a single segnent




[0232] I n another method for surgically inplanting a

mask in the eye of a patient, the mask nmay be pl aced
WOoBReNsda’xi’t he corneal flap created during ker atP€dflig06/013944

when the outernost 20% of the cornea is hinged open.

ouEath 2D s S5 i RAARLS: d2he BRHE OpR R EH TR mecbossibe for

othketealidgiesiry shoul d be substantially aligned with the
patient's visual axjis, as discussed above, for

gr e A28} ef%tf}aﬁe{a 023909 Feohmabncthenmeskols plgped on a layer of the
corpL Bt B4 ) 0 B R} S maskci
.

at dxdiectanpbsiioncethtive ta Bredhichs ¢h thietcElRiifen other features
stroma. [0234] Further details concerning alignnment

of the sk may be aligredivifh jodiss eoplpr foatgrespdbereafer, gie Igagadgomeal flap

c 4 , filed May 26, 2004, incorporated by

I'Sp'g\ge&?g?)gérggeﬁ%%i n inits entirety. Further variations

on foeetini quakliticna®| téttitnieh ol RPERAMRY h CnhBN kit iRbdseed above in
for alignnment or other purposes are discussed in U S. X
conpggiancuith Sigussr24-5Rio . Thesy msthods sray el meeidified &yarse 2 connection

with Wil i Fisi FYureflC BRI BLEdDY LENEIENSR K to be initially
pladddfhlthtieomemAhY&NRat sQARE] fhsin Whe6eS SELE ARRY BlacBinent of the mask
vari ous techni ques are particularly suited Tor

on the didieil wgmgaldaydr anay s /befprs oyiafigr slignknent oth vigible orodar feature with

di.scl os herei;n to a e. For. exa e, 1h So
o VU AR S Pt Reftiies: RumRy forcoahdiyd Al pagpt sieps are
perfote8 bEfRfe difics 8RS initil PladdhER Gty hadk ¢h tRE BEed WoReal layer.
for applying a mask. In addition, some techniques for

t r e22Hg a Mbatyi aslditional winiatiops of thednieggingrmethpdsare also possible.
with the aid of. a rked reference int. Thes . .
The Rishg guods iplel e el gf PabiB Jedliies mip g popbined with
anyFeh&RichRuePdiBaissE ibdve th'cBakQEoR Yvill @ficAly Mtating the patient’s

i mpl ant 1400 in a
line of sight. One technique involves removing an epithelial sheet and creating a

depression in the Bowman’s membrane or in the stroma. Also, the mask can be placed in
a channel formed in the cornea, e.g., in or near the top layers of the stroma. Another
useful technique for preparing the comea involves the formation of a pocket within the
cornea. These methods related to preparation of the comea are described in greater detail
above.

[0222] Some techniques may benefit from the placement of a temporary post-
operative covering, such as a contact lens or other covering, over the flap until the flap has
healed. In one techmique, a covering is placed over the flap until an epithelial sheet
adheres to the mask or grows over an exposed layer, such as the Bowman’s membrane.

B. Methods of Applying a Mask
[0223] Having described method for locating the visual axis of the eye 10 or a

visible ocular feature that indicates the location thereof, and for visually marking the
visual axis, various methods for applying a mask to the eye will be discussed.

[0224]  Figure 49 shows one technique for screening a patient interested in
increasing his or her depth of focus. The process begins at step 1100, in which the patient
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cornea 1404. A corneal flap 1408 is lifted:
WO 2006/1d83 7 ace in the cornea 1404 (e.g., an int ré{%&%@@&;ﬁ#

surface). Any suitable tool or technique nay be used
\ L4 g}ﬁﬁ 2&{5&%%' i d | AL ¢ Sed 15 ich®Fehd Batient's
15 ﬁﬁe@ﬁ‘éllt%gar%ea %8 . olr ’exan‘p?%ﬁagqgﬁiggﬁ( ee. g., a P
eyes. IHrtbOkE Had @fedontat lasarmay inrtndelvégon corsastion.clext datep 1110,
~could be used to forma corneal flap. Ar fere%&e
the vispel anis 0figahed thahpatica hegs iulpgaied ap deseribpd grpveTid 2 step 1120,

reference paint 1412 .t hereafter ,j r '
a mas, g 4 8y 5 e SSRGS T b SroitBr Y B 5® Rofifl Jemses s
that thd $B8cd1SROSH thi epafiredf Bembal sa0RhaP ot Shy Hiaee axknf the eye.
oné enbodi ment, the flap 1408 is then closed to cover .

In thisgtosltieas theampair wilbbe locateh genarpllnaencentis. wifloths Pptind's pupil. In

additiogy R EEVRHTALEGBR, U AR P pavobts P4 ks THHD 5.comea
Ye) | .

