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(57) Abstract: Ophthalmic lenses for correcting refractive error of an eye are disclosed. Ophthalmic lenses include a deformable in-
ner portion and a deformable peripheral portion. When disposed over the optical region of an eye, the inner portion is configured so
that engagement of the posterior surface against the eye deforms the posterior surface so that the posterior surface has a shape diver -
ging form the refractive shape of the epithelium when viewing with the eye through the ophthalmic lens. The rigidity of the inner
portion is greater than the rigidity of the peripheral portion and the ophthalmic lenses are contigured to allow movement relative to
the eye upon blinking of the eye and to be substantially centered on the optical region of the cornea following the blinking of the
eye. Methods of correcting refractive errors of an eye such as astigmatism or spherical aberration using the ophthalmic lenses are
also disclosed.
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CONTACT LENSES FOR REFRACTIVE CORRECTION

{8061] This application claims benefit under 35 US.C. § 119{e) of U8, Provisional
Apphlication No. 61/636,404 filed on April 20, 2012, which 1s incorporated by reference in ifs

entirety.

FIELD
{6002] The disclosure relates to ophthalmic lenses for correcting refractive crror of an ¢ye are
disclosed. Ophthalmic lenses include a deformable inner portion and a deformable peripheral
portion. When disposed gver the optical region of an eye, the inner portion is configured so that
engagement of the posterior surface against the eye deforms the posterior surface so that the
posterior surface has a shape diverging form the refractive shape of the epithelium when viewing
with the cye through the ophthalmic lens. The nigidity of the inner portion is greater than the
rigidity of the peripheral portion and the ophthalmic lenses are configured to allow movement

relative to the eye upon biinking of the eye and to be substantially centered on the optical region

correcting refractive errors of an cye such as astigmatism or spherical aberration using the

ophthalmic lenses.

BACKGROUND OF THE INVENTION
{B003]  The eye inchudes several tissues that allow patients to see. The cornea of the eye is an
anterior tissue of the cye that is clear in healthy cyes and refracts light so as to form an image on
the retina. The retina is a posterior tissue of the eye that senses light froro the image formed
thercon and transmits signals from the image to the brain. The cornea inchades an outer layer of
tissue, the epitheliur, which protects the underlying tissues of the cornea, such as Bowman’s
membrane, the stroma, and nerve fibers that extend into the stroma and Bowman’s membrane.
The healthy eye includes a tear filtn disposed over the epithchum. The tear film can smooth
small frregularities of the epithelinm so as to provide an optically smooth surface and roaintain
cye health. The tear film is shaped substantially by the shape of the underlying epithelium,
stroroa, and Bowran’s membrane, if present. The tear film comprises a hiquid that 18 voostly

water and does include additional components, such as mucoids and lipids. The many nerve



WO 2013/184239 PCT/US2013/037219

tibers of the cornea provide sensation to promote blinking that can cover the cornea with the tear
film. The never fibers also sense pain so that one will normally avoid trauma to the cornea and

also avoid direct contact of an object to the comea so as to protect this important tissue.

{6004] Work in relation to cmbodiments of the present invention suggests that at least some of
the prior contact lenses and therapeutic coverings can be less than ideal in at least some
nstances. Many contact lenses and therapeutic coverings can be left in the cye for less than ideal
tirae, as the patient removing and replacing the contact lens ot therapeutic covering can be
somewhat cumbersome and in at least some instances patients may leave the contact lens or
therapeutic covering 1o the eye for a time that can be longer than would be ideal. Although
extended wear lenses can be left in the eye for somewhat longer time, the time such lenses can be
left in the eye can be less than ideal. Work 1o relation to embodiments of the present invention
also suggests that tear flow of the prior contact lenses can be less than ideal, and that less than
ideal tear flow may be related to the potential complications and can limit the amount of time

such lenses can be left in the eye.

{8065] In the healthy cornea, the proper amount of hydration of the cornea, sometimes referred
to as dehydration of the cornea, 1s maintained such that the cornea remains clear. The cornea
includes a posterior endothelial layer that pumps water from the cornea into the adjacent anterior
chamber. The epithelium inhibits flow of water from the tear liquid into the cornea, such that the
corneal stroma can be maintained with the proper amount of hydration with endothelial pumping.
The endothelial pumping of water from the cornea to maintain the proper hydration and
thickness of the eye s referred to as deturgescence. When the corveal epithelinm heals, the layer
of cells forming over the defect can be at least somewhat irregular in at least some instances,

such that the vision of the patient can be less than ideal.

[6066] Following corneal surgery, such as refractive keratectorny, the post-ablation cornea
may have a complex shape, and many of the prior commercially available lenses may not fit the
ablated cornea as well as would be ideal, and 1n at least some instances fitting of lenses can be
time consuming and awkward. Commercially available contact lenses having a rigid gas
permeable (RGP) central portion and a soft peripheral skirt can be difficult and/or time
consuming to {it to the ablated cornea and may not it very well in at least some nstances. The

ablated cornea may comprise an abrupt change in curvature near the edge of the ablation, and in

b2
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at least some instances it can be difficult to fit such lenses near the edge of the ablation. Also, at
least some of the commercially available contact lenses may not be suitable for extended wear
and may be removed cach day, which can be soruewhat awkward for a patient and can result in
lack of compliance and lenses remainiog in the eye longer than would be 1deal in at least some

instances.

{6007] Hybnd contact lenses, lenses having a rigid central proton and a soft skirt are also used
to correct refractive error of the eye such as astigroatism. Current products such as RGP and soft
toric lenses for correcting refractive error include a cylindrical component in addition to any
spherical corrective compouneut that raust be determined for each patient and oriented with
respect to the optical region of the cornea to maintain optimal vision correction. Features are
ncorporated into the lens to maintain centration and radial orientation of the lens of the eye
during wear. Becaunse of the need to fit and orient the cylindrical corrective component, a large
number of lenses must be maintained n inventory and individually fit and selected for cach

patient.

