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CORNEAL IMPLANT STORAGE AND
DELIVERY DEVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/352,628, filed Apr. 17, 2014, now U.S. Pat. No.
9,345,569, which application is the national phase of Inter-
national Application No. PCT/US2012/061366, filed Oct.
22, 2012, which application claims priority to the following
provisional applications: U.S. 61/550,185, filed Oct. 21,
2011; U.S. 61/679,482, filed Aug. 3, 2012; and U.S. 61/606,
674, filed Mar. 5, 2012; all disclosures of which are incor-
porated herein by reference.

INCORPORATION BY REFERENCE

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the
same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

BACKGROUND

Corneal implants, such as corneal onlays and corneal
inlays, can be small, delicate medical devices, the storage
and/or handling of which should be carefully performed to
prevent damage to the implants. Additionally, corneal
implants can also be transparent, which, in addition to their
small size, can make them difficult to see with the unaided
eye.

Devices and methods are needed that allow for easy
handling and positioning of small, delicate corneal implants
without damaging the implant.

Additionally, the packaging tools and assemblies
described herein generally provide one or more of three
functions: to surround and protect the applicator apparatus,
including the corneal implant retained therein, from damage;
to act as a fluid reservoir and provide fluid to the corneal
implant to keep the corneal implant hydrated during storage;
and to remove, or wick away, excess fluid when removing
the corneal implant applicator from the packaging materials.

SUMMARY OF THE DISCLOSURE

One aspect of the disclosure is a corneal implant appli-
cator apparatus, comprising an implant applicator with one
or more applicator openings therethrough, and an implant
support with one or more support openings therethrough,
wherein the implant applicator and implant support are
disposed relative to one another to form an implant nest, and
wherein the implant nest is adapted to house a corneal
implant, wherein a ratio of the sum of the perimeters of the
one or more applicator openings to the sum of the areas of
the one or more applicator openings is greater than a ratio of
the sum of the perimeters of the one or more support
openings to the sum of the areas of the one or more support
openings, and wherein the greater ratio provides the appli-
cator with a higher affinity for a corneal implant than
support.

In some embodiments the implant applicator is adapted
such that corneal tissue has a greater affinity for the corneal
implant that the implant applicator.

In some embodiments the implant applicator has a plu-
rality of applicator openings therethrough. The plurality of
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applicator openings can have the same greatest linear dimen-
sion spanning the plurality of applicator openings.

In some embodiments the implant support has a plurality
of support openings therethrough. The plurality of support
openings can have the same second greatest linear dimen-
sion spanning the support openings.

In some embodiments the implant applicator has a plu-
rality of applicator openings therethrough and the implant
support has a plurality of support openings therethrough.
The plurality of applicator openings can have the same
greatest linear dimension spanning the plurality of applicator
openings and the plurality of support openings have the
same second greatest linear dimension spanning the support
openings. A number of the plurality of applicator openings
that overlap the corneal implant when the corneal implant is
disposed in the nest can be greater than a number of the
plurality of support openings that overlap the corneal
implant. Fluid can be retained in the corneal implant nest,
and wherein the fluid is disposed within a number of the
plurality of applicator openings that overlap the corneal
implant due to surface tension, and wherein the fluid is
disposed within a number of the plurality of support open-
ings that overlap the corneal implant due to surface tension,
wherein a volume of fluid disposed in the applicator open-
ings that overlap the corneal implant is greater than a volume
of fluid disposed in the support openings that overlap the
corneal implant. At least one of the support openings that
overlaps the corneal implant does not need to have fluid
extending across the entirety of the opening.

In some embodiments the corneal implant applicator has
a first greatest linear dimension spanning the corneal implant
applicator and the implant support has a second greatest
linear dimension spanning the implant support, wherein the
second greatest linear dimension is greater than the first
greatest linear dimension.

In some embodiments a periphery of the implant support
extends further radially than a periphery of the implant
applicator.

In some embodiments the implant support has a flat
implant support surface that forms a portion of the nest. The
implant support can comprise a recess formed therein
adapted to accommodate the corneal implant.

In some embodiments the implant applicator has a flat
surface that forms a portion of the nest.

In some embodiments the implant applicator has a first
greatest thickness and the implant support has a second
greatest thickness, wherein the second thickness is greater
than the first thickness. The second thickness can be about
two times the first thickness.

In some embodiments the one or more applicator open-
ings have hexagonal configurations.

In some embodiments the one or more support openings
have hexagonal configurations.

In some embodiments the corneal implant is made from a
hydrophilic material.

One aspect of the disclosure is a corneal implant appli-
cator apparatus, comprising an implant applicator with a
plurality of applicator openings therethrough; and an
implant support with a plurality of support openings there-
through, wherein the number of the plurality of applicator
openings is greater than the number of the plurality of
support openings, wherein the implant applicator and
implant support are disposed relative to one another to form
a corneal implant nest, and wherein the corneal implant nest
is adapted to house a corneal implant such that the corneal
implant is disposed adjacent the plurality of applicator
openings and the plurality of support opening.
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In some embodiments the greater number of applicator
openings provides the applicator with a greater affinity for
the corneal implant than the support.

In some embodiments the applicator is adapted such that
corneal tissue has a greater affinity for the corneal implant
than the applicator.

In some embodiments a number of the plurality of appli-
cator openings that overlap the corneal implant when posi-
tioned in the nest is greater than a number of the plurality of
support openings that overlap the corneal implant when the
implant is positioned in the nest.

In some embodiments the plurality of applicator openings
have hexagonal configurations.

In some embodiments the plurality of support openings
have hexagonal configurations.

In some embodiments the corneal implant is made from a
hydrophilic material.

One aspect of the disclosure is a corneal implant appli-
cator apparatus, comprising a corneal implant applicator
with a plurality of applicator openings therethrough,
wherein the plurality of applicator openings have hexagonal
configurations; and a corneal implant support with a plural-
ity of support openings therethrough, wherein the plurality
of support openings have hexagonal configurations, wherein
the corneal implant support disposed relative to the corneal
implant applicator to form a corneal implant nest therebe-
tween.

In some embodiments the plurality of applicator openings
are sized to provide the applicator with a greater affinity for
the corneal implant than the support.

In some embodiments the applicator openings are sized
such that corneal tissue has a greater affinity for the corneal
implant than the applicator.

In some embodiments the apparatus further comprises a
corneal implant disposed within the nest adjacent the plu-
rality of applicator openings and the plurality of support
openings.

In some embodiments a linear dimension between oppos-
ing sides of the plurality of hexagonal applicator openings is
less than a linear dimension between opposing sides of the
plurality of hexagonal support openings.

In some embodiments the corneal implant is made from a
hydrophilic material.

One aspect of the disclosure is a corneal implant appli-
cator apparatus, comprising an implant applicator with at
least one applicator opening therethrough; and an implant
support with at least one support opening therethrough,
wherein the implant applicator and implant support are
disposed relative to one another to form an implant nest that
is adapted to house a corneal implant; wherein the at least
applicator opening and the at least one support opening are
adapted such that forces between the corneal implant and a
liquid disposed in the at least one applicator opening are
greater than forces between the corneal implant and a liquid
disposed in the at least one support opening, wherein the
greater forces provide the applicator with a greater affinity
for the corneal implant than the support.

In some embodiments the at least one applicator opening
are adapted to provide the applicator with less of an affinity
for the corneal implant than a corneal surface.

In some embodiments the number of applicator openings
is greater than the number of support openings. The number
of applicator openings that overlap the corneal implant when
positioned in the implant nest can be greater than the number
of support openings that overlap the corneal implant.
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In some embodiments the size of the at least one appli-
cator opening is smaller than the size of the at least one
support opening.

In some embodiments the implant applicator has a first
surface through which the at least one applicator opening
passes, wherein the first surface is flat.

In some embodiments the implant support has a first
surface through which the at least one support opening
passes, wherein the first surface is flat.

In some embodiments a ratio of the sum of the perimeters
of'the at least one applicator openings to the sum of the areas
of the at least one applicator openings is greater than a ratio
of the sum of the perimeters of the at least one support
openings to the sum of the areas of the at least one support
openings, and wherein the greater ratio provides the appli-
cator with a higher affinity for a corneal implant than the
support.

In some embodiments the at least one applicator opening
and the at least one support opening have hexagonal con-
figurations.

In some embodiments the implant applicator has a plu-
rality of applicator openings therethrough and the implant
support has a plurality of support openings therethrough,
wherein the plurality of applicator openings are smaller than
the plurality of support openings.

In some embodiments the implant applicator has a plu-
rality of applicator openings therethrough and the implant
support has a plurality of support openings therethrough,
and wherein a number of the plurality of applicator openings
that overlap the corneal implant when the corneal implant is
disposed in the nest is greater than a number of the plurality
of support openings that overlap the corneal implant.

In some embodiments the corneal implant is made from a
hydrophilic material.

One aspect of the disclosure is a corneal implant appli-
cator apparatus, comprising an implant applicator with a
plurality of applicator openings therethrough; and an
implant support with a plurality of support opening there-
through, wherein the implant applicator and implant support
are disposed relative to one another to form an implant nest
that is adapted to house a corneal implant, and wherein the
arrangement of the plurality of applicator openings provides
the applicator with a higher affinity for the corneal implant
than the support.