The press tb\%ﬁf&ig{%&fzﬂg %%T‘?ﬁé%(#q%"%d? &egﬁ&ﬁpgsaédwﬁ 8G8cond set of

rom ap 1408 is renoved. .
soft cohfRBEhEhe ikeharenaksqfotottact 1R ivwjacke oveteht ivzsleth ¢arh of the

_ - any suitable manner. For exanple, the alignpent.
patientsegyaSes Thegserent GuBiag Sesi BUdS b6 vBASkaip eotaRially constant
..identify th f oLnt . - .
sostior ) S AL BRSO 5, P BE i sabie
check tHd poditicHihe Of dhd bREk t6 RB%uré ¢hag. the @pigdtaxizfofl thekperture of the
formed by all or a discrete portion of radiant energqy

- mask is cubstspinilyi sedfincsr with e aivvebprs of tae ey hmihegetyils af testing
: i sedy v |.d W fAmAN f poi nt
are s SHECEE 780 Brishl b aSPnn- Paielq Dal 2,703,
3 0 BN ~ ﬁpﬁg Qﬁﬁﬁypn the intracorneal
.nmxpé%#fggg&gﬁgég%fg%F¥? |‘e%t| ying the reference point
§6125]i nv @ ueerddnicg withind stils furthea rpbofiment of e fmvegtiem, a mask
. ~described herein. [0239] As discussed above, wvarius
is surercaly melaBtedia B et b TSt HoEier s or Ber depth of
focus. FEEBKEAGR, P gh@ém nhd) RS £6 plal8s &85:88aNBEVAOTHE mask
i's marke appl'yrng a dye to the cornea or
may beok hietsiss alesqited diendn, ssimiitretol tiosaviesarikerbimrthe pfibeatiarea mask
.properties ont t he cornpea. di scussed abave, the
combigpe OpgyOTHEICE & BassE FERPTHE fﬁf@%@%ﬁ%ﬁg’f wg*aﬁ tppEwed o
correctpxﬁﬁ{a? ﬁbér?aﬂoﬂg.r ?aéxﬁi fhbs Birbidaty Shplantiy ARk th@y DBhtient's
~or other visual cue. The reference point may be '
eye, therBiakle thagybedprelysiled drifoldny fodababf mplagitionThe tool is
configured so that it bites [nto a

| ,

40226} an Tagtmaskomay dipeimplent énéEYﬁg{OE%eﬁ?ﬁm*a g example, the

ol e er =0 | . ’
masc T bl el ey EIRBRET Bt AR 1 coreas

Bowma benttien€ gh tthe top! 1ayet Bf @neccappi’s erdimanor inhtbe omlea’s sstroma.
' configured to deliver the dye as_ di scussed abov

When theimesk! isgriede udemeats thy spmen's eRibeyEn sheet, samoval of the mask

L Y o T . .
require i 0E BER Bn 8l A PR BRI s iR Weefl0PS, 001 T Gl
fb27jef erpng& B0 RiroliBly 506 BBWKedndak 1R iAGrRd underneath an

i'mpréssion (e.g., a physical depression) on a surface _.
epithelivin tsheetcllfe alonthis eorbodingnsytheasias regedviey dis) epfthelium

ot 130 BB L 50 S M, B SUR5: B 1 ey

lied BAR et sBY¥wn Gin Figmd 508/ HeNfrisdhd@éatds 4 Beprasiodri215 in a
o 5ﬁ%’pra?gctingw?hatlg?ght ont o t%e cor nea %?

.g., by
Bowmau'sojnenibirang 420nmurkispepding tpethp vifuap a0} shihested E’ge visual axis of
f oregoi_ng .techni os, for marking.a reference LNt .- :
the eye gy D8 1EGHER Ao DR ﬁg%ﬁ?ﬁi@&%‘f&{* Y 5% BE 1 afigoment
i ndicates the |location of an axis of the eye, e.g.,
the visual axis or line-of-sight of the eye. In one
techni que, a mark i ndi cat@8-t he appr oxi mat e
i ntersection of the visual axis and a surface of the

cornea. In another technique, a mark i s nmade ,
approxi mately radially symretrically di sposed about
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i ntraconeal surface. The mark may be nmade by any
sui tabl e technique. In one technique a mark i s nmade

wO Bwep133si ng an i npl ement agai nst t he i nstracPChE8006/013944
surface. The inplenment nmay form a depression that has

crk PR PR PO i
: 'dep{ho ah@" Widih Clo" BHﬂl}aﬁxﬁés@gﬂl@eg%t %2)&}@1’?1@30 bf T8 QfrofMe124U and to

a physical depression, or with a dianmeter that
accorpmsliatghbe ymdskr 0. t Hee ntakk 1800 g5 thtingplecas inothe alepeession 1215.