[B008] In hight of the above, it 18 desirable to provide improved contact lenses for vision
correction and coverings for treatments related to epithelial defects of the cornea, such as
epithelial defects following PRK. Ideally, these contact lenses and coverings would provide
treatments that improve tear flow and avoid at least some of the deficiencies of known
technigues while providing umproved patient comfort and/or vision. 1t is also desirable to
provide improved contact lenses for correcting refractive error that only requires a spherical fit

and provide comtort and vision correction as good as or betier than current toric lens products.

BRIEF SUMMARY OF THE INVENTION
{6009 Embodiments of the present invention provide improved ophthalmic devices that
provide improved vision for extended amounts of time and can be used to treat normal eves or
eyes having an epithelial defect, such as an epithelial defect subsequent to refractive surgery
such as PRK. The device may comprisc a contact lens and can provide improved tear flow such
that the device can be left on the eye to correct vision for an extended time. Devices may
cornprise a water inhibiting layer and one or more structurcs to pump tear liguid under the water
inhibiting layer of the device sach that the device can remain 1o the cye and correct vision for an

extended amount of time. Alternatively or in combination, the device may comprise a silicone or
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hydrogel layer extending along a posterior surface of the device coupled to fenestrations to
provide hydration and patient comfort. The silicone or hydrogel layer may fluidly couple the
cornea to the fonestrations so as to pass tear hiquid and therapeutic agents frora an anterior
surface of the device through the fenestrations and sthicone or hydrogel to the comea. In certain
embodiments, the device comprises a material having fenestrations and an outer portion shaped
to contact the conjunctiva to pump tear liquid when the eye blinks. The device may comprisc a
deflectable cuter portion having a resistance to deflection such that a chamber is formed when
the device is placed on the cye and the cye is open with the eyelids separated. A silicone or
hydrogel layer coupled to the fenestrations may extend along a lower surface of the device at
least a portion of the chamber. The resistance to deflection of the deflectable outer portion can
be configured such that the outer portion deflects inward toward the cornea when the eyelid
closes to pump tear liquid. The fonestrations can draw tear liquid into the chamber located under
the device when the eye opeos and the chamber can expands. The fenestrations roay extend
through the silicone or hydrogel layer to provide pumping. Alternatively or in combination, the
siticone ot hydrogel layer may cover the posterior end of the fenestrations and the deflection of
the outer portion can encourage movement of liquid and medicament along the silicone or
hydrogel. The outer portion of the device comprises a sclera coupling portion shaped to countact
the conjunctiva to define the chamber when the device 15 placed on the eye. The fenestrations
and sclera coupling portion of the device can pass tear liquid away frorn the chamber when the
eve closes and pressure of one or more eyelids urges the device toward the cornea such that the
chamber volume decreases. In certain embodiments, opening of the ¢ye so as to scparate the
eyelids reduces pressure on the outer portion of the device such that the outer portion of the
device over an outer portion of the cornea can separate from the cuter portion of the cornea so as
to draw liquad through the fenestrations and into the chamber located under the device. The
sclera coupling portion of device may contact the conjunctiva to inhibit the flow of tear liguid
under the sclera coupling portion when the eye opens and tear liquid 1s drawn through the
fenestrations, for example with formation of a seal where the device contacts the conjunctiva.
When the eye blinks subsequently, the pressure of the one or more evelids can urge the device
toward the coroea such that tear liguid can pass through the fenestrations, and the sclera coupling
portion may separate slightly from the conjunctiva to pass tear liquid under the sclera coupling

portion, so as to rinse the cormnea, the lirabus, the conjunctiva and the underside of the device
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with the pumped tear liquid. The device may comprise a material having high oxygen
permeability such as silicone such that the device may provide improved tear flow and high
oxygen permeability, This improved flow of tear hiquid can allow the device such as a contact
lens to be worn for an extended tivoe of at least about one week, for exarple tharty days or sixty
days or more. The improved tear flow can improve healing and vision of eyes with cpithelial
defects, for exaraple epithehial defects following PRK. Twproved tear flow can also maintain

health of the eye and facilitate longer wear.

{6010} In certain cmbodiments, a device comprises an inner optical component for vision, such
as a lens, and an outer couphing component to hold the nver comiponent in relation to the pupil to
improve vision. The coupling component may comprise a deflectable material that inhibits
passage of the tear liquid through the material such that the tear hiquid passes through the
fenestrations when the eye blinks and an eyelid exerts pressure on the optical component. The
outer coupling component may comprise the fenestrations to pass the tear liquid and the outer
sclera coupling portion to contact the conjunctiva. The optical component may comprise a first
material and first thickness corresponding to a first rigidity. The coupling component may
comprise a second material and a second thickness corresponding to a second rigidity. The
second material can be softer than the first material and the second thickness can be ess than the
first thickness such that the coupling coraponent can be deflecied with the eyehid, and such that
the coupling component can be deflected by an amount greater than the optical compounent when
the cyelids close to cover the first coraponent and the second component. The optical component
can be more rigid than the coupling component, such that the optical component can provide

vision when the outer portion is deflected with one or more eyelids.

{6011} The alignment of the optical coraponent to the pupil provided with the coupling to the
conjunctiva and underlying sclera can be beneficial for vision, In certain embodiments, the
optical component can be held at a substantially fixed location in relation to the pupil so as to
provide iraproved vision such as presbyopia correction and vision correction of aberrations that
may depend on location of the pupi! such as measured wavefront aberrations, spherical

aberration, coma, and trefoil.

[8612] The optical component and the coupling componeut can be helptul to improve vision

and regeneration of the epithelium in cyes with epithelial defects. The optical component can
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srooth the cornea and may smooth irregularitics of the epithelium and ablated stroma. The
coupling component can support the optical component so as to resist sliding movement of the
optical component and provide an environment to promote regeneration of the epithelium. The
pumping of the tear ligoid voay improve tear How to the regencrating epitheliuro near the
epithelial defect so as to promote regeneration of the epithelium over the defect. The pumping of
the tear liquid can also prorote delivery of a medicament, for example a steroid, to the ablated

region so as to inhibit corneal infiltrates and haze.