In some embodiments the arrangement of the plurality of
applicator openings provides the applicator with less of an
affinity for the corneal implant than a corneal surface.

In some embodiments the number of applicator openings
is greater than the number of support openings. The number
of applicator openings that overlap the corneal implant when
positioned in the implant nest can be greater than the number
of support openings that overlap the corneal implant.

In some embodiments the size of the plurality of appli-
cator openings is smaller than the size of the plurality of
support openings.

In some embodiments the implant applicator has a first
surface through which the plurality of applicator openings
pass, and wherein the first surface is flat.

In some embodiments the implant support has a first
surface through which the plurality of support openings
pass, wherein the first surface is flat.

In some embodiments a ratio of the sum of the perimeters
of'the plurality of applicator openings to the sum of the areas
of the plurality of applicator openings is greater than a ratio
of the sum of the perimeters of the plurality of support
openings to the sum of the areas of the plurality of support
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openings, and wherein the greater ratio provides the appli-
cator with a higher affinity for a corneal implant than
support.

In some embodiments the plurality of applicator openings
and the plurality of support openings have hexagonal con-
figurations.

In some embodiments the plurality of applicator openings
are smaller than the plurality of support openings.

In some embodiments a number of the plurality of appli-
cator openings that overlap the corneal implant when the
corneal implant is disposed in the nest is greater than a
number of the plurality of support openings that overlap the
corneal implant.

In some embodiments the corneal implant is made from a
hydrophilic material.

One aspect of the disclosure is a corneal implant hydra-
tion control apparatus, comprising a body forming a pocket
configured to receive and stabilize a corneal implant deliv-
ery apparatus therein.

In some embodiments the body comprises a first hydra-
tion control element and a second hydration control element
disposed relative to the first hydration control element to
form the pocket. The first and second hydration control
elements can comprise sections of rolled up material. The
first and second hydration control elements can comprise
sections of rolled up material from an integral section of
material. A section of the integral section of material can
form a backstop. The first and second hydration control
elements can be generally cylindrically-shaped. The first and
second hydration control elements can engage one another.

In some embodiments the apparatus further comprises a
first deformable base secured to the body, wherein the first
deformable base is adapted to deform to adjust a distance
between a first hydration control element and a second
hydration control element, wherein the first and second
hydration control elements form at least a portion of the
pocket. The apparatus can further comprise a first core
disposed within the first hydration control element and a
second core disposed within the second hydration element,
wherein the first deformable base is secured to the first and
second cores to secure the base to the first and second
hydration control elements. The apparatus can further com-
prise a second deformable base second to the first and
second cores. The first deformable base can be secured to a
first end of each of the first and second cores, and the second
deformable base is secured to a second end of each of the
first and second cores. The first deformable base can include
a living hinge that allows the deformable base to deform to
adjust the distance between the first and second hydration
control elements.

In some embodiments the pocket has a general wedge
shape formed by a first and second hydration control ele-
ments.

In some embodiments the body is formed of a polyester
material.

In some embodiments the body is adapted to wick away
fluid from an apparatus disposed within the pocket as the
apparatus is removed from the pocket.

One aspect of the disclosure is a packaging assembly for
a corneal implant applicator, comprising a corneal implant
applicator apparatus comprising an implant portion in which
a corneal implant is retained; a hydration control member
comprising a pocket that is adapted to receive and stabilize
the implant portion therein.

In some embodiments the implant portion in which the
corneal implant is retained is substantially flat.
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In some embodiments the corneal implant is retained in
the implant portion of the corneal implant applicator appa-
ratus in a substantially unstressed configuration.

In some embodiments the hydration control member
comprises a first hydration control element and a second
hydration control element, wherein the first and second
hydration control elements form at least a portion of the
pocket. The first and second hydration control elements are
generally cylindrically shaped.

In some embodiments the hydration control member
further comprises a backstop adapted to prevent the corneal
implant applicator apparatus from being advanced too far
within the pocket.

In some embodiments the first and second hydration
control elements are adapted to be moved apart from one
another to accommodate the corneal implant applicator
apparatus.

One aspect of the disclosure is a method of removing
excess storage liquid from a corneal implant applicator
apparatus, comprising providing a corneal implant applica-
tor apparatus, wherein a corneal implant is disposed within
a portion of the apparatus; and stripping excess fluid from
the portion of the apparatus by engaging the portion of the
apparatus in which the implant is disposed with a hydration
control member while moving the portion of the apparatus
with respect to the hydration control member.

In some embodiments the portion of the apparatus
includes first and second surfaces each with at least one
opening formed therein, the first and second surfaces form-
ing a corneal nest, wherein the stripping step comprises
removing excess fluid away from the first and second
surfaces.

In some embodiments the stripping step comprises engag-
ing the portion of the apparatus with first and second
hydration control elements while moving the portion of the
apparatus with respect to the first and second hydration
control elements.

One aspect of the disclosure is a method of storing a
corneal implant applicator apparatus, comprising providing
a corneal implant applicator apparatus with a first portion in
which a corneal implant is positioned; positioning the first
portion of the apparatus into a pocket formed by a hydration
control member until the first portion engages the hydration
control member.

In some embodiments the positioning step creates a fluid
communication between the hydration control member and
the corneal implant.

In some embodiments the positioning step comprises
advancing the first portion into a pocket formed by two
hydration control elements until the first portion engages the
two hydration control elements. The positioning step can
comprise positioning a first apparatus surface into engage-
ment with a first hydration control element and positioning
a second apparatus surface into engagement with a second
hydration control element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates exemplary cohesive forces.

FIG. 2 illustrates exemplary adhesive forces.

FIG. 3 illustrates a liquid suspended within a loop.

FIGS. 4, 5, 6, 7, 8, 9 and 10 illustrate an exemplary
corneal implant applicator apparatus.

FIGS. 11A-11D, 12, 13, 14 and 15 illustrate exemplary
moderate and minimal bodies.

FIGS. 16, 17A, 17B, 17C, 18 and 19 illustrate an exem-
plary corneal implant applicator apparatus.
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FIGS.20A-20D, 21A-211, 22A-22C,23A-23D, 24 A-24E,
25A-25D, 26A-26D, 27A-27E, 28A-28D, 29A-29D, 30A-
30D, 31A-31B, and 32A-32B illustrate components of an
exemplary corneal implant applicator apparatus.

FIGS. 33A-33B illustrate a portion of an exemplary
corneal implant applicator apparatus positioned within a
pocket of a hydration control member and within a pack-
aging tray.

FIGS. 34, 35, and 36A-36B illustrate exemplary hydra-
tion control members.

FIGS. 37A-37B illustrate a portion of an exemplary
corneal implant applicator apparatus positioned within a
pocket of a hydration control member and within a pack-
aging tray.

FIGS. 38A-38B, 39A-39B, and 40A-40B illustrate an
exemplary hydration control member.

FIGS. 41A-41F illustrate an exemplary packaging appa-
ratus.

FIG. 42 illustrates an exemplary corneal implant posi-
tioning loop.

FIG. 43 illustrates an exemplary corneal implant.

FIGS. 44A-44D illustrate exemplary loops.

FIGS. 45, 46A, 46B, 47, 48, 49, 50, 51, 52, 53 and 54
illustrate exemplary corneal implant positioning members
that include loop structures.

DETAILED DESCRIPTION

The disclosure relates to devices for one or more of
packaging, storing, positioning, and delivering corneal
implants such as corneal inlays. The devices herein can be
used in the movement and positioning of, for example
without limitation, corneal onlays, corneal inlays, corneal
replacements, and contact lenses.

The disclosure includes devices and methods of use that
rely at least partially on surface tension of liquids to control
the positioning and/or movement of a corneal implant. The
devices can be used in the storage, packaging, movement, or
delivering of the corneal implants. These approaches can be
used when the corneal implant is made at least partially of
hydrophilic material, such as a hydrogel.

Surface tension is the property of liquids that allows the
surface of a body of liquid to resist external forces. It is what
allows objects denser then water, such as small pins and
certain insects, to float on a liquid’s surface. Surface tension
is caused by the cohesive forces of a liquid’s molecules.
Cohesive forces are the attractive forces between two like
molecules. As shown in FIG. 1, an average molecule within
a body of liquid has no overall cohesive force acting upon
it because it sees cohesive forces from neighboring mol-
ecules acting upon it in every direction. A molecule on the
surface, however, only sees cohesive forces pulling it
inwards. For very small droplets, the inward force on all
surface molecules causes the droplet to be generally spheri-
cal in shape.