Beciisa s SRRETATEL 215t IR b3 AP HORH SSRBLE B fhel s of the
patiéht® b I AcOBBA Siid aFCthleSpRfoleN 8ptREN ! thel ARSI 4080 will be

in one’technique. I'n another technique, the ‘
substmitiadlyocailadar vitlf Hee vissaloaxinef dkpoyed Thiy Wit @rovfide e greatest

impg il 1 e RSP ith il PR 15000 i thé St i ekt 1210 i
plac{e_ﬁf%%] e n2RRYDE6. DRENRLEUR shbRE i PIghRA40df hﬁrépﬁﬂafﬁmi Sheet 1210

Ifted and thereafter I1s laid on an adj acent "surface
willlggd e okl ddheredo teatopddver 1230 afi thehsdroma 2446, geiwell tab éhe mask 1200
corneal_flap 1408 is laid on.a remvahl e suppo
depBhg, of FOHTSEs O TAe, BATEROSIOR %@*ﬂﬂ@%@ﬁgeﬁ% ReFded, a contact lens
ﬁ%@ REiked @0 1BGGhdAdg that is
ma){:o %,ig%ﬂr(gv ?%Hﬁ%llsnt al n@%tﬁﬁé}at ive curvature of the
cor[oz28] f | &jpuieh081a [ BRAZhFE heirshow? asinasks 130At inséreed beneath a
marked reference point 1412 is helpful in positigning
Bovgran'stemhransn 1320 ohat ¥e r Ictlis enbedipent, Pﬁslg%ml_t gyfe Sla, the
r r.ef. Q] 2t : he,. i s 51b
s R e P R B R T e ioienE IO, o SRR Figure ST,
the birge@y ereatb a bgresdid $3 Ysainaectop ided | 3@MoL a sthvenad HlOamviresponding

1400 iis posjitioned_ so . that a nterlin f the .
to therpipugl exisiof dreatce Jhgs}nmfwei oEthaeve W@@ﬁ%ﬂfﬁg atdlercstped above
3l ¢ ) . | !
ond e PaP U ondistie rnigne, WS Enple iy PEfle oular fatue
or dl&LkBhiqus employigg eatiaithiaputt WithelidepressiandB15rshéuld lbe of sufficient

ok 0 e S Al 0. S5 A o o
deptteeﬁﬁon 13961 Helalselhe d%%r{&%}l/(ﬁ? g3elt5hf§ 1bERLERH 2 8GR0 RPESrespond to

e sanme or substant sane center.
the Pisableasdblof the hationt's gyarible téreral mpisarft the 40thole epadurgobthe mask
o that the cepterline he, i npl ant ., Is§,0n the
1308 ol Kt sobgnkarr calbineo path the Vismabut ek ieisty e Thipell Frovide the
' ' Nn,dash j [ he '
B R e sl SR Rk PO 2T e Bowma's
membmbhadd20fs plheed overahe nidsk 306.0&vef GidekS5 ok whowe in Figure Sic, the
.lechnigue, the corneal flap 1408 is ¢l osed by,
epithelfum g TEHQ WGl R IOVET LG Ieiossl B phibedipvmin's pygmbrane 1320.
. : .
A et Rl Pl HEDLRRI LD (RO RERH s ol idbst b ot
T etf0R2OIng i encthen embodilent, 121 66isk @f tshfficient nbiands¢Pile., less than
over .the inplant 1400,  which _prevjous]y.was place n
subgtahallysa( angrens, e be plassd dnfrrepaik s o aﬁ%géig Tn' another
i Nt rac S L $h s
emﬂggr%:ﬁg%tg\g %ﬁﬁ%lﬁtﬁ ﬂiﬁ’] %ﬁ? %ﬁ%%,a{a éﬁ%&g fosk $hh sHolP 38! microns may be
placed beneath Bowman's membrane 1320 without creating a depression in the top layer

of the stroma.
[0230] In an alternate method for surgically implanting a mask in the eye of a
patient, the mask may be threaded into a channel created in the top layer of the stroma. In
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pl aced on the stromal surface. At |east a portion of
the inplant 1400 is covered. In sonme techni ques, the
wo 2oophsat7 1400 i s covered by returning a flap MT/HS1006013944
i mpl ant 1400 thereon to the cornea 1404 to cover the
thisShéREa. {PGfmnt E.H%@S L Ghm
Ssur f aceel k|§i§{[exposec} I 1| %rt@iﬁ%é an eﬁwﬁthea{"i’ﬂ%%ﬁeﬁgma’ the
chagng) bsngsh mariene paraliel o6 Hersutfechof the eomehe Thé Eiondl is formed in a
urface is exposed by renpving an epithelial layer to
posilipg forregpandfig to ﬁ‘es"iﬁ’é{ I @%@? ehvspelingnigp! eithep pierces
the ShrRi@PbOGE eB| fHelHedlatl BYR": il 835t ial radi
e QOO e8] WS B S kel vl SR swperticit i
incifi0R4 Th Ali¢ alterhdttvef hdmsel 40Bising a0l abfetive h@aRQYSY crdbte tRASKannel in
the & ortig of the iqg%ant 1400, the inplant 1400 may '
1e 198 1oy 94 the Sioaep- 1y thig sebedinesnt, themagkmaybiaisingle spament with a