{6013} In a first aspect, ophthalmic lens for correcting a refractive crror of an eye are provided,
the eye having a cornea with an epithelium providing a refractive shape extending across an
optical region of the cye, the ophthalmic lens comprising: an inner gptic portion configured to be
disposed over the optical region of the cornea; a posterior surface extending along the inner
portion adjacent the eye when the inner portion is disposed over the optical region, the inner
portion configured so that engagement of the posterior surface against the cye deforms the
posterior surface and so that the posterior surface has a shape diverging from the refractive shape
of the epithelium when viewing with the eye through the ophthalmic lens; a peripheral portion of
the ophthalmic lens disposed radially outward of the inner portion; and an anterior surface of the
ophthalmic lens extending along the inner portion opposite the posterior surface so that viewing

with the cye through the ophthalmic lens mitigates the refractive crror,

[6614] Ip a secound aspect, methods for selecting an ophthalwic lens for correcting a refractive
error of an eye of a patient are provided, the eye having a cornea with an epithelinm providing a
refractive shape, the method coraprising: determining a desired spherical power so as to mitigate
any spherical component of the refractive error; and identifying, from among a plurality of
alternative ophthalmic lenses having differing spherical powers, a sclected ophthalmic lens so a8
to provide: an anterior surface corresponding to the desired spherical power, the anterior surface
extending along an inner portion of the ophthalmic lens, wherein the inner portion of the
ophthalmuc leos s characterized by a thickness frow about 100 um to about 900 o and a
peripheral portion of the ophthalmic lens has a rigidity lower than a rigidity of the inner portion;
wherein the ophthalmic lens is configured to allow movement relative to the eye upon blinking
of the cye and to be substantially centered on the optical region of the cornea following the

blinking of the cye.
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[B015] In a third aspect, methods for correcting a refractive error of an eye are provided, the
eye having a cornea with an epithelivim providing a refractive shape extending across an optical
region of the cornea, the method comprising: positioning an ophthalmic lens on the cye so that
an inner portion of the ophthalmic leus is disposed over the optical region of the cornea, wherein
a posterior surface of the positioned ophthalmic lens extends adjacent the eye and s deformed by
the eptthelium of the eye; and viewing with the eye through an asterior surface of the ophthalmic
iens while a shape of the posterior surface diverges from the refractive shape of the epitheliuvm so

that the ophthalmic lens mitigates the refractive error.

[8616] In a fourth aspect, seis of alternatively selectable ophthalmic lenses for correcting
refractive errors of eyes in a population of patients are provided, cach eye having a comea with
an epithelium providing 4 refractive shape, the set comprising: a plurality of alternative
ophthalmic lenses having differing spherical powers, each ophthalmic lens comprising: an
anterior surface corresponding to an associated desired spherical power, the anterior surface
extending along an inner portion of the ophthalmic lens, wherein the inner portion of the
ophthalmic lens is deformable; and a peripheral portion of the ophthalmic lens extending radially
outward froro the inner portion, the peripheral portion characterized by a vigidity lower than a
rigidity of the inner portion and configured for engaging tissue outside an optical region of the

eye so as to support the inner portion in aligiiment with the optical region.

(86171 In a fifth aspect, ophthalmic lens for correcting a refractive error of an eye are provided,
the cye having a cornea with an epithelium providing a refractive shape extending across an
optical region of the eye, the ophthalmic lens coraprising: an inver optic portion configured to be
disposed over the optical region of the cornea; a posterior surface extending along the inner
portion adjacent the eye when the mner portion 1s disposed over the optical region, the inner
portion configured so that engagement of the posterior surface against the eye deforms the
posterior surface and so that the posterior surface has a shape diverging from the refractive shape
of the epithelium when viewing with the eye through the ophthalmic lens; a peripheral portion of
the ophthalmic lens disposed radially outward of the inner portion; and an anterior surface of the
ophthalwmic lens extending along the mner portion opposite the posterior surface so that viewing
with the eye through the ophthalmic lens nutigates the refractive error; wherein the inner optic

portion is characterized by a thickness from 100 wm to 900 um , and by a modulus from about 10
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MPa to about 1,000 MPa, and a rigidity from about 4E8MPa-pm’ to about 1.2E10MPa; and
wheretn the anterior surface is characterized by a spherical profile without a cylindrical

componesnt.

{6018} In a sixth aspect, crnbodiments of the present invention provide a device to tfreat an eye
of a patient. The eye has a tear liquid, a pupil, a cornea, and a conjunctiva. The device
compriscs an optical component to correct vision of the cye and a coupling componcent. The
optical coraponent comprises a first rigidity sufficient to resist deformation when placed on the
eye. The coupling component contacts the cornea and the conjunctiva and supports the optical
coraponent in relation to the pupil. The coupling component comprises an outer portion sized to
contact the conjunctiva, an inner portion to couple to the optical component, and an intermediate
portion extending between the inner portion and the outer portion. One or more of the optical
component or the coupling component comprises a phurality of fenestrations to pump the tear

liquid when the eye blinks.

{8019] In certain embodiments, a device comprises an inner portion comprising the optical
component and an outer portion comprising the coupling component. An outer portion of the
device may comprise an mntermediate portion of a coupling componcent and an outer portion of

the coupling component.

BRIEF DESCRIPTION OF THE DRAWINGS
{8026] FIG. | shows an eye suttable for use with an ophthalmic device as described herein, in
accordance with embodiments of the present mvention.
{66211 FIG. 1-1A shows an ablated eye immediately following refractive surgery resulting in
an epithelial defect, suttable for reroediation n accordance with embodiments of the present
nvention.

{6022] FIG. 1A1 shows a device positioned on an eye and blinking of the eye, in accordance

with embodiments of the present invention.

{6023} FIG. 1A2 shows the device of FIG. 1AT that is capable of puraping tear liquid under

the device, in accordance with embodiments of the present invention.



