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(57) Abstract: Provided herein are small diameter inlays for correcting vision impairments by altering the shape of the anterior
& corneal surface. In an embodiment, inlays having diameters smaller than the pupil are provided for correcting presbyopia. To pro-
& vide near vision, an inlay is implanted centrally in the cornea to induce an "effective” zone on the anterior corneal surface, within
&N which diopter power is increased. Distance vision is provided by a region of the cornea peripheral to the "effect” zone. In another
embodiment, small diameter inlays are provided that induce effective optical zones on the anterior corneal surface that are much
larger in diameter than the inlays. The increase in the effective optical zone, due at least in part to a draping effect, allows an inlay
to produce a much larger clinical effect on a patient’s vision than the diameter of the inlay.
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SMALL DIAMETER INLAYS

FIELD OF THE INVENTION

The field of the invention relates generally to corneal implants, and more particularly, to

intracorneal 1nlays.

BACKGROUND INFORMATION

As 1s well known, abnormalities in the human eye can lead to vision impairment. Some
typical abnormalities include variations in the shape of the eye, which can lead to myopia
(near-sightedness), hyperopia (far-sightedness) and astigmatism as well as variations in the
tissue present throughout the eye, such as a reduction n the elasticity of the lens, which can

lead to presbyopia. A variety of technologies have been developed to try and address these

abnormalities, including corneal implants.

Corneal implants can correct vision impairment by altering the shape of the cornea.
Corneal implants can be classified as an onlay or an inlay. An onlay i1s an implant that is placed
over the cornea such that the outer layer of the cornea, e.g., the epithelium, can grow over and
encompass the implant. An inlay 1s an implant that is surgically implanted into the cornea
beneath a portion of the corneal tissue by, for example, cutting a flap in the cornea and
inserting the inlay beneath the flap. Both inlays and outlays can alter the refractive power of
the cornea by changing the shape of the anterior cornea, by having a different index of
refraction than the cornea, or both. Since the cornea 1s the strongest refracting optical element
in the human ocular system, altering the cornea's anterior surface is a particularly useful method

for correcting vision impairments caused by refractive errors. Inlays are also useful for

correcting other visual impairments including presbyopia.

SUMMARY

Provided herein are small diameter inlays for correcting vision impairments by altering

the shape of the anterior corneal surface.

In one embodiment, inlays having diameters smaller than the diameter of the pupil are
provided for correcting presbyopia. To provide near viston, an inlay is implanted centrally in
the cornea to induce an "effect" zone on the anterior corneal surface that 1s smaller than the
optical zone of the cornea, wherein the "effect” zone is the area of the anterior corneal surface
affected by the inlay. The implanted 1nlay increases the curvature of the anterior corneal
surface within the "effect" zone, thereby increasing the diopter power of the cornea within the

"effect” zone. Because the inlay is smaller than the diameter of the pupil, light rays from
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distance objects by-pass the inlay and refract using the region of the cornea peripheral to the
"effect” zone to create an image of the distant objects on the retina.

The small diameter inlays may be used alone or in conjunction with other refractive
procedures. In an embodiment, a small diameter inlay is used in conjunction with LASIK for
correcting myopia or hyperopia. In this embodiment, a LASIK procedure is used to correct for
distance refractive error and the small diameter inlay is used to provide near vision for presbyopic
subjects.

In another embodiment, small diameter inlays are provided that induce effective optical
zones on the anterior corneal surface that are much larger in diameter than the inlays. The increase
in the eftective optical zone allows an inlay to produce a much larger clinical effect on a patient's
viston than the diameter of the inlay.

In one embodiment, the effective optical zone induced by the inlay is increased by
increasing the draping effect of the inlay. The draping effect extends the area of the antertor
corneal surface affected by the inlay, and thereby the etfective optical zone induced by the inlay.
In an embodiment, the draping effect is increased by increasing the finite edge thickness of the
inlay for a given inlay diameter and center thickness.

In another embodiment, inlays having effective optical zones much larger than the inlay
diameter are used to correct hyperopia. In this embodiment, the draping effect extends the area of
the anterior corneal surface where the curvature 1s increased, thereby extending the effective
optical zone of the inlay and providing increased diopter power over a wider diameter than the
inlay diameter. This increase in the effective optical zone allows for the correction of hyperopia
using smaller diameter inlays.