Adhesive forces, on the other hand, are those seen
between unlike molecules. For some material combinations,
these forces can be greater than the cohesive forces of a
liquid’s molecules. These strong adhesive forces are the
cause of an upward ‘bowing,’ called the meniscus (as shown
in FIG. 2), in a liquid’s surface where the liquid around the
edge of a container is pulled higher than the rest of the
surface by the adhesive forces between the liquid and the
container. The adhesive forces pull up on the surface of the
water and are in equilibrium with the gravitational forces
pulling down on the body of liquid.
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In the case of liquid suspended within a loop, as shown in
FIG. 3, adhesion forces from the loop act on both the top and
bottom surfaces of the liquid and cohesive forces act across
both upper and lower surfaces. These forces are sufficient to
hold a liquid within a loop up until the liquid’s volume is so
great that the gravitational forces overcome the cohesive and
adhesive forces.

In the case of a solid, mesh, or other such surface, the
adhesive and cohesive forces act in a similar fashion. Many
factors, including the type of material, the type of fluid, and
the surface geometry will affect the strength of the adhesive
and cohesive forces.

Exemplary corneal implants that can be stored and used in
the following embodiments are corneal inlays described in
U.S. Pub. No. US 2007/0203577, filed Oct. 30, 2006, U.S.
Pub. No. US 2008/0262610, filed Apr. 20, 2007, and U.S.
Pub. No. 2011/0218623, filed Sep. 8, 2010, the disclosures
of which are incorporated herein by reference. In some
embodiments, a “small diameter” (i.e., between about 1 mm
and about 3 mm) corneal inlay is made from a hydrogel, that
may be primarily fluid. This, as well as the inlay’s small size,
causes it to behave in somewhat the same way as a fluid. The
disclosure below makes use of these characteristics of the
corneal implant and the adhesion forces between a fluid and
various surface geometries. While the disclosure herein
focuses on corneal inlays, any corneal implant that exhibits
similar properties can be used as described herein. For
example, corneal onlays, at least a portion of which have
hydrophilic properties, can be used as described herein.

The devices herein rely on a body’s “affinity” for a fluid
or an object with fluid-like properties (e.g., a hydrophilic
corneal implant). As used herein, a body’s “affinity” for the
fluid or fluid-like object is influenced by the difference
between the strength of the net adhesive forces between the
body and the fluid or fluid-like object and the strength of the
net cohesive forces within the fluid or fluid-like object. In
embodiments herein where there is a substantially constant
fluid or fluid-like object (e.g., a hydrophilic corneal inlay),
the relative affinities of two bodies for the fluid or fluid-like
object is at least partially determined by the relative
strengths of the net adhesive forces between the bodies and
the fluid or fluid-like object. For example, in an embodiment
in which the fluid-like object is a hydrophilic corneal
implant, a first body can have a greater affinity for the
implant than a second body when the net adhesive forces
between the first body and the implant are greater than the
net adhesive forces between the second body and the
implant.

The corneal implant will remain adhered to the body with
the highest net force (the sum of the adhesive and cohesive
forces).

A first body, referred to herein as a “moderate body,” has
a greater affinity for the fluid or fluid-like object than a
second body, referred to herein as a “minimal body.” As used
herein in this context, “body” may be used interchangeably
with device, component, structure, or other similar term to
indicate anything with structure. The eye, however, has a
greater affinity for the fluid or fluid-like object than the
moderate body. The different relative affinities can be used
to handle the inlay and control the movement of the inlay as
it is moved from one surface to another without a user
needing to touch it with a hand or other tool. Factors that
influence the relative affinities include one or more of: the
type of material, the type of fluid, and the surface geometry
including surface area.

As used herein, a corneal inlay (e.g., the fluid-like object)
has a greater “affinity” for the corneal bed of the eye than it
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does the moderate body, and at the same time the inlay has
a greater affinity for the moderate body than it does the
minimal body. The eye can be described as having a greater
affinity for the inlay than both the moderate body and the
minimal body. Similarly, the moderate body can be
described as having a greater affinity for the inlay than the
minimal body. That is, the affinity between two bodies can
be described relative to either body. That is, for example, the
moderate body has a greater affinity for the inlay than does
the minimal body, and thus the inlay will preferentially
adhere to the moderate body over the minimal body.

In some embodiments the storage fluid is water or saline,
for example. Water molecules are highly polarized, which
provides for attractive forces with other materials.

A relative comparison of the affinity between each body
and the inlay can be represented by: corneal tissue>moderate
body>minimal body. The moderate and minimal bodies may
take on many forms, including, without limitation, meshes,
membranes, and/or material with different surface finishes
or contours.

Due to the differences in affinity between the minimal
body and the moderate body, the inlay preferentially remains
adhered to the moderate body. It continues to adhere to the
moderate body until exposed to a stronger adhesive force.
The minimal and moderate bodies can therefore be any
suitable material as long as the adhesive forces between the
moderate body and the inlay are greater than the adhesive
forces between the minimal body and the inlay. The mod-
erate body has a greater affinity for the inlay than does the
minimal body, and the adhesive properties of the materials
is a factor influencing those affinities.

FIGS. 4-11D illustrate an exemplary embodiment of an
apparatus that comprises a moderate body and a minimal
body, wherein the apparatus also includes an actuation
mechanism that is used to separate the minimal body from
the corneal implant and the moderate body. The apparatus
can be used to store the corneal implant, prepare the corneal
implant for delivery, and/or deliver the corneal implant onto
or into the eye. FIGS. 4 and 5 (side view and sectional side
view, respectively) illustrate device 100 including handle
112 secured to distal portion 114. Actuator 116 is disposed
in both handle 112 and distal portion 114, both of which are
adapted to allow actuator 116 to pass therethrough. Spring
126 maintains actuator 116 in the at-rest, or non-actuated,
configuration shown in FIGS. 4 and 5. Actuator 116 has a
distal section 128 with a reduced size that is disposed in a
smaller sized distal channel in distal portion 114.

The distal end of apparatus 100 includes first portion 118
secured to moderate body 122. A second portion 120 is
secured to minimal body 124 and is also detachably secured
to first portion 118 around pin 134. The corneal implant (not
shown in FIGS. 4 and 5 for clarity) is disposed between the
moderate body and the minimal body in a nest formed by the
moderate and minimal bodies. Second portion 120 is
adapted to rotate with respect to first portion 118 around pin
134. FIG. 6 (sectional side view) illustrates the device after
actuator 116 has been pressed down. When actuator 116 is
pressed, spring 126 is compressed, and distal section 128
moves forward, or distally, through the channel in distal
portion 114. The distal end of distal section 128 makes
contact with second portion 120, forcing it downward as it
rotates around pin 134. Because the corneal implant has a
higher affinity for moderate body 122 than minimal body
124, the corneal implant will remain adhered to moderate
body 122 as second portion 120 and minimal body 124 are
rotated away from first portion 118 and moderate body 122.
Once the curved portion of second portion 120 clears pin
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134, second portion 120 is detached from first portion 118
and therefore from device 100, preparing the corneal implant
for delivery (or, in some embodiments the corneal implant is
delivered using a separate delivery device).

FIG. 7 illustrates a perspective view of the distal region of
device 100. First portion 118 is secured to second portion
120 with clip 132, which is biased to the closed configura-
tion shown in FIG. 7. Upon the application of the actuation
force from actuator 116, clip 132 is forced into an open
configuration, allowing second portion 120 and minimal
body 124 to be rotated away from first portion 118.

FIG. 8 illustrates a sectional side view of the distal portion
of the device. FIG. 9 shows the sectional side view from
FIG. 8 after actuator 116 has been actuated and second
portion 120 is rotating away from first portion 118. Corneal
implant 140 remains adhered to moderate body 122 due to
the higher affinity of the moderate body. FIG. 10 illustrates
a side view after second portion 120 has been completely
disengaged from first portion 118. Actuator 116 is then
released to cause distal section 128 to retract back into distal
portion 114. Corneal implant 140 is now ready for delivery
and can be delivered as described above. In some embodi-
ments the corneal implant is positioned against stromal
corneal tissue, and because the inlay has a higher affinity to
the corneal tissue than to the moderate body, the inlay will
disassociate from the moderate body and adhere to the
corneal tissue.

FIGS. 11A-11D illustrate an exemplary embodiment of
minimal and moderate bodies, which can be incorporated
into the assembly from FIGS. 4-10. Minimal body 224
includes recess 225 formed therein such that when moderate
body and minimal body are moved towards one another,
they form a nest in which the inlay is retained (see FIG.
11D). The recess has a generally circular configuration
(similar to the general configuration of minimal body 224),
but other configurations may be suitable. Recess 225 is
adapted to accommodate the corneal implant within the
recess. Recess 225 is also sized to prevent inlay 140 (see
FIGS. 11B-11D) from being compressed between the mini-
mal and moderate bodies while being shipped or stored (see
FIG. 11D). The corneal implant is therefore maintained in
substantially unstressed, or non-deformed, configuration.
Because the inlay has a defined curvature, it may be pre-
ferred to not allow the inlay to be distorted during shipping
and/or storage, and the recess (and thus the nest) can be sized
to help prevent it from being distorted. Additionally, because
of the fluidic nature of some inlays, it can be difficult to
constrain the inlay laterally between two parallel surfaces
without the presence of a recess. The recess formed in the
minimal body allows for easy containment without excess
force being applied to the inlay. The nest formed by the
moderate and minimal bodies prevents compression and/or
damage to the inlay while acting as a storage compartment.