WO 2013/184239 PCT/US2013/037219

[8824] FIG. 1A3 shows a schematic illustration of the devices of FIG. 1A and FIG. 1A2
pumping tear ligquid when the eye closes, in accordance with embodiments of the present

invention,

{§025] FIG. 1A4 shows a schematic illustration of the device of FIG. 1AT and FIG. 1A2
pumping tear iquid when the eye opens, in accordance with embodiments of the present

invention.

{8026] FIG. 1B shows a device having a tricurve profile to fit the sclera of an cye, which
device may be used to fit an ablated cornea, in accordance with embodiments of the present

invention,

{6027} FIG. 1B shows a device having a tricurve profile to fit the sclera of an eye with slopes
of the curved profiles aligned so as to inhibit ridges at the boundaries of the curved portions, in

accordance with embodiments of the present invention.

{6028] FIG. 1B2-1 shows alignmaent of the slope of the lower surface of the corneal contacting
portion with the slope of the lower surface of the sclera coupling portion, such that pressure to

the himbus 1s decreased substantially, in accordance with embodiments of the present invention.

{6029] FIG. 1B3 shows a tapered edge of the device of FIG. 1BI, in accordance with

embodiments of the present tovention.

{6036] FIG. 1B4 shows a plan view device having a tricurve profile to fit the cornea, Himbus,
and sclera with slopes of the curved profiles aligned so as to inhibit ridges at the boundarics of
the curved portions, 1o accordance with embodiments of the present invention.

{6031} FIG. 1B3 shows a side sectional view of the device of FIG. 184 and corresponding
curved portions to couple to the cornea, hmbus, and sclera, in accordance with embodiments of

the present tnvention.

{8032] FIG. 1B6 shows a side sectional view of the device of FIG. 1B4 and corresponding

curved portions of the upper surface, in accordance with embodiments of the present invention.

[8033] FIG. 1B7 shows a tapered edge of the device of FIG. 1B4, in accordance with

embodiments of the present invention.
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{8034] FIG. 1C shows a device comprising a single picce of matenial having an inner thickness

greater than an outer thickness, in accordance with embodiments of the present invention.

{B035] FIG. 1C1 shows a device as in FIGS, 1-2A to 1B2 having an inner portion comprising
an inner thickness and an mner material and an outer portion comprising an outer thickness and
an outer material, in which the inner thickness is greater than the outer thickness, in accordance

with embodiments of the present invention.

{8036] FI1G. 1C2 shows a device as in FIGS. 1-2A to 1B2 having an inmer portion comprising
an inner thickness and ap inner material and an outer portion comprising an outer thickuess and
an outer raterial, in which the 1nner thickucess is greater than the outer thickness and the outer
material extends around the tnuer material, in accordance with embodiments of the present

invention.

{60371 FI1G. 1C2A shows a device as 1n one or more of FIGS. 1-2A to 1B7 having a layer of
silicone or hydrogel material on a posterior surface of the device, in accordance with

embodiments of the present invention.

{6038} FIG. IC2B shows a device as in onc or more of FIGS. 1-2A to 1B7 having a layer of
silicone or hydrogel matenial ou a posterior surface of the device extending less than a maximum
distance across the device such that end portions of the device are configured to engage the
epitheliom of the eye away from the sihicone or hydrogel layer and 1ohibit woovement of the

device when placed on the eye, in accordance with embodiments of the present invention.

(6039] FIG. 1C2C shows a device as in one or more of FIGS. 1-2A to 1B7 having an anmular
layer of silicone or hydrogel material on a posterior surface of the device such that an inne
portion of the device contacts the cornea away from the silicone or hydrogel layer and an outer
portion of the device contacts the cormnea away from the device when placed on the eye, in
accordance with embodiments of the present invention.

{B0408] FIG. 1C3 shows a shows a device having a tricurve profile to fit sclera with slopes of
the curved profiles aligned so as to inhibif ridges at the boundarics of the curved portions as in
FIG. 1B2 and having a layer of silicone or hydroge! material on a lower surface, in accordance

with embodiments of the present invention.

10
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{8041} FIG. 1C4 shows a plan view device having a tricurve profile to fit the cornea, Hmbus,
and sclera with slopes of the curved profiles aligned so as to inhibit ridges at the boundaries of
the curved portions as in FIG. 1B4 and having a silicone or hydrogel material on a lower surface
extending less than a mwaximum distance across the device to engage the conjunctiva with the
device away from the silicone or hydrogel material, in accordance with embodiments of the
preseut mvention.

{8042] FI1G. 105 shows a fenestration having a posterior end covered with a layer of silicone
or hydroge!l extending along the posterior surface of the device, in accordance with embodiments
of the present invention.

[8043] FIG. 106 shows a fenesiration extending through a layer of silicone or hydrogel
extending along the posterior surface of the device, in accordance with embodiments of the
preseut mvention.

{8044] FIG. 1D shows a device comprising channels extending radially outward along a lower
surface of the device, in accordance with embodiments.

{6045} FIG. IE shows a device comprising channels extending radially inward along a lower
or posterior surface of the device, in accordance with erabodiments.

[8046] FIG. 1F shows a test apparatus to measure deflection of a portion of a lens in response
to a load, in accordance with embodiments.

[8047] FIG. 2A shows a device comprising a contact lens placed on the eyve with the eyelids
separated, in accordance with embodiments.

{B048] FIG. 2B shows a profile view of the device of FIG. 2A with the eyelids closing, in

accordance with embodiments.

{8049] FIG. 2C shows a front view the device of FIG. 2A with the cyelids closing, in

accordance with embodiments.

[8056] FIG. 2D shows side profile of the device of FIG. 2A with the eyelids opening, in

accordance with embodiments.

i1
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{8051] FIG. 2E shows a device comprising a contact lens placed on the eye such that the
device is supported with an inner portion of the cornea and the conjunctiva with the device
separated from an outer portion of the cornea so as to define a chamber when the eyelids are

separated, 1o accordance with embodiments,

{66521 FIG. 2F shows a profile view of the device of FIG. 2E with the eyelids closing, in
accordance with embodiments.