Various embodiments of the claimed invention relate to a corneal inlay for implantation in

a cornea for treating presbyopia, comprising: an inlay with a meniscus-shaped body having a

diameter between about 1 mm and about 3 mm and a spherical anterior surface, wherein the body

has an index of refraction that is substantially the same as that of a cornea.

Various embodiments of the claimed invention relate to a corneal inlay for treating
presbyopia, comprising: an inlay with a meniscus-shaped body having a diameter between about

I mm and about 3 mm and a spherical anterior surface, wherein the body has an index of

refraction that is about 1.36 to about 1.39.
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Other systems, methods, features and advantages will be or will become apparent to
one with skill 1n the art upon examination of the following figures and detailed description. It
1s intended that all such additional systems, methods, features and advantages be included

within this description. It is also intended that the claimed invention not be limited to the

details of the example embodiments.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 1s a cross-sectional view of a cornea showing an intracorneal inlay implanted

in the cornea according to an embodiment of the invention.
Figure 2 1s a diagram of an eye 1illustrating the use of a small diameter inlay to provide

near vision according to an embodiment of the invention.
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Figure 3 1s a cross-sectional view of a cornea showing an inlay implanted in the cornea
and a change in the anterior corneal surface induced by the inlay including a drape region

according to an embodiment of the invention.
Figure 4 1llustrates various possible shapes for the drape region.

Figure 5 1s a cross-sectional view of a cornea showing a thickness profile for providing

a desired refractive correction according to an embodiment of the invention.

Figure 6 1s a 3D topographic difference map showing the change in the anterior corneal

surtace induced by an inlay according to an embodiment of the invention.

Figure 7 shows an average radial elevation profile induced by an inlay according to an

embodiment of the invention.

Figure 8 shows a contour map of the refractive change induced by an inlay according to

an embodiment of the invention.

DETAILED DESCRIPTION

Figure 1 shows an example of an intracorneal inlay 10 implanted in a cornea 5. The
inlay 10 may have a meniscus shape with an anterior surface 15 and a posterior surface 20. The
inlay 10 1s preferably implanted in the cornea at a depth of 50% or less of the cornea
(approximately 250 pum or less), and is placed on the stromal bed 30 of the cornea created by a
micro keratome. The inlay 10 may be implanted in the cornea 5 by cutting a flap 25 into the
cornea, hifting the flap 25 to expose the cornea's interior, placing the inlay 10 on the exposed
area of the cornea's interior, and repositioning the flap 25 over the inlay 10. The flap 25 may be
cut using a laser, e.g., a femtosecond laser, a mechanical keratome or manually by an
ophthalmic surgeon. When the flap 25 1s cut into the cornea, a small section of corneal tissue
i1s left mntact to create a hinge for the flap 25 so that the flap 25 can be repositioned accurately
over the inlay 20. After the flap 25 is repositioned over the inlay, the cornea heals around the
flap 25 and seals the flap 25 back to the un-cut peripheral portion of the anterior corneal
surface. Alternatively, a pocket or well having side walls or barrier structures may be cut into

the cornea, and the nlay inserted between the side walls or barrier structures through a small
opening or "port" in the cornea.
The inlay 10 changes the refractive power of the cornea by altering the shape of the

anterior corneal surface. In Figure 1, the pre-operative anterior corneal surface is represented

by dashed line 35 and the post-operative anterior corneal surface induced by the underlying

inlay 10 1s represented by solid line 40.
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The inlay may have properties similar to those of the cornea (e.g., index of refraction
around 1.376, water content of 78%, etc.), and may be made of hydrogel or other clear bio-
compatible material. To increase the optical power of the inlay, the inlay may be made of a
material with a higher index of refraction than the cornea, e.g., > 1.376. Materials that can be
used for the inlay mclude, but are not limited to, Lidofilcon A, Poly-HEMA, poly sulfone,

silicone hydrogel, and the like. The index of refraction may be in the range of 1.33 to 1.55.