As can be seen in FIGS. 11B-11D, the recess size is larger
than the inlay size. Particularly, in this embodiment, the
diameter of the recess (“dr”) is greater than the diameter of
the inlay (“di”). Additionally, the diameter of the moderate
body (“dM”) is greater than the diameter of the recess (“dr”)
formed in the minimal body (see FIG. 11D). The diameter of
the minimal body (“dm”) is greater than the diameter of the
moderate body (“dM”).

The depth of the recess is greater than the material
thickness of the inlay, but is preferably slightly less than the
height of the corneal implant in a non-stressed configuration.
This ensures that at least a portion of the corneal implant is
maintained in contact with both the moderate body and the
minimal body. If at least a portion of the corneal implant is
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not in contact with the moderate body, the corneal implant
can remain adhered to the minimal body rather than the
moderate body when the moderate and minimal bodies are
moved away from one another. In an exemplary embodi-
ment the material thickness of the corneal implant is about
38.1 microns, the overall height of the implant in a non-
stressed configuration is about 152.4 microns, and the depth
of the recess is between about 63.5 microns and about 114.3
microns.

Similar to the embodiment in FIGS. 4-10, moderate body
222 is secured to first portion 218, while minimal body 224
is secured to second portion 220. The system is used in the
same manner as the embodiment in FIGS. 4-10.

In some exemplary embodiments of the systems shown
herein (e.g., those in FIGS. 4-11D), the moderate body is
stainless steel. In some embodiments it can be about 0.1 mm
thick. As shown in the figures, the plurality of openings in
the moderate body have general hexagon configurations. In
some exemplary embodiments the dimension from a first
side of the hexagon to a second side that is parallel to the first
side (i.e., double the hexagon’s apothem) of at least a
substantial number of the hexagon shapes is about 0.35 mm.
In some embodiments that dimension could be between
about 0.02 mm to about 0.12 mm. The distance between
hexagons (i.e., the distance from a first side of a first
hexagon to a first side of a second hexagon, wherein the
sides are parallel to one another and the hexagons are
directly adjacent to one another) is about 0.05 mm, although
this distance could be between about 0.01 mm and about
0.25 mm. The diameter of the moderate body can be about
3 mm, but in some embodiments it is between about 0.25
mm and about 13 mm. The above numerical limitations are
merely exemplary and not intended to be limiting.

In some exemplary embodiments of the systems shown
herein (e.g., those shown in FIGS. 4-11D), the minimal body
is stainless steel, and is about 0.2 mm thick, except in the
recess section. As shown in the figures, the openings in the
minimal body each have general hexagon configurations. In
some exemplary embodiments the dimension from a first
side of the hexagon to a second side that is parallel to the first
side (i.e., double the hexagon’s apothem) of at least a
substantial number of the hexagon shapes is about 1 mm. In
some embodiments that dimension could be between about
0.1 mm to about 3 mm. The distance between hexagons (i.e.,
the distance from a first side of a first hexagon to a first side
of a second hexagon, wherein the sides are parallel to one
another and the hexagons are directly adjacent to one
another) can be about 0.2 mm, although this distance could
be between about 0.02 mm to about 0.12 mm. The diameter
of the minimal body can be about 6.5 mm, but in some
embodiments it is between about 3 mm and about 13 mm.
The above numerical limitations are not intended to be
limiting.

In some embodiments the diameter of the minimal body
is at least about 2 times the diameter of the moderate body.
In some embodiments the diameter of the minimal body is
at least about 1.5 times the diameter of the moderate body.
In some embodiments the size of the plurality of hexagons
in the minimal body is at least about 2 times the size of the
plurality of hexagons in the moderate body. In some embodi-
ments they could be at least about 3 times, or at least about
4 times.

FIGS. 12-15 illustrate additional views illustrating the
relative sizes and dimensions of the mesh bodies and a
corneal inlay. In this embodiment the inlay has a diameter of
about 2 mm. FIG. 12 is a top view illustrating minimal mesh
body 224, recess 225 formed in minimal mesh body, periph-
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ery of inlay 140, and the surface areca 240 (shown in hash
lines) of minimal body 224 that overlaps with the inlay when
the inlay is positioned in recess 225. In this particular
embodiment surface area 240 of minimal body 224 that
overlaps with the inlay is about 0.9 mm?>. The perimeter of
the inlay that overlaps the minimal body is about 9 mm. FIG.
13 illustrates minimal mesh body 224 and periphery of inlay
140, and the surface area 242 (shown in hash lines) of
openings 244 (only three openings 244 labeled) that over-
laps the inlay when the inlay is in the recess. In this
particular embodiment the surface area 242 is about 2 mm?.

FIG. 14 illustrates moderate mesh body 222 and the
periphery of inlay 140 disposed thereon. Surface area 250 of
moderate body 222 is the surface area of the moderate body
that overlaps the inlay, at least a portion of which is in
contact with the inlay, when the inlay is positioned in the
nest. In this particular embodiment surface area is about 0.75
mm?. The perimeter of the inlay is about 26 mm. FIG. 15
illustrates moderate body 222, periphery of inlay 140, and
the surface area 254 (shown in hash lines) of openings 252
(only three openings 252 are labeled) that overlap the inlay.
Surface area 254 is about 2.3 mm?>.

In some embodiments the moderate body and the minimal
body each have one or more openings, or apertures, extend-
ing through the bodies. The ratio of the moderate aperture
perimeter (or sum of the aperture perimeters if more than
one aperture) to the moderate aperture area (or sum of the
apertures areas if more than one aperture) is greater than the
ratio of the minimal aperture perimeter (or sum of the
aperture perimeters if more than one aperture) to the mini-
mal aperture area (or sum of the aperture areas if more than
one aperture). Without necessarily wishing to be bound by
a particular theory, the greater ratio results in greater forces
being applied to the corneal implant from the moderate body
than the minimal body, and thus provides the moderate body
with a higher affinity for the corneal implant than the
minimal body. When the moderate and minimal bodies are
moved apart relative to one another, the greater forces
applied to the implant will cause the implant to remain
adhered to the moderate body rather than the minimal body.

By way of illustration only, in the embodiments shown in
FIGS. 12-15, the sum of the perimeters of the apertures in
the moderate body that overlap the implant were determined
to be about 1.03 in, while the sum of the aperture areas that
overlap the implant were determined to be about 0.0012 in>.
The ratio of perimeter to area for this particular moderate
body was about 858 in~*. The sum of the perimeters of the
apertures in the minimal body that overlap the implant were
determined to be about 0.365 in, while the sum of the
aperture areas that overlap the implant were determined to
be about 0.0014 in>. The ratio of perimeter to area for this
particular moderate body was about 260 in~*. The ratio is
therefore greater for the moderate body than for the minimal
body.

FIG. 16 is a partial exploded view of an exemplary
corneal implant storage and positioning device. Positioning
device 310 generally includes a handle assembly 312 that
includes the moderate body, support assembly 314 that
includes the minimal body, and actuator assembly 316 that
is adapted to actuate, or move, support assembly 314 with
respect to handle assembly 312. Due to the inlay’s greater
affinity for the moderate body, the inlay will adhere to the
moderate body when the support assembly 314 is actuated.

Actuator assembly 316 includes push rod 320 coupled to
button 321, and spring 322. Handle assembly 312 includes
handle 324 coupled to distal portion 326, which includes the
moderate body. The distal end of spring 322 is secured
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within the internal channel within handle 312, and the
proximal end of spring 322 is secured to the distal end of
button 321. Push rod 320 is configured to be disposed within
the internal lumen of spring 322. As shown in more detail in
FIGS. 17A-17C, the distal end of push rod 320 includes bore
328 therethrough, adapted to receive dowel 318 therein.
When push rod 320 has been advanced distally within
handle assembly 312 and extends just out of the distal end
of handle assembly 312, as shown in FIG. 17A, dowel 318
is advanced through bore 328. Dowel 318 both prevents
push rod 320 from retracting proximally within handle
assembly 312, but it also provides base assembly 314 with
a surface to engage in order to secure support assembly 314
in place relative to handle assembly 312, as shown in FIG.
17C. The device also includes rod 330, which helps secure
support assembly 314 in place relative to handle assembly
312 (see FIG. 17C), but allows support assembly 314 to
rotate around rod 330 when the actuator is actuated. Dowel
318 is also involved in the actuation of the support assembly.
Actuating button 321 causes push rod 320, and thus dowel
318, to be advanced distally within handle assembly 312.
This causes dowel 318 to apply a generally distally directed
force to support assembly 314, which causes dowel 318 to
push down on support assembly 314. Upon the application
of this force support assembly 314 will begin to rotate
around rod 330, causing minimal body mesh 338 to move
away from moderate mesh body 334. Further rotation of
support assembly 314 will free support assembly 314 from
rod 330, allowing support assembly 314 to be completely
disengaged from handle assembly 312. Once disengaged,
the corneal implant will remain adhered to moderate body
334 and is ready for use, such as delivery into or onto
corneal tissue. Once the minimal mesh body is moved, the
user can release button 321, and spring 322 causes actuator
316 to return to an at-rest, or non-actuated, position relative
to handle assembly 312.