[8053] FIG. 2F1 shows a profile view of the device of FIG. 2F with rotation of the eye when
the hids close such that sliding of the device along the epithelium is inhibited when tear liquid is
pumped, in accordance with ermbodiments.

{6054] FIG. 2G shows a profile view of the device of FIG. 2E with the eyelids opening, in
accordance with embodiments.

{8085] FIG. 2H shows a profile view of the device of FI(G. 2E with the eyelids located at an
ntermediate location such that the charnber comprises an intermediate volume, in accordance
with ersbodiments.

{B056] FIG. 21 shows a profile view of the device of FIG. 104 placed on the eye with silicone
or hydrogel contacting the eye, in accordance with embodiments.

{6057} FIG. 3A shows a device positioned on cornca an eye having an opithelial defect, in
accordance with embodiments.

{8658] FIG. 3B shows a device in a first configuration prior to placement on cornea of an eye
having an epithehial defeet, in accordance with embodiments.

{6059]  FIG. 3C shows the device of FIG. 3B placed on the eye having a second configuration,
in accordance with embodiments.

{6060] FIG. 4A shows a mold suitable to form an optical component of a device.

{6061} FIG. 4B shows a mold suitable to form a device comprising the optical component of

FIG. 4A.

[8662] FIG. 4C shows amold suitable to form a device comprising the optical component of

FIG. 4A and a layer of a soft material of the device.
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{8063] FIG. 4D shows a roold to form a device and having a solid inner component comprising
the rigid material placed therein prior to injection of a flowable material, in accordance with

embodiments of the present invention.
{6064] FIG. 4E shows formation of fenestrations i a dovice with energy, in accordance with
embodiments of the present invention.

[8665] FIG. 4F shows spin coating of a silicone or hydrogel material on a posterior surface of

the device, in accordance with embodiments of the present mvention.

{8066] FI1G. 4G shows chemical vapor deposition on the device having the silicone or hydrogel

material formed thercon, 1n accordance with embodiments of the present invention.

{6067} FIG. 4H shows a device comprising the silicone or hydrogel material packaged in a
container, in accordance with erabodiracnts of the present invention.

[8068] FIG. 5 shows a device in accordance with certain embodiments.

{8069] FIG. 6A shows views of radials for an example of a hard lens positioned on an
astigmatic cye.

{68701 F1G. 6B shows views of radials for an example of a soft lens positioned on an
astigmatic cye.

{6871] FIG. 6C shows views of radials for an example of a device according to certain
embodiments of the present invention positioned on an astigmatic eye.

{6072} FIG. 7 shows a cross-sectional view of an ophthalmic device according to certain
erbodiments of the present disclosure.

{66731 FIG. 8A shows the average spherical lens corrected visual acuity (LogMAR) for a
population of paticuts having eyes with 1.23DC to 2.00DC uncorrected cylindrical error and
wearing an ophthalmic lens provided by the present disclosure characterized by different
thickness of the inner optical region.

{6074] FIG. 8B shows the percent of patients in a population of paticnts having a visual acuity

of tess than 20/25 or less than 20/20 when wearing ophthalmic leuses provided by the present
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disclosure having different thicknesses and where the patients have eyes with uncorrected

cylindrical error of 1.25DC to 2.00DC.

{BG75] FIG. 9A shows the average spherical lens corrected visual acuity (LogMAR) for a
population of patients having cyes with 2.25DC to 3.00DC of uncorrecied cylindrical crror and
wearing an ophthalmic lens provided by the present disclosure characterized by different

thickness of the inner optical region.

{8076] FI1G. 9B shows the pereent of patients in a population of patients having a visual scuity
of less than 20/25 or less than 20/20 when wearing ophthalmic lenses provided by the present
disclosure having different thicknesses and where the patients have oyes with uncorrected

cyhindrical error of 2.25DC to 3.00DC.

{86771 FIG. 10A shows a comparison of the comfort score for patients wearing an ophthalmic
lens provided by the present disclosure having different thicknesses of the inner optical portion
compared to the comfort score for patients wearing coromercially available toric contact lenses

for astigmatic correction.

{6078} FIG. 10B shows histograms of the percent of patients having a comfort score equal to
or greater than 8 and a comfort score equal to or greater than 9 after wearing an ophthalrc lens
provided by the present disclosure with different inner optical region thickness for 30 minutes.
{80791 FIG. 11 shows the expertmental configuration for measuring flexure of the inner
portion of an ophthalmic lens according to ISO 18369-4.

{6080} FIG. 12 is a graph showing the force (gm) required to flex certain embodiments of an
inner portion of an ophthalmic lens provided by the present disclosure having different cross-

sectional thicknesses.

[6081] FIG. 13 15 a histogram comparing the force (gm) required to flex an inner portion of
ophthalmic lenses provided by the present disclosure by 1% with two commercially available
lenses used to correct vefractive error.

{B082] FIGS. 14A-14C shows cross~-sectional profiles for three examples of ophthalmic lenses

provided by the present disclosure.
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[6083] FIGS. 15A and 15B shows perspective and cross-sectional views, respectively, of an

ophthalmic lens for correcting refractive error according to certain embodiments.

{B0384] Reference is now made in detail to embodiments provided by the present disclosure.

The disclosed ermbodiraents are not intended to be himiting of the claims,

DETAILED DESCRIPTION OF THE INVENTION
{6085] Embodiments of the present invention as described herein can be combined with a
therapeutic ¢ device for pain management and vision as described in U.S. Apphlication No.
127384, 659, filed on April 6, 2009, the full disclosure of which is incorporated by reference and
is suitable for combination in accordance with some cmbodiments of the present invention as

described herein.

{6086] An ophthalmic device or device encompasses both ophthalmic coverings and
ophthalmic lenses. As used herein, a covering 18 used to refer to an ophthalmic device that covers
an eye of a patient and that does not by ttself provide refractive vision correction. Ophthalmic
devices that provide refractive correction are referred to herein as contact lenses or ophthalmic
lenses. A lens may include certain features as disclosed herein for coverings and coverings roay

include certain features as disclosed herein for lenses.