j [ ' to the Lnplant.. .
b b SORHEmolt BSRHGE, 1) PR Sl WESBbdimen s
positiehat entie ¢rinné! drld. thdieby MéRtsIUgcethaBiheD@nARIPLIS Ef R pinhole
nterior_surface of the cornea 1404 proxi nate an

t he
apm@agéga?e ke therpragktis subgantially collinere withythe etient's abemb axis to

L de. [.eGt.] of. the t eri phery of
pro AL B4y B SR 00 el I B8
20Q62311] 33 7HPARbiREP 2008 R3O farsatSSdlly GMpRintih 8 nPidk §X the eve
periphery of the inplant 1400). This may causé the
of 4 paliems the, mash emay i Rghinisctedranior tentophlayed gf the stepmat eln this

et SRR PR FRA R, Bofl it £t Perdples Hhoghafe S comea to the

specifigdl depth. 1402 ¢xaynphe the pRStdnORRl mdy bdhSiFPONGEedics capabl
the reference ppfﬁf_l4?§ was marked on the flap T408" e of

prodygingfa mpgk with a singleinjrstion. Indloaligarativer kdihnoel théyefirst be created

-t R r.ably, . pushing is. acc l.i shed. b .

i 53 Wb 6P e Bl ot b SR Vil B of the paticnt.

Themah éhjector bl 8} infedfalié Behsk ol thE AandeD 24811k GbBdRent, the
shows that a patient may also be treated by a method

mask my hsod pignems, it imgy bepicesod nigmented nmderial S@spended in a bio-

[ Da- . C t 1508, i,tahl e tpol .
o, 5B b0 n Bl S L b 0 e

alterpatbiepinad®d0Ba shivke Sxemal. ein yltvasle tHeln sk infcted into the channel is
m crokeratone), a |aser, or an efectrosurglcal t ool

therepy pogitigacd, se that thecpeasmebaxis of Sienrishqle ereture fortied by the pigment
f int_2512.is j.dentified

matcfR ARty Gl B R R B M ol b e 0 0"

| dp2BRf | ednlghotiey Bethb@Bbe sirgichly o ﬁlan% R Baski BOBR eye of a

. discussed herein. The reference point 2 is marked
patiept; theynaskimapbe placsdnbepeeth thashrmesl fhp secattidsduringekeratectomy,
r.el r | pocket. 1508 is cre t o .expose
wherl e S b R OPRE, < BRGS0 Sp” B RO ot tmetoas
discussyd Bisove] @ain@sk PlacedYberbith abt @ofRR! Map f QEat&K ﬁﬁﬁﬁf kéfatectomy

a depth within a range of from about %Q mcrons 1o
shoulgh be subdantinllyr digped reith the paliends ivisuak axisaee distussh above, for
r 1504. The inplant 1500 is positioned on the
gﬂm%%ﬁ@%gbneal surface 1516. The marked reference point
150233 heh pibthet indBSd ForOfirBialty SnpliidN s ntaR0in0Re eye of a
. the intracomeal surface 1516. The narked reference
paticfetha mpsk maynby pbgnedhwith e astients00susb akis andsilédedrimch pocket
| ¢t to the visual axis of the eye, as
mﬁm%ﬁ%@%é?%%g%%%vgpaln the illustrated enbodi nent, the
| rpR3qYt  17Q0nEsdRAN sdiRBRheSRidnRht ApRERhRt atd @sdbseaf;
the inplant 1500 extends tﬁfoﬁ%ﬁ oraédjacent toséﬁ% m U.S.
Applicatioue §erialfe.chi¥ 85407 24 thilab My 26, 2004, indodputaled Biygefegence herein
53A il lustrates another technique wherein a reference
1512' is aring or other two dinensional mark. In
such case, the inplant 15082ray be placed so that an
outer edge of the inplant and the ring correspond,
e.g., such that the ring and the inplant 1500 share
Ehe'sanplor sybstantial[y_?he_sape center.

e




is applied to the inplant 1500 to nove the inplant
into alignnment with the reference point 1512. The

WO phoe8$3372 may be applied to the anterior surf BEE®USR006/013944
the cornea 1504 proxi mate an edge of the inplant 1500

in il Bt iR By SRR PRl dBp Rl i fson o
alighfdni 85 bBRr %@’ogbﬁsfé @8cibed BEUDSIt SppIRGfibPITRAY Nb. §hR57,505,

i mpl ant 150 This may cause the inplant 1500 to

filedrOetobet 24 R00Y, vekigh is hesehytineorpergteddry refisranise perainsindis eptirety.
applie I g c o Fechni i '
T ect 1y dERERIGE METASS o BREACHAG ppRERLNT"