By incorporating rod 330, support assembly 314 rotates
with respect to handle assembly 312 in only one direction,
which prevents torqueing.

FIG. 18 is a partial exploded view of handle assembly 312
shown in FIG. 14 (actuator and base assembly not shown).
Assembly 312 includes handle 324, distal tip portion 342,
dowel 318, applicator base 336, and applicator 334. Handle
324 is secured to distal tip portion 342, and the distal end of
distal tip portion 342 is disposed within a bore in applicator
base 336. Applicator 334 is secured to applicator base 336.
FIG. 19 shows the assembled view from FIG. 18.

FIGS. 20A-20D illustrate alternative views of the assem-
bly of applicator base 336, applicator 334, and rod 330. FIG.
20A is an exploded perspective bottom view. FIG. 20B is a
perspective top view illustrating how rod 330 is disposed
within applicator base 336. FIG. 20C is a bottom view
showing applicator 334 secured to applicator base 336 and
a plurality of attachment points 350 for securing applicator
334 to applicator base 336. FIG. 20D is a front view showing
applicator 34 secured to applicator base 336, and rod 330
disposed within applicator base 336. Applicator 334 and
applicator base 336 can be secured together by any suitable
technique. In one embodiment applicator 334 is welded to
base 336, such as by resistance welding or laser welding.
Applicator 334 includes the moderate mesh body.

FIGS. 21A-211 illustrate a variety of views of a particular
embodiment of applicator base 336 described above. The
internal bore through which the actuator extends can be seen
in the sectional side view of FIG. 21D. The dimensions
indicated in the figures are merely exemplary to this par-
ticular embodiment and are not limiting.
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FIGS. 22A-22C illustrate exemplary dimensions for
applicator 334, including the mesh dimensions, described
above. For example, dimensions of the mesh that contribute
to implant preference to adhere to the moderate body over
the minimal body are shown. FIG. 22A is a top view. FIG.
22B is a side view. FIG. 22C is a detailed view of section A
from FIG. 22A.

FIGS. 23A-23D illustrate support assembly 314 from
FIG. 17, which includes support base 340 secured to implant
support 338. Support base 340 and implant support 338 are
secured to one another similarly to the applicator base and
the applicator described above. FIG. 23A is an exploded
view, while FIG. 23B is an assembled view. FIG. 23C is a
top view. FIG. 23D is a detailed view C from FIG. 23A of
applicator 338 showing recess 360 defined by recess side-
walls 356 and recess base surface 358. The implant is
configured and sized to be disposed within the recess such
that it is positioned between the minimal and moderate
meshes prior to removal of the minimal body.

FIGS. 24A-24E illustrate front, sectional side, side, and
top views of support base 340.

FIGS. 25A-25D illustrate views of the support 338. FIG.
25B illustrates section A-A shown in FIG. 25A. FIG. 25C
shows detail B from FIG. 25B, and FIG. 25D shows detail
C from FIG. 25A. Recess 360 is formed in a top portion of
the support 338. Mesh apertures 364 are defined by body
362, illustrated in FIGS. 25B and 25C. The dimensions
shown are exemplary and not intended to be limiting. The
mesh apertures of the minimal body are larger than the mesh
apertures of the moderate body, which is one of the con-
tributing factors for why in this particular embodiment the
implant preferentially adheres to the moderate body.

In general, the recess in the minimal mesh body should be
sized to prevent forces, or a substantial amount of forces,
from being applied to the corneal implant while it is posi-
tioned in the nest between the moderate and minimal bodies
prior to use.

The mesh apertures and the recess can be created by any
suitable technique, such as chemical etching, laser cutting,
micro water jet cutting, etc. In some instances chemical
etching provides for a cleaner cut and does not require as
much post-manufacture processing of the body. The mesh
apertures can be created from only one side, or in some
embodiments half of the thickness of the aperture is created
from one side, while the other half of the aperture is created
from the other side. In some embodiments the recess is
etched from one side, while the mesh apertures are created
in the other side. Any combination or variation on these
techniques can be used. In some embodiments the recess is
created by plunge electrical discharge machining (“EDM”).

In general, the net forces acting on the corneal implant are
greater from the moderate mesh body than from the minimal
mesh body. The polarity of water is an important factor when
the corneal implant is formed of a hydrophilic material
because in these instances the implant has properties like
water and as such behaves like water. The dimensions of the
mesh, configuration of the mesh, mesh body, and other
factors can be modified to alter the relative affinities.

As described above, the minimal mesh body diameter is
larger than the moderate mesh body diameter (both are
shown to have a generally circular configuration). The
minimal body diameter, due to its larger size, acts like a
bumper, protecting the entire distal region of the apparatus
during storage and use prior to actuation of the actuator. In
the specific example shown above, the minimal body thick-
ness is about twice as thick as the moderate body.
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The moderate body diameter is larger than the recess,
while the minimal body diameter is larger than the moderate
body diameter. In some embodiments it may be helpful for
the physician to be able to visualize the pupil when the
corneal implant is being positioned in the cornea. For
example, this may be desirable when implanting an inlay
into the cornea wherein the inlay has a diameter less than the
diameter of the pupil, such as a 1-3 mm diameter corneal
inlay. For these applications the moderate mesh body can be
sized such that it does not interfere with the visualization of
the pupil. Specifically, the moderate mesh body portion is
sized to allow the physician to be able to see the pupil during
the delivery of the implant on corneal tissue. Starting with
this constraint, the size of the other components can then be
determined.

The use of “diameter” herein is not to suggest that the
mesh body outer surfaces are perfectly circular or are
circular at all. The two mesh portions could be square or
rectangular-shaped, with the width and length of the mini-
mal mesh portion larger than the width and length of the
moderate mesh portion.

While in the embodiments above the implant’s affinity for
the moderate body is described as largely due to the size and
configuration of the moderate mesh body relative to the
minimal body, there are many ways to establish and control
the implant’s affinity for a given body. In some embodiments
this can be accomplished by using a moderate body that is
different than the minimal body. In some embodiments a
finish could be applied to one or more of the surfaces of the
moderate and minimal bodies. The finish can be different on
the moderate and the minimal body to control the preferen-
tial adhesion. In some embodiments the moderate body has
a better finish than the minimal body. In some embodiments
the minimal body has a matte finish on it.

One or more components of the devices described herein
can be a stainless steel or titanium. For example, applicator
base 36 and applicator 34 can both be stainless steel, one can
be titanium while the other is stainless steel, or both can be
titanium.

FIGS. 26 A-26D illustrate views of distal tip 342 from the
handle assembly described above. FIG. 26A is a view
looking from the proximal end to the distal end, FIG. 26B is
a view from the distal end to the proximal end, FIG. 26C is
a sectional side view, and FIG. 26D is a front view. The
distal tip is secured to the handle, and the distal end of it is
disposed in the applicator base 336.

FIGS. 27A-27E illustrate in detail actuator assembly 316
from FIG. 16. The actuator includes button 321, push rod
320, and bore 328 at the distal end of push rod 320. FIG.
27A is an exploded view, FIG. 27B is an assembly view,
FIG. 27C is a side sectional view of section A-A shown in
FIG. 27E, and FIG. 27D is a detail view of section B shown
in FIG. 27C.

FIGS. 28A-28D illustrate detailed views of button 321.
FIGS. 29A-29D illustrate detailed views of push rod 320,
including bore 328.

FIGS. 30A-30D illustrate detailed views of handle 324.
FIGS. 31A and 31B illustrate detailed views of spring 322.
FIGS. 32A and 32B illustrate detailed viewed of dowel 18.

Once the corneal implant is loaded in the apparatus
between the moderate and minimal bodies, the implant can
be used right away or it can be stored in packaging for any
suitable period of time. When the corneal implant is made of
a hydrogel material, it is important to keep the implant
adequately hydrated during storage.

The following disclosure describes packaging tools and
assemblies that are adapted to keep the corneal implant
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adequately hydrated during storage. As set forth in more
detail below, the following embodiments can also remove
excess fluid from the portion of the implant applicator
apparatus in which the implant is disposed. Removing
excess fluid helps ensure that when the minimal body is
removed, the corneal implant will adhere to the moderate
body.

The packaging tools and assemblies described herein
generally provide one or more of three important functions:
1) to surround and protect the applicator apparatus, includ-
ing the corneal implant retained therein, from damage; 2) to
act as a fluid reservoir and provide fluid to the corneal
implant to keep the corneal implant hydrated during storage;
and 3) to remove, or wick away, excess fluid when removing
the corneal implant applicator from the packaging materials.