{60877 The embodiments described herein can be used to treat eyes in many ways with a
device such as a contact lens. A device described herein can be used for long term vision
correction with extended wear contact lenses that inhibit swelling of the cornea when the device
1s positioned on the eye for an extended period, and may also be cornbined with roany forms of

ocular surgery, such as photorefractive keratectomy.

{B088] As used herein, mathematical equations and scientific notation can be used to identify
values in many ways understood by a person of ordinary skill 1o the ant, for exaraple so as to
express data in accordance with notations used in many commercially available spreadsheets
such as Excel ™ commercially available from Microsoft. As used herein the symbol “E” can be
used to express an exponent in base 10, such that 1ET equals about 10, 2E1 equals about 20, and
4E2 equals about 400. As used herein the symbol 2 can be used to express an exponert, such

that A*B cquals A”. Units can be expressed in many ways and as would be understood by a
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crson of ordinary skill in the art, for example “m” as meters, “Pa” as the Pascal unit for
3 . 3

ressure, “MPa” as Mega Pascal.
9

{B089]  As used herein, a siloxane bond encompasses a covalent -51-0-Si- bond, for example

of a silicone elastomer.

{6090] As used herein, an on K fit of a device such as a contact lons encompasses fitting the
contact lens to the flattest meridian of the cornea and the on K fit can be flatter than the flattest
meridian within about 1.5 . For cxample, for a cornea having keratometer values (hercinafier
“K’87) of about 44D axis 90 and 4313 axis 180, the on K fit would provide a device having a
curvature corresponding to an optical power within a range from about 43D to about 41.5 D for
the region of the eye rucasured. The on K it as described herein can allow for tear liguid to form
under the device such that the tear liquid can be pumped in accordance with embodiments as

described herein,

{B091]  The optical power of the comea i Diopters (D7) can be related to the radius R of
curvature of the cornea with the formula D = (1.3375-1 VR, where 1.3375 corresponds to the
fndex of refraction of the aqueous humora. The curvature of the comea is mversely related to the
radius of curvature R such that as the radius of curvature increases the curvature of the cornea
decreases and such that as the radius of curvature decreases, the curvature of the cornea

increases.

{B092]  As used herein the terms outer portion of a lens and peripheral portion of a lens are
uscd interchangeably. The outer or peripheral portion is disposed radially around and connected
to the inner portion of a covering or lens. In general, the outer or peripheral portion tapers from
a thickness at the interface with the inner portion toward the outer or peripheral edge of the
covering or lens. The outer or peripheral portion may be further characterized by sub-portions
characterized by, for example, different radit of curvature, thickness, rigidity, and material.
Furthermore, the outer or peripheral portion is typically disposed outside the optical region of the
corncas with the covering or lens is centered on the cornea of an cye. The inner portion is also
referred to herein as the inner or optical component or button. The outer portion is also referred

to herein as the outer or coupling component.
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[6093] FIG. 1 shows an cye 2 suitable for use with the device 100 (not shown) as described
herein. In certain embodiments, device 100 comprises a contact tens. The eye has a cornea 10
and a lens 4 configured to form an image on the retina 5, and the froage can form on a fovea 5F
corresponding fo high visual acuity. The cornea can extend to a tirabus 6 of the ¢ye, and the
limbus can connect to a sclera 8 of the eye. The cye 2 has a pars plana PP Iocated near limbus 6.
A conjunctiva C of the eye can be disposed over the sclera. The lens can accommmodate to focas
on an object seen by the patient. The cye has an iris 8 that defines a pupil 9 that may cxpand and
contract n response to light. The eye also comprises a chorotd CH disposed the between the
sclera 7 and the retina 5. The eye has a vitreous bumor VH extending between the lens and the
retina. The reting 5 senses light of the image and converts the light irnage to neural pulses that

are processed and transmitted along an optic nerve ON to the brain of the patient.

{6694] FIG. 1-1A shows an ablated eye immediately following refractive surgery, for example
PREK surgery resulting in an epithelial defect. The device comprising a contact ons as described
herein can be placed over the ablated cormnea and coupled to the conjunctiva to provide improved
vision. The cye Z compriscs an iris § that defines a pupil 9, through which light passes such that
the patient can see. Coroea 10 wchudes an epithelium 12 disposed over a stroma 16, The
epithelium 12 comprises a thickness 127 that can be about 50 ym. A tear liguid covers the
anterior surface of epitheliom 12, Tu at least humans, priraates and some birds, 4 Bowman's
membrane 14 is disposed between epithelinm 12 and stroma 16. Bowman's membrane 14
compriscs an acellular substantially collagenous tissue with a thickness of about 5 to 10 microns.
Stroma 16 comprises a substantially collagenous tissue with keratocytes disposed therein. In
some animals, Bowman's membrane roay be absent and the epitheliura may be disposed adjacent
to the stroraal layer. Au endothelium 1R 18 disposed under siroma 16, Endotheliuro 18
compriscs a layer of cells that pump water from cornea 10 toward iris 8. Tear liquid also covers
surfaces of the cornea that are exposed by the eptthelial defect, such as aun exposed surface of

Bowman's membrane and an exposed stromal surface.

{B095]  With refractive surgery, for example PREK, the epithelium can be removed to ablate a
refractive correction into Bowman's merbrane 14 and/or stroma 16, Av initial profile of the
anterior surface of stroma and/or Bowman's membrane is ablated to an ablated profile 20 to

correct the patient’s vision. The profile of tissue removed to correct vision 1s described in ULS,
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Patent No. 5,163,934, entitled "Photorefractive keratectomy”, the disclosure of which may be
suitable for combination in accordance with some embodiments of the present invention
described herein. Ablated protile 20 generally coraprises an optical zone that extends across the
cornea to correct refractive error of the eye and may correct aberrations of the eye, for example
wavefront aberrations. Ablated profile 20 is bounded by boundary 20B that may circumscribe
the ablated profile. The ablation profile 20 coraprises a meaximum dimension across, for example

a diameter 20D,

{6096] The cpithelium may comprise an inner boundary that moves centripetally inward as

indicated by arrows 30,

16097] In certain embodiments as described herein, frregularities of the cornea are decreased
when the epithelium regenerates 50 as to provide one or more of improved vision or comfort.
The devices as described herein can be configured so as to decrease an effect on vision of

corneal irregularities.