5.
C T ITHIl LILI LT IJUU.

met[ogss] andstd@shnRiaMSHOVEEEC vilRd takaNGIes Y batgicalarly suited for
nunber of ways to carry out the invention. O course,
treating iaspatienb &yuampdyisg goesks Hach et thawec diselgped horgin to an eye. For

eSS AR R PSP Ih TP Bt rscon
is pROAGNduriiis pré kv R Rplyidd @ 9 sk K ol M@dition, kb@e asdhniques for

wi Il recognize that the devices may be made that X
treating) h pakiens invebye postidoring am tvplartaish the aig efip mprked reference point.

advant gges . t ht_.her ei it hout necessari |
Theﬁ%ﬁ\’/ﬁeg\?agﬁr%dﬁﬁs@fa?%%ye%ﬂlﬁlﬁ’ adv:\nt agesSZs Imalz be
taygiielor HHOHETh&Rod) S Bhifent [P BOALK By NKEAD AR imph@t 1400 in a

skilled artisan will ‘recogni ze the interchangeabil |(§4y
cormgh 1484. Aumrheshtlap d408 isdlified thfeapessta sudboelinthacemnea 1404 (e.g., an

.. Simlarly, the varjguys features. and steps dis ed
intrspsgisal sl KoY SoBEHE oAb (FEBF PV of of BB Corncal flap
1408 U &ﬁ@s@%e s@ffact! 6 theaBorki6a M4vad and BRdnghied ab¥l@Be(e.g., a
of ordinary skill in this art to perform methods in
micenkesitaine) e laset br pr electiquuegical ¢éad chlddetnsed tonform a corneal flap. A

refef e Bt L2 O isdomiy i RENaTRs O Slersisgpagt 1442 thereafier
is m¥kdd RN IGRODs Bikchdiod Gmtiter bR, | Thd hﬁﬁ’lﬁ/ﬂ 14003% positioned

the i nvention exfends beyond t he specifica
on tiie swragspdalksivide.min bne embodient, 4he 8ap 4408 & then closed to cover at

. enbodi ment.s .and/ ar. es and obvi ous nodifications and
lmEﬁBP‘S?‘SP@E%WWg?@&ﬂHS'AQCMdi ngly, the invention is
notrpagtfendefle LErfR& bf et RenddVihhR P6Sd ik G stromal surface in one
di scl osures of preferred enbodi nents herein, but
technipiee dthe stromef srréace snaydedmathawomealaapeldi 08ar ongn exppsat surface

IS MED | S, 1. ar neal sk conpri si ng:
ﬁo’%“ﬁ‘&%@‘ﬁﬁ?f‘?‘ﬁé%ﬂ %PsfﬂWﬁﬁ?tti ngnBorti o%, a |ight
bl qp%39]9 POhE eferdcs RRER M AROMhy RS dbdtB¥d in any suitable manner.

transmtting portion,  an anterior surface, and a o
For ppartplej the abipnhentadevices and methode defonibedh abdysdyay be used to identify

the %%?%r I Sr;?ogntﬁ]a : ielrgio%le < ru:q,s id%%ﬁiﬁmhglljt’ghlr%?rfellgeolgéirqta]tlﬁg involves
iltefafaRRP a_fﬂgﬁﬁﬁaﬂd@ e.80RdBot ¥ i f&hﬂ:!ﬂlbg il 810 8i8@tRPortion of radiant
polyneri C material equals or exceeds the nunber of
enexggrebomsjopdingge rvitibledigbs .1 hed lighfhlAs disanssddraboed the identifying
of PIHAIORGe pornd may Torther thetudd placing tiquid (625 % Alofickin & or other

dye) on the iniracomeal surface. Preferably, identifying the reference point 1412 involves

alignment using any of the techniques described herein.
[0239] As discussed above, various techniques may be used to mark an
identified reference point. In one technique the reference point is marked by applying a

dye to the comea or otherwise spreading a material with known reflective properties onfo
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at |l east the light blocking portion of the body
conprises an pacification agent. 2. The mask of

WO @loaitm31] wherein the anterior surface is conPCHEIS2W6/013944
to reside adjacent a first intraconeal |ayer of a

the ?c%@régaéﬁsggﬁg%sgﬁq Gc’\}ee Eﬂeot(ﬁyelsﬁlgr 5% i’lﬁs {ga glgf fn?&aﬁt.tg v&gth radiant

secon acor nea

enefgieto mekeatd tHel dbibility OF a2matiigs irget idp@ @ SHsudbesie. NThe reference

Substantially alter the curvature of a cornea )
poifitomap ke maarkesh by @adsieowitly fany yeitehie koalo Thedephisconfigured so that it