FIGS. 33A (side view) and 33B (top view) illustrate an
exemplary packaging assembly 400 with corneal implant
applicator apparatus 402 disposed therein. Assembly 400
includes housing, or tray, 404, and lid 406. Housing 404
includes a distal reservoir, or well, 420, which is adapted to
accommodate the distal end of applicator apparatus 402 (in
which the corneal implant is disposed) and hydration control
member 408. Hydration control member 408 is disposed
within reservoir 420, and is positioned within reservoir 420
such that it interacts with the portion of the apparatus 402 in
which the corneal implant is disposed. In this embodiment
hydration control member 420 is a porous bag filled with a
hydrogel material. The hydrogel material acts like a liquid
reservoir, and the pores are sized to allow fluid molecules to
pass through the pores. The bag is folded upon itself at folds
414, forming three bag sections 412. Two of the sections
form a passage, or pocket, that is adapted to receive the
portion of apparatus 402 in which the corneal implant is
disposed. In particular, in this embodiment, the apparatus
402 is the apparatus from FIG. 16. The moderate mesh and
minimal mesh (with implant therein) are positioned within
the passage formed between two of the sections of bag, as
shown in the figure. The moderate mesh and minimal mesh
engage the two sections of the bag. The two sections form
a passage into which the relatively thin moderate/minimal
body assembly can be disposed. When the distal end of
apparatus 402 is positioned within the passage of hydration
control member 420, the corneal implant, due to the open-
ings in the moderate and minimal mesh bodies and the pores
in the bag, is in fluid communication with the hydrogel
material in the bag. The hydrogel material (or other hydro-
philic material) within the bag keeps the corneal implant
hydrated during storage in the packaging. In use, when
apparatus 402 is removed from the passage formed by the
two sections of the porous bag, the sections of the bag wick
away excess storage fluid that adheres to the moderate body
and minimal body. This prevents too much storage fluid
from remaining adhered to the moderate and minimal bodies
when prepping the implant to be deposited onto corneal
tissue.

In general, the hydration control element helps keep the
corneal implant hydrated during storage. This is of particular
relevance when the implant is made at least partially from a
hydrophilic material such as a hydrogel. The hydration
control element generally acts like a fluid reservoir that is in
fluid communication with the conical implant via the open-
ings in the moderate and minimal mesh bodies.

FIG. 34 illustrates a hydration control member in the form
of a porous bag filled with a hydrogel material. FIG. 35
illustrates a hydration control member in the form of a
porous bag filled with glass beads. The glass beads within
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porous bag provide the same hydration to the implant as
does the hydrogel material within the bag from FIG. 34.

The porous bag is adapted to maintain an equilibrium, or
substantial equilibrium, with the nest within the moderate
and minimal bodies. This provides enough fluid to the
implant to keep the implant hydrated during storage. The
bag can be a polyester material or any other suitable mate-
rial. In some embodiments the bag is polyether ether-ketone
(“PEEK”). The bag pore size is sized to prevent particulates
from leaking out of the bag and to control the hydration of
the corneal implant. In some embodiments the bag mesh size
is between about 10 microns and about 50 microns. In some
embodiments the pore size is about 30 microns. If hydrogel
is used within the bag, the hydrogel material can be medical
grade or non-medical grade.

In an alternative embodiment the hydration control mem-
ber comprises two hydration control elements that are rolls
of material that form a pocket, or passage, therebetween.
FIGS. 36A and 36B illustrate an exemplary hydration con-
trol member that comprises two rolls of a polyester mesh
material that form a pocket therebetween. The two rolls are
first and second hydration control elements. The pocket
formed by the two rolls is adapted to receive the portion
corneal implant applicator apparatus that houses the corneal
implant. In this embodiment the two rolls are formed from
a single piece of material that is rolled up like a scroll to
form first and second hydration control elements.

FIGS. 37A and 37B illustrate packaging assembly 440
wherein the hydration control member 448 comprises the
two rolls of material (e.g., a polyester material) from FIGS.
36A and 36B. Corneal implant applicator apparatus 442 is
the apparatus shown in FIG. 16. The packaging 440 includes
tray 444 and lid 446. Tray 444 includes reservoir 454 in
which the distal end of apparatus 442 is positioned. The two
rolled hydration control elements of hydration control mem-
ber 448 form a pocket, or passage, therebetween. The pocket
is adapted to receive and stabilize the moderate and minimal
bodies therein. In this embodiment the two rolls of material
are in contact with each other, and the pocket is the general
wedge configuration defined by the outer surfaces of the two
rolled sections. When the distal end of apparatus 442 is
advanced into the pocket, the distal end of the apparatus
pushes the rolls apart slightly. The distal end of the apparatus
is advanced to a position in which the two rolls are disposed
on either side of the corneal implant (which is disposed
within the nest) and are in contact with the minimal body
and the moderate body, respectively. The rolled elements are
therefore in fluid communication with the corneal implant
via the openings in the moderate and minimal bodies.

The hydration control member also stabilizes the moder-
ate and minimal bodies (and the implant disposed in the
nest) when the distal end of the apparatus is disposed in the
pocket. When the apparatus is advanced into the pocket, the
hydration control member engages with and stabilizes the
moderate and minimal bodies in the packaging. This pre-
vents the distal end from jostling around and possibly being
damaged while in the packaging. “Stabilize” as used herein
means that the distal end of the apparatus is more stable than
it would be without the presence of the hydration control
member. The distal end need not be completely immobilized
to be stabilized, but it is generally preferred that the distal
end doesn’t move relative to the hydration control member.

In alternative embodiments the first and second hydration
control elements are not material that is rolled up, but are
rather cylindrically-shaped solid material. The two elements
would either be secured within the tray, or they could be
secured to a base member.
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One of the advantages of the hydration control member is
that it is adapted to wick away, or strip, excess fluid from the
moderate and minimal bodies when the apparatus is
removed from the pocket. This is in part because the two
hydration control elements are in contact with the moderate
and minimal bodies as they are removed from the pocket.
The hydration control elements act in some ways like two
squeegees to strip away excess fluid as the distal end is
removed from the pocket. When stripping away the excess
fluid the hydration control elements do not necessary absorb
the excess fluid, but rather simply strip it away from the
moderate and minimal bodies. This can be advantageous
because even if the hydration control elements are substan-
tially saturated with fluid, they can still remove the excess
fluid from the moderate and minimal bodies. In some
particular embodiments it has been found that between about
0.5 and about 1.5 microliters is an optimal amount of fluid
associated with the moderate body and minimal body after
the wicking step. That amount of fluid is partially controlled
by the wicking away of the fluid during the removal process.
The amount of fluid that remains with the inlay is also a
function of the moderate mesh body thickness (about 0.1
mm nominal) and the opening pattern of the mesh.

In embodiments in which a bag is part of the hydration
control member, the hydration device need not be folded or
formed in any specific configuration. For example, a bag
could simply be deformed in such a way that the distal end
of the apparatus will maintain substantial contact with the
hydration control member. Additionally, the hydration con-
trol member could be engaged with only one side of the
distal end of the apparatus and the apparatus could still be
stable and the excess fluid could still be removed.

FIGS. 38A-40B illustrate an alternative embodiment of a
hydration control member. Hydration control member 500
includes first hydration control element 502 and second
hydration control element 504, cores 506, and two deform-
able bases 508. FIG. 38A shows an exploded view while
FIG. 38B shows the assembled view.

Hydration control elements 502 and 504 are formed by
rolling up a single piece of material 503 around cores 506 to
form two rolled sections, similar to a scroll. To form the
scrolls, ends 501 of material 503 are passed through slits in
cores 506, as shown in FIG. 40A, and then rolled back
around core 506 as shown in FIG. 40B. Cores 506 are then
rolled up over material 503, which rolls material around
cores 506. The two cores 506 are rolled up in opposite
directions until they engage. They are rolled up so that
hydration elements 502 and 504 have substantially the same
amount of material 503 in them. The material and cores after
being rolled up are shown in the central exploded illustration
in FIG. 38A. Pocket 505 is formed by the surfaces of
hydration control elements 502 and 504.

In some embodiments the cores are PEEK, but can be any
other suitable material, such as a polyester material.

The material forming the hydration control elements
preferably has water wicking properties. These properties
help remove the excess fluid from the apparatus. Exemplary
suitable materials include woven fabric polyester materials.
The wicking properties of the hydration control elements
also help ensure hydration of the inlay when in the pack-
aging. Any loose water (i.e., condensate) in the packaging
that comes into contact with the hydration control elements
will be wicked up and made available to the corneal implant
due to the fluid communication with the implant via the
openings in the moderate and/or minimal bodies. This can be
highly advantageous if the packaging assembly goes through



US 9,987,124 B2

19

a steam sterilization cycle, for example, as there will likely
be condensate present in the packaging at the end of the
cycle.

Hydration control member 500 also includes two deform-
able bases 508 which are secured to the ends of cores 506.
Bases 508 each have two bores through them that are
adapted to receive an end of cores 506. Bases 508 have
spring-like properties so that they can be slightly deformed
when the distal end of the applicator is advanced through the
pocket. In this embodiment bases 508 include living hinges
510, which allow for the slight deformation of bases 508.
When the applicator is advanced into pocket 505, the general
C-shaped bases 508 are opened slightly, due to the living
hinge, to accommodate the implant applicator apparatus. In
this slightly deformed configuration, the hydration control
elements 502 and 504 are each pressing on the moderate and
minimal mesh bodies, helping stabilize the applicator appa-
ratus in the pocket.