{6098} FIG. 1Al shows device 100 positioned on a blinking eye. An upper lid and a lower lid
can blink over the eye. Work in relation to ernbodiments suggests that the upper hid can exert a
downward moverment 22A and that the lower Hd can exert an upper movement 228 on the eye.
The downward movement 22A can be greater than the upper movement 22B. The wettable
coating material as deseribed herein can decrease force and movement transferred from the hids

to the device so as to inhibit motion of the device.

[6099] FIG. 1A2 shows the device of FIG. 1AT that is capable of puraping tear liquid under
the device. The device 100 has inner portion 110 and outer portion 120, and fenestrations 100F
extending through the thickness of the device on the outer portion so as to allow tear hiquid TL to
move through the device, which may comprise a medicament. The medicament may comprise

an anesthetic, an analgesic, or gther medication, for example.

{61006} The device 100 compriscs an optical component 100A and a coupling component
100B. The optical component 100A way comprise an mmner portion 110 of device 100 and the
coupling component 100B may comprise an outer portion 120 of device 100, The optical
component 100A comprises rigidity sufficient to resist deformation such that the optical

component 100 can correction vision of the eye. The optical component 100A may comprise a
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single layer of material, or g plurality of layers of materials. The coupling component 100B may
comprise a rigidity less than optical component 100A, such that the coupling component can one
or nore of deflect or elastically deform so as to conform to the cornca when covered with the
evelid. The coupling component 1008 may comprise an inner corponent 10081 to couple to
the optical component, an outer portion 10083 to couple to the sclera, and an intermediate
portion 16082, The intermediate portion 10082 can extend between the inner compounent 10081

and the outer component 100B3 so as define a chamber when placed on the eye.

{6101} The optical component 100A and the coupling component 1008 can pump tear liguid to
the cornea when the eye closes and opens, for exarple when the eye blinks. The outer
component 1008 comprising outer portion 120 may comprise fenestrations 100F. For example,
the intermediate portion 100B2 may comprise fenestrations 100F. The outer portion 120 may
comprise outer portion 100B3 comprising a sclera coupling portion 130 to contact the
corjunctiva over the sclera and peripheral portion 120P. The scicra coupling portion 130 may
comprise a thin flange portion extending to the peripheral portion 120P. The sclera coupling
portion may comprise a thin clastic portion capable of elastic deformation when the eye blinks to
allow the optical component to move downward. Alternatively or in combination, the outer

portion 120 may comprise a rigidity sufficient to deflect when the eye blinks.

{6102} FIG. 1A3 shows a schematic illustration of the device of FIGS. 1AT and 1A2 pumping

tear liquid when the eye closes, 1n accordance with certain embodiments of the present mvention.

{8163] When placed on the eye, the device 100 can define a chamber with the lower surface of
the device extending along the cornea, the limbus and conjunctiva over the sclera. When the
eyelids are separated, the device 100 1s held loosely on the eve with slight pressure from the
eyelids extending under the outer portion of the device. When the eye blinks, the lids extend
over the outer portion 120 of the device and inner portion 110 so as to exert pressure on the
device such that the device is urged downward toward the cornea and the volume of the chamber
under the device 18 decreased. The downward movement of the optical component 100A of the
inner portion 110 of the device 100 can move the device downward so as to pass pumped tear
fiquid 100TL through the fenestrations, and in certain embodiments the pumped tear liquid

TO0TL can pass under the peripheral portion 120P.

19



WO 2013/184239 PCT/US2013/037219

{6104] FIG. 1A4 shows a schematic tustration of the device of FIG. 1AT and 1AZ pumping

tear liquid when the eye opens, in accordance with embodiments of the present invention.

{B105] When the eyelids open, the pressure on the device is decreased, such that the device can
move away from the cornea and increase the volume of the chamber. The moveraent of the
optical portion 100A away from the cornea can draw pumped tear lignid 100TL into the device
through the fenestrations, and contact of the peripheral portion 120P and sclers couphing portion
130 with the conjunctiva can inhubit flow of tear liquid under the peripheral portion 120P. In
certain embodiments, the peripheral portion 120P and sclera coupling portion 130 can contact the
conjunctiva so as to form a seal when the eyelids open and the optical portion 100A moves away

from the cornea.

{8106] The fenestrations 100F can be located away from the optical component, for example
about 3.5 mm to about 4.5 ror from a center of the optical component to decrease optical
artifacts of the fonestrations 100F. However, the fenestrations may be located within the optical
cornponent when of a sufficiently small diameter and sufficiently fow so as to not produce
perceptible visual artifacts. The fenestrations may comprise a pattern to indicate the ortentation
ot the device 100 on the cornes. For example the upper fenestrations and lower fenestrations
may indicate a 90 degree axis on the patient and horizontal fenestrations can be provided to
indicate the location of the 180 degree axis on the eye of the patient. The fenestrations may
coraprise additional fenestrations to be located juferiorly to mdicate that the device 18 ot flipped
by 180 degrees on the patient, for example upside down. The additional inferior fenestrations
may also couple to the rivalet comprising tear Hiqud that forms near the lower lid, so as to
facilitate pumping of tear liquid. For example, when the eye blinks the lower lid may extend
over the inferior fenestrations and the upper hid may extend downward to couple to the lower
rivalet. When the eye opens and the eyelids separate the upper eyelid can draw tear Hguid of the
rivulet over the upper fenestration and the lower eyelid can move inferiorly so as to pass the
rivulet over the inferior rivulets.