Presbyopic Inlays

This section discusses the use of small intracorneal inlays having diameters that are
small i comparison with the pupil for correcting presbyopia. In the preferred embodiment, a
small inlay (e.g., | to 2 mm in diameter) is implanted centrally in the cornea to induce an
"etfect” zone on the anterior corneal surface that is smaller than the optical zone of the cornea
for providing near vision. Here, "effect" zone is the area of the anterior corneal surface affected
by the inlay. The implanted inlay increases the curvature of the anterior corneal surface within
the "effect” zone, thereby increasing the diopter power of the cornea within the "effect” zone.

Distance vision 1s provided by the region of the cornea peripheral to the "effect" zone.

Presbyopia 1s characterized by a decrease in the ability of the eye to increase its power
to focus on nearby objects due to a loss of elasticity in the crystalline lens with age. Typically,

a person suftering from Presbyopia requires reading glasses to provide near vision.

Figure 2 shows an example of how a small inlay can provide near vision to a subject's
eye while retaining some distance vision according to an embodiment of the invention. The
eye 105 comprises the cornea 110, the pupil 115, the crystalline lens 120 and the retina 125. In
this example, the small inlay (not shown) is implanted centrally in the cornea to create a small
diameter "effect” zone 130. The small inlay has a smaller diameter than the pupil 115 so that
the resulting "effect" zone 130 has a smaller diameter than the optical zone of the cornea. The
"effect” zone 130 provides near vision by increasing the curvature of the anterior corneal

surtace, and therefore the diopter power within the "effect" zone 130. The region 135 of the

cornea peripheral to the "effect" zone provides distance vision.

To increase the diopter power within the "effect” zone 130, the small inlay has a higher
curvature than the pre-implant anterior corneal surface to increase the curvature of the anterior
corneal surface within the "effect” zone 130. The inlay may further increase the diopter power
within the "effect” zone 130 by having an index of refraction that is higher than the index of
retraction of the cornea (neomea = 1.376). Thus, the increase in the diopter power within the

“etfect” zone 130 may be due to the change in the anterior corneal surface induced by the inlay

4
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or a combination of the change in the anterior cornea surface and the index of refraction of the
inlay. For early presbyopes (e.g., about 45 to 55 years of age), at least 1 diopter is typically
required for near vision. For complete presbyopes (e.g., about 60 years of age or older),

between 2 and 3 diopters of additional power is required.

An advantage of the small intracorneal inlay 1s that when concentrating on nearby
objects 140, the pupil naturally becomes smaller (e.g., near point miosis) making the inlay
eftect even more effective. Further increases in the inlay effect can be achieved by simply

increasing the 1llumination of a nearby object (e.g., turning up a reading light).

Because the inlay i1s smaller than the diameter of the pupil 115, light rays 150 from
distant objects 145 by-pass the inlay and refract using the region of the cornea peripheral to the
"effect” zone to create an image of the distant objects on the retina 125, as shown in Figure 2.
This 1s particularly true with larger pupils. At night, when distance vision is most important,

the pupil naturally becomes larger, thereby reducing the inlay effect and maximizing distance

VIS1011.

A subject's natural distance vision is in focus only if the subject is emmetropic (i.e.,
does not require glasses for distance vision). Many subjects are ammetropic, requiring either
myopic or hyperopic refractive correction. Especially for myopes, distance vision correction
can be provided by myopic Laser in Situ Keratomileusis (LASIK), Laser Epithelial
Keratomileusis (LASEK), Photorefractive Keratectomy (PRK) or other similar corneal
refractive procedures. After the distance corrective procedure is completed, the small inlay can
be implanted 1n the cornea to provide near vision. Since LASIK requires the creation of a flap,
the inlay may be inserted concurrently with the LASIK procedure. The inlay may also be
inserted into the cornea after the LASIK procedure since the flap can be re-opened. Therefore,

the small inlay may be used in conjunction with other refractive procedures, such as LASIK for
correcting myopia or hyperopia.

A method for designing a small inlay to provide near vision will now be described.
Figure 3 shows a small ilay 210 implanted in the cornea 205 and the change in the shape of
the anterior corneal surface 240 induced by the inlay 210. In Figure 3, the pre-implant anterior
corneal surtace 1s represented by dashed line 235 and the post-implant anterior corneal surface
induced by the inlay 210 is represented by solid line 240. The inlay 210 does not substantially
aftect the shape of the anterior corneal surface in the region of the cornea 210 peripheral to the
"effect” zone so that distance vision is undisturbed in the peripheral 245. In the case where a

distance corrective procedure is performed prior to implantation of the inlay, the pre-implant

5.
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anterior corneal surface 235 1s the anterior corneal surface after the distance corrective

procedure but before implantation of the inlay.