. 4. The mask.of Claiml, 2 th ..
bite @ BERTADRY S PoONETRG Yot e PR G Bl Bl thin ink
linePREd tHeMborneal layer inlove: SBBEdiMlenBNYhOMR] elayttiemidearel Robite into

clains, wherein the pacification agent Is present in_
the spithdlivimenin opeamplicption the tapd it canfiguedsio delivertbe die puifiscussed

ortion of light incident on the terior surfac .
abops SRPREFHG HSINAIFTEL AEHIT e FIC At FEPEstip S adyntageous in
thail #QoRORGEfolA s B 3Pression in Che dRE RBRIGHRE t@MMiqRBhE freference

the preceding clains, wherein the pacification agent

poiitsmae be tnaskidf homaking agrioymessinnsiess . nphysicabdepaession) on a surface
of tg\¥ Scr%gr}ﬁ%;%%ﬂio% MGE%&W&P g%?vgai?:.)g ogyﬁg(%}éﬁ a&ﬂ glix(pnﬁérgtaecriim%que, the
refegéarrﬁ%?ﬁihﬁgnz%} B AlukeNRF BluthihAeheOP Bk drCehdrAduAg I tradifnt energy,
e.g., a marking target illuminator and projecting that light onto the cornea (e.g., by
projecting a marking target).

[0240] Any of the foregoing techniques for marking a reference point ma{y be
combined with techniques that make a mark that indicates the location of an axis of the
eye, e.g., the visual axis or line-of-sight of the eye. In one technique, a mark indicates the
approximate intersection of the visual axis and a surface of the comea. In another
technique, a mark is made approximately radially symmetrically disposed about the
intersection of the visual axis and a surface of the cornea.

[0241]  As discussed above, some techniques involve making a mark on an
intracorneal surface. The mark may be made by any suitable technique. In one technique
a mark is made by pressing an implement against the instracorneal surface. The
implement may form a depression that has a size and shape that facilitate placement of a
mask. For example, in one form the implement is configured to form a circular ring (e.g.,
a thin line of dye, or a physical depression, or both) with a diameter that is slightly larger
than the outer diameter of a mask to be implanted. The circvlar ring can be formed to
have a diameter between about 4 mm and about 5 mm. The intracorneal surface is on the
corneal flap 1408 in one technique. In another technique, the intracomeal surface is on an
exposed surface of the cornea from which the flap was removed. This exposed surface is
sometimes referred to as a tissue bed.

[0242] In another technique, the comeal flap 1408 is lifted and thereafter is
laid on an adjacent surface 1416 of the cornea 1404. In another technique, the comeal
flap 1408 is laid on a removable support 1420, such as a sponge. In one techniqﬁe, the
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wherein the material conprises about 65-85% hi ghly
WOf2DasoiB3vdt ed pol ynmeric material . 9. TRETARING6/013944
of any one of the preceding clains, wherein the
| LS PaGhhihs Chb@Li-aRk ol WR! dafiive o
rrRAEId Apof B8 Sy Bchots A BB IR v cavtre

of therpmeaiiBap 1408. 10. The mask of Claim9, wherein
the total weight_ of the one or npre pol yani agni

C - *
comfBdilis i18gBsot Showhihahdhymarked rbaEIce R {A12 is helpful in
posg‘ﬁ%]ﬂ:% an . implant 0]1[1 };Rleacgﬁﬁgl Qlfrfa%.a'ﬂ 'C\MB?! ﬁ‘lenmmgd reference
otal®weig of e one Or nore polyanionic’ conpounds
poiht 1410¢tables thdrimplentab betposiaboed with Yedpycive itlgdhtisual axis of the eye.
The mask of Claim9, 10, or 11, wherein the one

12. k
In $e iHpstetgbeybediment teorpRlartd0dsprsisiengd s thehp periadine of the
i ] I : T :

im QiR ARATE MG, SRS drpmgh e ghbaf IR bl I E T

conpoz4afs iFighiddd, MuskrAasinotite tehiipy Mhefdh 8 ¢éfefnce 1412° is a
. fromthe group consisting of dermatan_sulfate,
ring g Aheptwe Aisensicnebmager It wishsusasattbe imploat k{0 may be placed so

| § he LR r syl f hyal urQni,c.ackd,.
a3 EE b PP b e ity Sl HF 08 ring and the
imlaR 100 €hard thd Shd b subSRARIIARE Sdrhdcentdr! fP@éf@ﬁbl?_rnthe ring and the
poly L-lysine salts, and al ginate. 14. The

implai1 460 atq aligmed so ifot therconterlngdites mmlae Mags on thedins of sight of

|.yani.oni c . oungls _conpri ses. dextr syl fate.. .
the B B S PPV 8 rE T AV i b e i e itusrated
techdifid) @fis QR0 tAE aReMBURERBEaT the dofestUlpt1a08] oaded
into the polynmeric material and/or bound to at | east