If the bases 508 are intended to be able to accommodate
a greater degree of separation of cores 506, bases 508 can be
modified to provide a greater degree of deformation. For
example, the bases 508 could include a hinge formed of two
materials, which may provide a greater degree of movement
than living hinges 510. Bases 508 could also be formed of
a material with superelastic properties such as nitinol.

Once the cores 506 are secured to bases 508, hydration
control member 500 can be placed within the packaging, and
the distal end of the apparatus can be advanced into the
pocket.

When the hydration control elements 502 and 504 are
formed from a single piece of material in this manner,
backstop 512 is formed that is substantially in the center
along the length of material 503. The backstop is situated at
the back of the pocket and prevents the distal end of the
apparatus from being advanced too far into the pocket. In
this embodiment the applicator is advanced into the pocket
such that the inlay is positioned just distal to where the
hydration control elements engage each other, so that when
the apparatus is removed from the pocket, the excess fluid
can be properly wicked away from the distal end of the
applicator apparatus. The corneal implant can also be dis-
posed where the two hydration control elements meet, or it
can be disposed closer to the backstop.

Alternatively, hydration control member 500 can simply
be used as a temporary hydration device and need not be
positioned within a packaging container. For example, a user
could simply keep the distal end of the implant applicator
apparatus disposed within the hydration control member
pocket to keep the implant hydrated.

In some embodiments the tray includes snap features
adapted to engage and stabilize the implant applicator appa-
ratus during storage to prevent or minimize movement in the
tray. The snap features can be disposed on a distal portion of
the tray, a proximal portion of the tray, or both. In the distal
portion they grab onto and secure a distal portion of the
apparatus. If in a proximal region the snap features are
adapted to secure a proximal region of the apparatus. Exem-
plary distal snap features that are formed into the tray and
are adapted to securingly engage with a distal portion of the
apparatus are shown in FIG. 33B as elements 418 and 419.
Exemplary proximal snap feature 413 is adapted to stabilize
the proximal portion of the apparatus. In the distal portion
they may face less resistance than they would face if they
were disposed in the proximal portion and grab onto the
proximal portion of the device. In this embodiment the tray
can include proximal snap features 413 but does not include
the distal snap features. In embodiments in which the
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packaging only includes proximal snap features, the snap
features can provide a location around which the apparatus
pivots as the apparatus is removed from the packaging. An
exemplary benefit of this type of motion when proximal
snap features are included rather than distal snap features is
that the distal end of the apparatus, which includes the
implant nest, can be removed from the pocket with less risk
of disassociation of the moderate and minimal bodies, and
provides for better wicking of excess fluid as the corneal nest
is removed from the pocket. This type of relative motion also
reduces the likelihood of any damage to either the moderate
or minimal bodies during the removal step.

FIGS. 41 A-41E illustrate an embodiment of an exemplary
packaging tray 552 (lid not shown) including a lock 556 and
a method of removing corneal implant applicator 554 from
the packaging tray. Lock 556 helps stabilize apparatus 554
within tray 552, in particular the handle portion of the
apparatus. In FIG. 41A, the 1id has already been removed. In
FIG. 41B, the sides of lock 556 are depressed in the direction
of the two arrows and the lock is lifted up away from
apparatus 554. After the lock has cleared locking elements
in the tray, lock 556 is fully disengaged from the tray, as
shown in FIGS. 41C and 41D. Once the lock is removed
apparatus 554 is removed from tray 552, as shown in FIG.
41E. A hydration control member is not shown in FIGS.
41A-41E, but any of the hydration control members
described herein can be included in the well, or reservoir, in
the tray. The lock and the tray can also be made to be an
integral structure rather than being separate components.

The tray lid and housing preferably do not include any
leachable materials, as the implant may be stored in the
packaging for any length of time, including several years.
Additionally, the packaging material, including the tray,
should be autoclavable for sterilization. The tray can be
thermoformed, injection molded, or formed by other suitable
methods. In one particular embodiment the tray is a
TOPAS® COC material, such as COC6015. The tray can
also be formed from polypropylene or other plastic materi-
als.

As set forth above one or more components of the device
can be made from a variety of materials. For example, one
or more components can be stainless steel, and one or more
components can be titanium. Titanium is more corrosion
resistant than stainless steel and thus may be a better
material when the materials are exposed to water. When
stainless steel components are used, one or more treatments
can be applied to the stainless steel, such as to make them
more resistant to corrosion. In some embodiments the parts
are passivated, while in some embodiments the parts are
coated with a zirconium nitride coating. In some embodi-
ments the parts are both passivated and coated with zirco-
nium nitride. In a particular embodiment one or more
components are 316L stainless steel. A zirconium nitride
coating can also be used to make the components harder to
make them stiffer and more protective. For example, a
zirconium nitride coating can be applied even if titanium
were to be used as the material. In some embodiments the
moderate and/or minimal mesh bodies, or any other com-
ponent of the apparatus, could be a plastic material. This
could make the apparatus cheaper if it or portions of it are
intended to be disposable.

In some embodiments the assembled packaging (tray, lid,
and applicator apparatus disposed therein) needs to be
sterilized. In some embodiments it is sterilized by autoclav-
ing. Due to the water in the corneal implant, the water
associated with the hydration control member, autoclaving
creates steam within the sealed tray. The internal pressure
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after autoclaving can get as high as 350 kPa or higher. The
tray should be able to withstand the internal pressure
increase, and the seal between the lid and the tray needs to
be able to withstand the internal pressure increase. If the seal
between the lid and tray breaks, the inside of the packaging
is no longer a sterile environment.

Additionally, as set forth above, the relative size of the
minimal mesh body provides protection for the moderate
mesh body during packaging and removal. This is because
the diameter of the minimal mesh is greater than the diam-
eter of the moderate body, and because the minimal mesh
body has a greater thickness than the moderate body. In
some of the embodiments herein, the minimal body is about
twice as thick as the moderate body (except for the portion
in which the recess is created).

In some embodiments the handle, such as handle 324 in
FIG. 16 is an injection molded plastic handle. It can be
desirable to have a knurl pattern on it to improve the
physician’s tactile feel. Some knurl patterns are, however,
difficult to clean. Additionally, the pattern can wear away on
the packaging materials during storage. In some embodi-
ments the handle has one or more spiral patterns that make
it smoother, which makes it wear less on the packaging
material.

The storage and/or positioning devices described herein
can be used to store and/or position corneal inlays such as
those exemplary inlays described in U.S. Pat. No. 6,102,946,
filed Dec. 23, 1998, application. Ser. No. 11/106,983, filed
Apr. 15,2005, application Ser. No. 10/837,402, filed Apr. 30,
2004, application Ser. No. 11/554,544, filed Oct. 30, 2006,
Provisional Application No. 60/776,458, filed Feb. 24, 2006,
application Ser. No. 12/418,325, filed Apr. 3, 2009, appli-
cation Ser. No. 11/738,349, filed Apr. 20, 2007, application
Ser. No. 12/877,799, filed Sep. 8, 2010.

When the minimal body is moved relative to the moderate
body, an amount of fluid remains adhered to the corneal
implant and the moderate body due to adhesive forces
between the fluid and the implant, and between the fluid and
the moderate body. This is generally referred to as the
amount of fluid that is left behind after separation of the
moderate and minimal bodies. In some particular embodi-
ments it has been found that between about 0.5 and about 1.5
microliters is an optimal amount of fluid that is left behind.
This amount is not intended to be limiting. As set forth
above, the pivoting motion of the minimal body relative to
the moderate body helps ensure that the amount of fluid that
remains is desirable.

The disclosure that follows generally describes devices
and methods for moving a corneal implant, or other hydro-
philic implant, from one location to another location. The
devices and methods utilize the property of surface tension
to control the inlay. The devices can be used to pick up the
implant from one surface or material and deposit it onto a
second surface or material. In some embodiments above, the
corneal implant is positioned in a recess in the minimal mesh
body. The disclosure that follows describes exemplary
devices and methods of depositing the corneal implant into
the recess of the minimal mesh body of the devices above.

As is shown above with respect to FIG. 42, in the case of
liquid suspended within a loop, adhesion forces act on both
the top and bottom surfaces and cohesive forces throughout
both surfaces. These forces are sufficient to hold a liquid
within a loop up until the liquid’s volume is such that the
gravitational forces overcome the adhesion forces.

When the corneal implant is made from a hydrogel it is
primarily liquid, and thus behaves in much the same way as
a liquid. FIG. 42 illustrates handling tool 602 in the form of
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a loop in which fluid 604 and corneal implant 600 are
constrained within the loop. When implant 600 is con-
strained in this manner within the loop, the implant can be
moved from one location to another by grasping the handle
connected to the loop. In some embodiments the implant is
first picked up with a loop and is then deposited from within
the loop into the recess in the minimal body.

There are several benefits for constraining the corneal
implant within a droplet of fluid as is done in the embodi-
ment in FIG. 42. First, forces acting on the implant are radial
and maintain the implant in a substantially non-deformed
configuration. Second, as shown in FIG. 43, for some
corneal implants the radial surface area 606 is sufficiently
less than a bottom surface (e.g., posterior surface) area 608
of the implant so that the bottom surface will preferentially
adhere to another surface (e.g., corneal tissue) when the
bottom surface is placed against the other surface. In some
specific embodiments the corneal implant is a corneal inlay
with a diameter of about 2 mm and an edge thickness of
about 14 microns. In this specific embodiment the dimen-
sions of this particular inlay dictate that the radial surface
area is about ¥is” of the bottom surface area.