The inlay 210 has a finite edge thickness 250. The edge thickness 250 can not be made
zero due to the finite material properties of the inlay. The finite edge thickness 250 of the inlay
produces a draping effect, as described further below. To minimize the draping effect, the edge
thickness 250 of the inlay 210 can be made as small as possible, e.g., less than about 20
microns. In addition to a finite edge thickness 250, the inlay may have a tapered region (not

shown) that tapers downward from the anterior surface 215 of the inlay to the edge 250 of the

inlay. The tapered region may be 10 — 30 um in length.

In Figure 3, the portion of the anterior corneal surface directly above the inlay is altered
by the physical shape of the inlay 210. Because of the finite edge thickness 250 of the inlay
210, the anterior corneal surface does not immediately return to its pre-implant shape for a
diameter larger than the physical inlay 210. Eventually, the anterior corneal surface returns to
the pre-implant corneal surface 235. Therefore, the draping effect produces a drape region 255

that extends the shape change of the anterior corneal surface induced by the inlay 210.

Figure 4 1llustrates a variety of possible draping shapes 355. Figure 4 shows the radius
(d/2) of an mlay region 362 and the total radius (dz/2) of the shape change due to the draping
effect. The possible draping shapes 355 are shown in dashed lines, and may depend on factors
such as the edge thickness, the local mechanical properties of the flap material, the diameter of
the mnlay (dI), the mechanical properties of the inlay material, and other geometric factors. The
precise shape of the drape can be approximated by invitro or invivo clinical experiments and/or

by complex mechanical modeling using techniques such as finite element analysis.

It 1s useful to define the optical zone diameter (dz) corresponding to the size of the
anterior corneal surface affected by the inlay 210, as shown in Figure 3. For purposes of the
design method, 1t 1s sufficient to assume that the relationship between the optical zone and the

inlay diameter, given the other variables, can be determined by the methods outlined above.

A method for designing a small inlay to provide near vision according to an

embodiment will now be given.

(1) The first step 1s to determine the maximum optical zone (dz) that is an
acceptable tradeoff between the near vision improvement and the loss of distance vision.
Considerations include the pupil size of the specific subject or a group of characteristic subjects
(e.g., subjects within a particular age range) while reading nearby objects and the pupil size for

distance viewing, especially at night. In an exemplary application, the inlay is placed in one

_6-
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eye to provide near vision and distance correction by other means is performed on the fellow
eye. In this example, both eyes contribute to distance vision, with the non-inlay eye providing

the sharpest distance vision. The eye with the inlay provides near vision.

(2) Given the empirically derived or theoretically derived relationship between the
optical zone (dz) and the inlay diameter (dI), approximate the inlay diameter that achieves the
optical zone.

(3) Design the inlay using the method outlined n detail below. This methods is
similar to the design methods described in U.S. Patent Application Serial No. 11/293,644, titled

"Design Of Intracorneal Inlays," filed on December 1, 2005.

(4) Finally, use optical ray-trace methods to assess the image quality of distance and
near images with the inlay using the entire comeal surface (i.e., the comeal surface within the
inlay diameter (dI), between the inlay diameter and the optical zone (dz), and the peripheral to

the optical zone). Make small adjustments to the inlay design to optimize the distance and near

image quality based on the inlay design method outlined below and the predicted drape shape

given by the methods described above.

T'he design method of step three will now be given.

Figures 3 and 4 show two regions affected by the inlay design: a "central region" 260
detined by the inlay diameter (dI), and a "drape region” 255 falling between the inlay diameter
and the optical zone (dz). The design method described below is used to design inlays to
produce desired shapes of the anterior comneal surface in the central region to correct
presbyopia. This design method assumes that the inlay material has the same index of

reiraction as the comea.

A first step 1n the design of an inlay in the central region is determining a thickness
profile that the inlay must induce on the anterior corneal surface to produce a desired anterior

corneal curvature. The desired ADD power needed to provide near focus dictates the desired
antcrnior comneal curvature in the central regron (Figure 4).