onel03#5} he Imnansr teghnigue,f the ecoamaal tflap pHBY & tlosed by retumning the

surface. 16. The mask of [ 5, wherein.th
corgh 15 405 i it B B ftimeed 190f 2b AP AR d40s. Tn
anofied {rha e the b&ﬂle;ﬂfﬂz{y’MOB iPEbSS byrvehurmas MlehhdaPflap 1408 to the

antimtotics, antinetabolics, anti-inflammtories,
corpepndHYseisr dbes inplant HHW, akichs preyimusly was placedion th¥Hissue bed (the

mask. of C aim 15, . wherein the wound heal i ng nodul at or
expg%eﬁ% ﬁﬁ?’f’r?%alﬁ'érlh_’ed@?'ed fromthe group consisting of

f 1 upaer aciwhedHeAmtsdoindel sidekiis #%@bmal RWRES R Smplant 1400 is

napr oxen, fl urbiprofen, carprofen, suprofen,

prlagediaspthe seemabswfacy.c A dg9ok ¢ pertion of the impdant THEO iseokered. In some

el Ranlsd LRGSR LB e ¥ Bof ity PEjeiFla 1480 thcreon

to the cornea 1404 to cover the stromal surface. In one technique, the stromal surface is

exposed by lifting an epithelial layer to expose stroma. In another technique, the stromal
surface is exposed by removing an epithelial layer to expose stroma. In some techniques,
an additional step of replacing the epithelial layer to at least partially cover the implant
1400 is performed.

[0247}  After the flap 1408 is closed to cover at least a portion of the implant
1400, the implant 1400 may be repositioned to some extent in some applications. In one
technique, pressure is applied to the implant 1400 to move the implant into alignment
with the reference point 1412. The pressure may be applied to the anterior surface of the
cornea 1404 proximate an edge of the implant 1400 (e.g., directly above, above and

outside a projection of the outer periphery of the implant 1400, or above and inside a
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surface of the cornea 1504. The implant 1500 is positioned on the intracorneal surface

1516. The marked reference point 1512 is helpful in positioning the implant 1500 on the
intracorneal surface 1516. The marked reference point 1512 enables the implant 1500 to
be positioned with respect to the visual axis of the eye, as discussed above. In the
illustrated embodiment, the iinplant 1500 is positioned so that a centerline Mcp of the
mmplant 1500 extends through or adjacent to the marked reference point 1512.

[0249] Figure 53A illustrates another technique wherein 2 reference 15127 is a
ring or other two dimensional mark. Fn such case, the implant 1500 may be placed so that
an outer edge of the implant and the ring correspond, e.g., such that the ring and the
implant 1500 share the same or substantially the same center. Preferably, the ring and the
mmplant 1500 are aligned so that the centerline of the implant My is on the line of sight of
the eye, as discussed above. The ring is shown in solid lines because in the illustrated
embodiment, it is formed on the anterior surface of the cornea 1504 above the pocket
1508.

[0250] After the implant 1500 is positioned in the pocket 1508, the implant

1500 may be repositioned to some extent in some applications. In one technique, pressure
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that the devices may be made that achieve or optimize one advantage or group of
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advantages as taught herein without necessarily achieving other objectives or advantages
as may be tanght or suggested herein.

[0252] Furthermore, the skilled artisan will recognize the interchangeability of
various features from different embodiments. Similarly, the various features and steps
discussed above, as well as other known equivalents for each such feature or step, can be
mixed and matched by one of ordinary skill in this art to perform methods in accordance
with principles described herein.

[0253]  Although the invention has been disclosed in the context of certain
embodiments and examples, it will be understood by those skilled in the art that the
invention extends beyond the specifically disclosed embodiments to other aliernative
embodiments and/or uses and obvious modifications and equivalents thereof.
Accordingly, the invention is not intended to be limited by the specific disclosures of

preferred embodiments herein, but instead by reference to claims attached hereto.
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WHATIS CLAIMEDIS :
. A corneal mask comprising:
a body having a light transmitting portion, a light blocking portion disposed

about the light transmitting portion, an anterior surface, and a posterior surface,

wherein the body compriseé a material comprising a highly fluorinated
polymeric material, wherein the number of carbon-fluorine bonds in the highiy
fluorinated polymeric material equals or exceeds the number of carbon-hydrogen bonds
and the highly fluorinated polymer comprises polyvinylidene fluoride (PVDF); and

at least the light blocking portion of the body comprises an opacification
agent.

2. The mask of Claim 1, wherein the anterior surface is configured to reside

adjacent a first intracorneal layer of a cornea, and the posterior surface is configured to

residue adjacent a second intracorneal layer.
3. The mask of Claim 1 or 2, wherein the mask does not substantially alter the

curvature of a cornea following application of the mask to a cornea.