While a round loop (as is shown in FIG. 42) may be
preferential for drop formation, it is not necessary. Any
number of wraps, angles, shapes, wires, sizes, or configu-
rations may be used without departing from the scope of the
present disclosure. FIGS. 44A-44D illustrate alternative
configurations of loops. In FIG. 44A the loop is offset at an
angle relative to the handle. FIG. 44B illustrates a loop in
which the loop is a double loop of material. FIG. 44C
illustrate the loop with a square configuration (but could be
rectangular). FIG. 44D illustrates a loop in which the
material forming the loop extends proximally to form the
handle.

FIG. 45 illustrates an embodiment of a handle designed to
control loop 614 that is adapted to handle a corneal implant.
The corneal implant may be controlled with a volume of
fluid held within loop 614. This handle allows the user to
easily control the volume of fluid within the loop. In the
embodiment shown in FIG. 45, there are two separate
buttons 610 and 612. One of the buttons will cock a spring
connected to a plunger, and the other button will release the
spring. Both buttons will hold their position after release,
preventing the user from having to hold a button in place
while attempting to position the corneal implant.

FIGS. 46A and 46B illustrate an exemplary embodiment
of this dual actuator design, but other configurations of
buttons can be used without departing from the scope of the
present disclosure. When button 616 is depressed, spring
618 is cocked and spring 620 causes button 622 to engage
latch 624. Button 616 is connected to plunger 617 such that
it is pushed toward loop 626 when cocked. The device is
now ready to pick up a corneal implant.

Once the loop is positioned on the cornea (with an implant
within the loop), button 622 is pressed, latch 624 releases
spring 618, which forces plunger 621 back away from loop
626. This causes air to move over the loop, sucking off
excess fluid surrounding the corneal implant. To ensure the
implant is released from the loop, plunger 621 is adapted to
suck up an excess of fluid that is more than is be required to
hold the implant within the loop.

The loop may be attached to any number of handle
configurations to better allow for control of the corneal
implant. For example, a handle that is adapted for precise
control of the amount of fluid held within the loop is
beneficial for several reasons. The amount of fluid within the
loop will provide the user control of the corneal implant. To
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place the corneal implant onto a surface, such as the cornea,
the user can hold a larger drop close to the surface and allow
the fluid, along with the implant, to wick onto the surface,
or the user can pull the fluid away from the loop until there
is no longer enough fluid to create the needed surface
tension, causing the implant to preferentially bind itself onto
the corneal surface. If desired, the implant can be picked up
by flooding the area with fluid, causing the implant to float
to the top where it can be recaptured within the loop. Being
able to remove excess fluid during the procedure is benefi-
cial in that it takes less time for the surface of the cornea to
dry. Once the implant has been placed onto the cornea, it is
desirable to dry out the surface of the cornea to prevent the
implant from moving for the duration of the procedure. The
eye is particularly sensitive, and it is desirable to perform
this procedure as quickly as possible. If excess fluid is
minimized, the surface will dry quicker, and the procedure
time will be minimized.

FIG. 47 illustrates an additional exemplary handle 630
coupled to loop 632. Loop 632, with fluid therein, is adapted
to maintain a corneal implant therein. The control of the fluid
within the loop may be achieved in a variety of suitable
ways. In several of the following examples, the loop is
placed at the end of a luer dispensing needle. However, any
configuration placing the loop within a controlled fluid
pathway may be used.

FIG. 48 shows an example of system that makes use of a
compressible tubular element that forms control neck 636.
The handle also includes luer 638. The reservoir is prefilled
with fluid using syringe 634. When the user presses down on
control neck 636, the volume inside of the handle decreases,
forcing fluid out through the tip and into loop 640. When
control neck 636 is released, a vacuum is created that sucks
the fluid back into the reservoir.

FIG. 49 shows a variation that works in much the same
way as the embodiment in FIG. 48. Instead of the user
pressing on a control neck manually, slide 644 is set at an
intermediate position. This allows the user to release pres-
sure on the internal tubing, resulting in a pressure differential
to pull fluid in, or increase pressure to displace fluid, forcing
it out of the tip. The spring forces the slide to return to the
intermediary position upon release. The device includes
syringe 642, luer 646, and loop 648.

FIG. 50 is an embodiment in which lighting element 652
is added to the general handle design, which includes loop
650. The lighting element can be a LED at the distal end of
the device, or it can be a fiber optic extending along the
length of the device.

It may also be beneficial to be able to store a corneal
implant within a loop. Some corneal implants are preferably
placed on the cornea in a specific orientation and must be
kept hydrated throughout shipment and storage. In these
embodiments the implant can be packaged preloaded in the
loop to preserve orientation, and within a package that
preserves hydration. FIG. 51 shows an example of vial 654
that would house the packaged luer tip 658 while preserving
hydration. Fluid 656 is also within vial 654. The implant is
protected within protection package 660 within vial 654.

In some embodiments the preloaded loop is packaged
within a small holder that allows fluid to flow therethrough
to the implant to keep it hydrated. FIG. 52 shows an
embodiment where cover 667 is slid back in the direction of
the arrow to reveal loop 668 in which a preloaded inlay is
disposed in its proper orientation. Mesh 672 on top and mesh
670 on bottom of implant 664 are adapted such that the
implant preferentially adheres to the loop despite the larger
surface area exposed to the mesh. The meshes with openings
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therethrough also allow for the implant to stay hydrated
while packaged, and help excess fluid to drain off when the
implant is removed from the hydration package. This
embodiment also includes luer 665.

FIG. 53 shows a system in which the implant can be
stored separately from the loop. Implant 676 can be easily
removed from between meshes 674, which is the same mesh
configuration shown in FIG. 52.

FIG. 54 illustrates a system in which preloaded loop 682
with implant 680 therein is placed within clamp 684, which
is adapted to hold the implant in place during shipping and
storage. At the time of use, a fluid control handle (not
shown) is attached to luer 678. The entire assembly is then
swiftly removed from the clamp with the implant retained in
place within the loop.

Any of the loop devices described herein can also be used
to position or move the corneal implant onto or from any
type of surface. The loops can facilitate any kind of posi-
tioning or handling that might be needed. In some embodi-
ments the loop is used to position a corneal implant onto a
corneal surface. In some embodiments the loop is used to
position a corneal implant onto a delivery device surface,
wherein the delivery device is used to position the corneal
implant into or onto the cornea. For example, the loop can
be used to handle a corneal implant and position it into the
recess of the minimal body described above. In some
embodiments the loop is used to move the corneal implant
from a storage or delivery device surface and onto another
surface.

Embodiments herein describe both a moderate body and
a minimal body. In some embodiments, however, the appa-
ratus or its method of use need not include the minimal body.
Without the minimal body, the corneal implant is not posi-
tioned within a corneal nest defined by the moderate and
minimal bodies. The implant therefore need not be packaged
with the moderate body. For example, it can be packaged in
a separate packaging. In these embodiments the moderate
body can utilize its preferential adhesion for the implant as
set forth above to retrieve, or pick up, the corneal implant
from its packaging. This can eliminate restrictions on how
the cornel implant needs to be packaged. For example, the
implant can be stored in a vial, free-floating in a storage
medium. When the implant is ready to be positioned on the
corneal tissue, the moderate body, which can be coupled to
a handle, is positioned adjacent the implant in its storage
medium, such as by scooping up the corneal implant into a
position adjacent the apertures therein. Due to its preferen-
tial adhesion adaptation, the corneal implant will preferen-
tially adhere to the moderate body. Once it has adhered to the
moderate body, the implant is ready to be deposited onto the
cornea as set forth above by relying on the moderate body’s
adaptation to allow the implant to preferentially adhere to
the corneal tissue rather than the moderate body.

What is claimed is:
1. A corneal implant applicator apparatus, comprising:
an implant applicator having a flat applicator surface with
a plurality of applicator openings therethrough; and
an implant support having a flat support surface with a
plurality of support openings therethrough, the implant
support further comprising a central recess having a
sidewall and a flat recess surface with at least one
recess opening therethrough, the flat recess surface
recessed relative to the flat support surface,

wherein the implant applicator and implant support are
disposed relative to one another to form a corneal
implant nest.
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2. The apparatus of claim 1, wherein the plurality of
applicator openings are hexagonal shaped.

3. The apparatus of claim 1, wherein the plurality of
support openings are hexagonal shaped.

4. The apparatus of claim 1, wherein the plurality of
applicator openings are smaller than the plurality of support
openings.

5. The apparatus of claim 1, wherein the number of
openings passing through the flat applicator surface is
greater than the number of openings passing through the flat
support surface and the flat recess surface.

6. The apparatus of claim 1, wherein the recess is circular.

7. The apparatus of claim 1, wherein the implant support
extends further radially outward than the implant applicator.
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