A first step in determining the thickness profile of the inlay is to determine an anterior

radius of curvature, 'y, that provides the desired refractive change, ARx = Rxdist — ADD,

where ADD 1s the desired ADD power prescribed for near vision and Rxdist is the distance

refraction prior to inlay implant. Rxdist 1s approximately zero diopters for emmetropic

mdividuals, or i1s equal Lo the achieved or targeted post-operative distance refraction after a
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surgical procedure to correct the distance ammetropia. The equivalent change in the cornea's

refractive power, AKequiv, at the anterior surface is given by:

1 1 .
i = , Equation 1
eyt 1 | . V 1 N V
Rxdist "

where V i1s a spectacle vertex distance, e.g., 0.012 meters, from a spectacle to the cornea's
anterior surface. The spectacle vertex distance, V, takes into account that measurements of the
cornea's refractive power are typically taken with a spectacle located a distance from the

cornea's anterior surface, and translates these power measurements to the equivalent power at

cornea's anterior surface.

The pre-implant refractive power at the anterior corneal surface may be approximated by
Kavg — Kpost, where Kavg 1s the average corneal refractive power within approximately the
optical zone created by the inlay and Kpost is a posterior corneal refractive power. The desired

radius of curvature, r';, of the anterior surface may be given by:

(1.376 1)

yo= Equation 2
(Kavg — Kpost + AK

cquiy )

For purposes of design and analysis, Kpost may be approximated as -6 diopters. The pre-

implant radius of curvature, I'preimplani, Mmay be approximated by:
Lpreimplant = (1.376-1) / (Kavg — Kpost) Equation 3
The two radius of curvatures need not originate from the same origin.

Figure 5 shows a cross-sectional view of a thickness profile 510 specified by a
difference between the desired anterior corneal surface 540 and the pre-implant anterior corneal
surface 535. In Figure 5, arrows 550 pointing from the pre-implant anterior surface 535 to the
desired anterior surface 540 represent the axial thickness, L(r), of the thickness profile 510 at
ditferent positions along an r axis that is substantially perpendicular to an optical z axis. The
double arrow 560 represents a center thickness, L., of the thickness profile. In this
embodiment, the thickness profile 510 1s rotationally symmetric about the z axis. Thus, the

entire thickness profile may be defined by rotating the cross-sectional view shown in Figure 5

about the z axis.

The thickness L(r) of the thickness profile may be given by:

L (} ‘) — L(‘ T Z preimplant (f", rpreimplmrr ) o Z anew (F, ra ) and
Lo=Z ("))~ 2 @ Equation 4
c {UIL’H‘( 2 ) o pre{mp[anf( 2 ) qua 1011
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where L. 1s the center thickness of the thickness profile, Zimpuni(r) 1s the pre-operative anterior
corneal surface as a function of r, Z,,ew (r) 1s the desired anterior corneal surface as a function
of r, and d; 1s the diameter of the inlay. In the example above, the anterior surfaces Z,,.w and
Zoreimpiant Were assumed to be spherical. This need not be the case. The anterior surfaces may
also be aspheric. More generally, the desired anterior surface Z,,.w may be a function of
desired ADD and also more complex design parameters, €.g., an aspheric surface for higher-
order aberration correction. Also, the pre-implant anterior surface Zyeimplant 1S generally

aspheric. For designs requiring aspheric surfaces, the surface function Z(r) may be given by the

general aspheric form:

s
s
2
e

o F 4 6 '
Z(F) = 2 Fa,r o tar Equation 5

1+ \/1-(1+k)( 7y

where; r. 1S the radius of curvature
K 1s a conic constant

ay and a, are higher order aspheric constants

For a spherical surface, k =0, a; = 0, and ag = 0. The human cornea may be approximated by k
=-0.16, a3 = 0 and ac = 0. The radius of curvature, r., may be specified by the ADD power for

correction of presbyopia, and the other parameters may specify corrections for higher-order

aberrations.

The above expressions for the thickness profile are intended to be exemplary only.
Other mathematical expressions or parameters may be used to describe similar or other
thickness profiles. Therefore, the invention 1s not limited to particular mathematical

expressions or parameters for describing the thickness profile.