4. The mask of Claim 1, 2 or 3, further comprising an outer periphery

surrounding the light blocking portion.
3. The mask of any one of the preceding claims, whetein the opacification

agent is present in sufficient quantity to prevent at least a substantial portion of light

incident on the anterior surface from being transmitted from the anterior surface to the

posterior surface.
6. The mask of any one of the preceding claims, wherein the opacification

agent is selected from the group consisting of organic dyes, organic pigments, inorganic

dyes, and inorganic pigments.
7. The mask of any one of the preceding claims, wherein the opacification

agent 1s carbon.
8. The mask of any one of the preceding claims, wherein the material

comprises about 65-85% highly fluorinated polymeric material.
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9. - The mask of é,ny one of the preceding claims, wherein the material
comprising a highly fluorinated polymeric material has loaded therein one or more
polyanionic compounds.

10. The mask of Claim 9, wherein the total weight of the one or more polyanionic
bompounds is about 5% by weight to about 20% by weight.

1. The mask of Claim 9, wherein the total weight of the one or more polyanionic
compounds is about 12% by weight to about 17% by weight. ‘

12. The mask of Claim 9, 10, or 11, wherein the one or more polyanionic
compounds comprise proteoglycans or glycosaminoglycans. '

13. The mask of Claim 9, 10, 11 or 12, wherein the one or more polyanionic
compounds includes at least one compound selected from the group consisting of dermatan
sulfate, chondroitin sulfate, keratan sulfate, heparan sulfate, heparin, dextran sulfate,
hyaluronic acid, pentosan polysulfate, xanthan, carrageenan, fibronectin, laminin,
chondronectin, vitronectin, poly L-lysine salts, and alginate.

14. The mask of Claim 9, 10, or 11, wherein the one or more polyanionic
compounds comprises dextran sulfate.

15. The mask of any one of the preceding claims, further comprising a wound

_healing modulator loaded into the polymeric material and/or bound to at least one of the
anterior surface and the posterior surface. '

16. The mask of Claim 15, wherein the wound healing modulator compound is
selected from the group consisting of antibiotics, antineoplastics, antimitotics, antimetabolics,
anti-inﬂammétories, immunosupressants, and antifungals.

17. The mask of Claim 15, wherein the wound healing modulator compound is
selected from the group consisting of fluorouracil, mitorycin C, paclitaxel, ibuprofen,
naproxen, flurbiprofen, carprofen, suprofen, ketoprofen, and cyclosporins.

18. The mask of any one of the preceding claims, wherein the material further
comprises a second polymeric material.

19. The mask of Claim 18, wherein the second polymeric material includes a UV
absorbing component.

20. The mask of any one of the preceding claims, wherein the light transmitting
portion comprises an aperture that is sized to transmit a fraction of the light incident on the
anterior surface.

21. The mask of Claim 20, wherein the aperture is substantially circular.
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22, The mask of Claim 20 or 21, wherein the aperture has a diameter of about 2.2
mm or less.

23. The mask of Claim 22, wherein the aperture has a diameter of about 1.8 mm
or less. _

24, The mask of any one of the preceding claims, wherein the body is annular
and has a substantially constant thickness between the anterior and posterior surfaces.

25. The mask of any one of Claims 24, wherein the light blocking portion has a
thickness between the anterior and posterior surfaces of about 20 microns or less.

26. The mask of any one of Claims 24, wherein the light blocking portion body
has a thickness Between the anterior and posterior surfaces of about 8 microns.

27. The mask of any one of the preceding claims, wherein the body is adapted to
substantially maintain nutrient transport between the first and second intra-corneal layers.

28. The mask of Claim 27, wherein the body comprises a plurality of holes
extending at least partially between the anterior surface and the posteﬁor surface.

29. The mask of Claim 28, wherein the plurality of holes are configured to
substantially eliminate diffraction patterns visible to the patient.

30. The mask of Claim 28, wherein a non-uniform spacing is provided between a
substantial number of the plurality of holes. |

31. The mask of Claim 28, further comprising an inner peripheral region and a
hole region, the inner peripheral region being located between the hole region and the light
transmitting portion, wherein substantially all of the plurality of holes are located in the hole
region.

32. The mask of Claim 28, wherein a wall thickness is defined as the shortest
distance between adjacent holes, the wall thickness being no less than about 20 microns.

33. The mask of Claim 28, wherein at least one of the holes extends along a
transport axis and is configured to substantially prevent propagation bf light from the anterior
surface to the posterior surface through the at least one hole.

34, The mask of Claim 33, wherein the transport axis_of at least one hole is
formed at an angle relative to an optic axis of the mask, the angle being large enough to
prevent the projection of most of an anterior end of the hole from overlapping a posterior end

of the hole.
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