Aftter the required thickness profile L(r) 1s determined, the inlay 1s dimensioned to have
substantially the same thickness profile. The profiles should have the same thickness to within
about one micron, which would cause a diopter difference of about one eight of a diopter if the
center thickness differs by one micron. An eight of a diopter is half the accuracy with which
ophthalmic refractive errors are manually recorded. Next, the thickness profile of the inlay is
increased by the finite edge thickness (hegee) by the manufacturing process. This finite edge
thickness 1s one factor inducing the drape as illustrated in Figure 4. When implanted in the
cornea, the thickness profile of the inlay 1s substantially transferred to the anterior corneal

surface through the intervening flap, thereby producing the desired post-implant anterior

0.
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corneal surface in the central region. The draping effect causes the change in the anterior corneal
surface thickness to extend beyond the central region. This draping effect can be minimized, e.g.,
by reducing the finite edge thickness of the inlay as much as possible.

The design method above assumed that the index of refractive of the inlay is the same as the
cornea, in which case changes in refractive power of the cornea is due solely to the change in the
anterior corneal surface induced by the inlay. An inlay with intrinsic power (e.g., a higher index of
refraction than the cornea) may also be used, in which changes in the refractive power 1s provided
by a combination of the physical inlay shape and the intrinsic power (i.€., index of refraction) of the
inlay. Design methods for inlays with intrinsic power 1s described 1n U.S. Patent Publication No.

2007/0255401.
Inlays With Increased Effective Optical Zones

For some applications, it is desirable for an inlay to induce an effective optical zone on the
anterior corneal surface that is much larger than the inlay diameter. The increase in the effective
optical zone allows the inlay to produce a much larger clinical effect on the patient's vision than the
actual inlay diameter. In one example, a 1.5 mm - 2 mm range diameter inlay has an increased
effective optical zone of 4 mm - 5 mm, in which the optical etfect of the inlay is 2x to 3x greater
than its diameter. The increased eftective optical zone can also be achieved with inlay diameters
outside the above range. For example, the diameter of the inlay may go down to 1 mm or less for
some designs, while achieving the desired optical effect.

The increase in the effective optical zone (i.e., "effect”" zone) of the inlay can be achieved
by increasing the draping effect of the inlay. Increasing the draping effect extends the drape region,
and therefore the effective optical zone (i.e., the area of the anterior corneal surface attected by the
inlay). The draping effect may be increased, €.g., by increasing the finite edge thickness of the inlay
so that the anterior corneal surface returns to its pre-implant surface at a larger radius.

Small diameter inlays inducing effective optical zones much larger than the inlay diameter
may be used to correct hyperopia. For example, an inlay with a diameter of 2 mm can provide
increased diopter power over an effective optical zone having a diameter of 4 mm. The curvature of
the anterior corneal surface in the drape region 1s greater than the pre-implant anterior corneal
surface. Therefore, the draping effect extends the area of the anterior corneal surface where the
curvature is increased, thereby extending the effective optical zone of the inlay and providing

increased diopter power over a wider diameter than the inlay diameter.

- 10 -
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This increase in the effective optical zone allows for the correction of hyperopia using smaller

diameter 1nlays.

An mlay with increased effective optical zone may also be used to correct various
vision impairments mcluding presbyopia, hyperopia, myopia, and higher order aberrations. In
the case of presbyopia, a sufficient "effect” zone may be achieved with an even smaller

diameter inlay. For example, a 1 mm diameter inlay may be used to produce a 2 mm diameter

"efttect" zone.

Chinical data will now be presented in which the effective optical zone induced by an
inlay 1s larger than the mlay diameter. In general, topographic instruments can be used to
measure the change 1n the anterior surface elevation induced by an inlay, calculate the change
in the antenior surface curvature and deduce the change in the diopter power. Figure 6 shows
an example of a 3D topographic difference map showing the change in the anterior corneal
surface for a subject (subject 1) between a preoperative examination and a one week
postoperative examination. In this example, an intracorneal inlay was implanted in subject 1
having a diameter of 2 mm, a center thickness of approximately 36 microns, and an edge
thickness of approximately 30 microns. The inlay was placed under a corneal flap created
using a laser keratome (by Intralase, Inc.) at a depth of approximately 110 microns. A
Scheimpflug topographer ("Pentacam" by Oculus, Inc.) was used to measure the surfaces.

From Figure 6, it 1s clear that the implanted inlay steepened the anterior corneal surface.

Figure 7 shows the average radial elevation profile calculated from data in Figure 6.
Average radial profiles for two additional subjects (subjects 2 and 3) who received the same
inlay design are also shown. Note that the central anterior surface elevation change was less
than the center thickness of the inlay. This reflects biomechanical interactions between the
inlay material, stromal bed on which it rests and the overlying keratometric flap. However, in
all cases the inlay increased the anterior surface elevation beyond the physical diameter of the
inlay. Figure 7 suggests that the effective optical zone induced by the inlay was approximately
twice the inlay diameter for this particular design. Inlays with different diameters, center

thicknesses and thickness profiles may have different "effect" zone sizes.

Figure 8 shows a contour map of the refractive change induced by the intracorneal
inlay. This 1s calculated from the elevation differences by calculating the saggital curvature

map and converting to diopter power using:

Diopter power = (n. — 1) / saggital curvature

11-
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where 1, 1s the index of refraction of the comea. Again, the effective optical zone of the inlay

was greater than the diameter of the nlay. '

In the foregoing specification, the invention has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the : - scope of the
mvention. As another example, each feature of one embodiment can be mixed and matched

with other teatures shown m other embodiments. As yet another example, the order of steps of

nmethod embodiments may be changed. Features and processes known to those of ordinary skill
may stimilarly be incorporated as desired. Additionally and obviously, features may be added

or subtracted as desired. Accordingly, the invention is not to be restricted except in light of the

attached claims and their equivalents.
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Claims

1. A corneal 1nlay for implantation in a cornea for treating presbyopia, comprising:
an inlay with a meniscus-shaped body having a diameter between about | mm and about 3 mm

and a spherical anterior surface, wherein the body has an index of refraction that is substantially the

same as that of a cornea.

2. The 1nlay of claim 1 wherein the diameter of the inlay body is about 2 mm.
3. The inlay of claim 1 wherein the diameter of the inlay body is about 1.5 mm.
4. The inlay of claim 1 wherein the inlay body has an anterior radius of curvature between about 7

mm and about 12 mm.

5. The inlay of claim 4 wherein the inlay body has an anterior radius of curvature that is about 10
mm.
6. The inlay of claim 1 wherein the inlay body has a posterior radius of curvature between about 5

mm and about 10 mm.

7. The inlay of claim 6 wherein the inlay body has a posterior radius of curvature of about 8.5 mm.

8. The inlay of any one of claims 1 to 7 wherein the inlay body has a central thickness between

about 20 microns and about 50 microns.

9. The inlay of claim 8 wherein the inlay body has a central thickness that 1s about 30 microns.

10. The inlay of any one of claims 1 to 9 wherein the inlay body has a peripheral edge thickness

between about 8 microns and about 15 microns.

1. The inlay of claim 10 wherein the inlay body has a peripheral edge thickness that ts about 12

microns.

- 13 -
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12. A corneal inlay for treating presbyopia, comprising:
an inlay with a meniscus-shaped body having a diameter between about 1 mm and about 3 mm

and a spherical anterior surface, wherein the body has an index of refraction that is about 1.36 to about

1.39.

13. The inlay of claim 12 wherein the diameter of the inlay body 1s about 2 mm.
14. The 1nlay of claim 12 wherein the diameter of the inlay body 1s about 1.5 mm.
13. The inlay of claim 12 wherein the inlay body has an anterior radius of curvature between about

7 mm and about 12 mm.

16. The 1nlay of claim 15 wherein the inlay body has an anterior radius of curvature that 1s about 10
mm.
17. The 1nlay of claim 12 wherein the inlay body has a posterior radius of curvature between about

5 mm and about 10 mm.

18. The inlay of claim 17 wherein the inlay body has a posterior radius of curvature that 1s about 8.5
mm.
19. The inlay of any one of claims 12 to 18 wherein the inlay body has a central thickness between

about 20 microns and about 50 microns.

20. The inlay of any one of claims 12 to 19 wherein the inlay body has a central thickness that is

about 30 microns.

21. The inlay of any one of claims 12 to 20 wherein the inlay body has a peripheral edge thickness

between about 8 microns and about 15 microns.

22. The inlay of claim 21 wherein the inlay body has a peripheral edge thickness that 1s about 12

microns.

- 14 -
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