{B107] A device may comprise one or more of many optically clear materials, for example
synthetic materials or natural material such as collagen-based materials, and combinations
thereof, such as described in U.S. Publication No. U.S. 2010/0036488. For example, a device

may comprisc a naturally occurring material, such as collagen-based material. Alternatively or
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in corabination, g device material may comprise 4 known synthetic material, for example
hydroxyethyl methacrylate (HEMA) hydrogel, hydrogel, silicone hydrogel, silicone, for example
hydrated silicone and dertvatives thereof, For example the optically clear material may comprise
one or more of silicone, silicone hydrogel, siticone comprising resin, silicone comprising silicate,
acrylate, collagen, or a combination of any of the foregoing. The cured silicone may comprise
siticone that is two-~part, heat-curable and RTV (roors teraperatore vulcanized). For example,
polydimethyl siloxane such as NuSil, or poly(dimethyl} (diphenyl) siloxane may be used to mold
the device, for example with less than 10% water content so as to increase oxygen diffusion
through the device. A device may comprise perfhuoropolyethers or fluorofocal. The material
may comprise, for example, silicone clastomer having optically clear silicate disposed therein
and a water content of no more than about 10%, for example no more than about 5%, or no more
than about 1%, such that the device has a very high Dk exceeding 150 and in certain
embodiments exceeding 300, and the silicone lens comprising silicate can be treated to provide a
wettable surface. A device may comprise hydrogel, for example silicone hydrogel, or silicone
and can be formed with a water content within a range from about 5% to about 35% and a
modubus within a range or a combination of ranges from about 8.1 MPa to about 40 MPa, such
that the device conforms at least partially to the anterior surface of the cornea. In certain
embodiments, devices provided by the present disclsoure do not contain water and provide a
barrier for the flow of fluid across the device. For example, when apphied to the cornea, devices
minimize or prevent the flow of fluid from the cornea and the flow of fluid such as tea fluid from
the outer surface of the device to the cornea. The devices provide a fluid seal and the material or
materials formoing a device are selected to minimize or prevent rooisture iransport across the

device thickness.

{6108] In certain embodiments, the materials forming devices provided by the present
disclosure are characterized by a high oxygen permeability (Dk, cm” -mL Oy/sec - mik - mm Hg)
such as from 100 o 500, from 200 to 500, from 250 to 450, from 300 to 400, and 1n certain
embodiments, about 350. In certain embodiments, devices provided by the present disclosure are
characterized by a high oxygen permeability (Dk) such as at least about 250, at least about 300,

at least about 350, and in certain ernbodiments, at least about 400,
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[B109] A device may comprise silicone or silicone hydrogel having a low ionoporosity. For
example, a device may comprise silicone hydrogel or silicone comprising a low ion permeability,
and the range of water can be from about 5% to about 35%, such that the Dk is 100 or more. In
certain embodiments, the low lon permeability may comprise an lonoton fon Permeability
Cocfficient of no more than about 0.25 x 107 em’/sec, for example no more than about 0.08 x
107 cmz/’sem In certain emabodiments, the low ion permeabﬂiw comprises an Ionoton lop
Permeability Cocfficient of no more than about 2.6 x 10 mm”/min, for example no more than

about 1.5 x 10 mm*/min.

(B118] A device 100 may comprise a wettable surface coating 134 disposed on at least the
upper side {anterior surface} of the device, such that the tear filin of the patient is smooth over
the device and the paticnt can sce. The wettable surtace coating may comprise a lubricious
coating for patient comfort, for example to tubricate the eye when the patient blinks. The
wettable coating may coraprise a contact angle no more than about 80 degrees. For example the
coating may comprise a contact angle no more than about 70 degrees, and the contact angle can
be within a range from about 55 to 65 degrees to provide a surface with a smooth tear layer for
vision. For example, the wettable coating can be disposed both an upper surface and a lower
surface of the device. The upper surface may comprise the wettable coating extending over at

icast the mner portion 110.

{6111} A wettable coating 134 may comprise one or more of many roaterials. For example, the
wettable coating 134 may comprise polyethylene glycol (PEG), and the PEG coating can be
disposed on Parylene™™. Alternatively, the wettable coating 134 may comprise a plasma coating,
and the plasma coating may comprise a luminous chemical vapor deposition (LCVD) film. For
example, the plasma coating comprisces at least one of 4 hydrocarbon, for example CHy, Os or
fluorine containing hydrocarbon, for example CFy coating. Alternatively or in combination, the
wettable coating may comprise a polyethyvience glycol (PEG) coating or 2-
hydroxyethylethacrylate (HEMA). For exaruple, the wettable coating may comprise HEMA
disposed on a Parylene ™ coating, or the wettable coating may comprise N-vinylpyrrolidone

(NVP) disposed on a Parylene’ " coating.

{6112} The device 100 may comprise a base radius R1 of curvature corresponding to a

curvature of a central portion of the cornea. The device 100 comprises a first configuration
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100CT when placed on the cornca and the cyelids are spaced apart and a second configuration
100C2 when placed on the cornea and the blinks such that the eyelids. The first configuration

106CT and the second configuration 100C2 pump tear liquid under the device 100.

{6113] The device 100 may comprise a lower surface corresponding to one or more of many
suitable shapes to fit the device to the comea, such as a natural unablated cornea or an ablated
cornea following refractive surgery such as PRK. The lower surtace of the inner portion 110 of
the device 100 may correspond to base radius of curvature. With post-ablation corneas, the
device can resist deformation and smooth the epithelium over about 3 m and may deflect so as
conform substantially to the ablated cornea over a larger dimension such as 6 maim. The device
may comprise a second curve in combination with a first curve, such that the lower surface
compriscs a bicurve surface. Alternatively, the lower surface may correspond to an aspheric
surface. For example an aspheric surface may comprise an oblate shape and conic constant to fit
a post PRK eye. The curved and aspheric surfaces as described herein can fit non- ablated cyes
and the device can be selected by based on the curvature of an un-ablated central region of the
cornca. Also, it may be helpful to identity a device that fits the comnea, for example with

selection of one device fromw a plurality of sizes.

{6114] A device 100 may comprise an inner portion 110 having an optical component T 100A.
The optical component 100A may comprise an inner portion 110 of the device 100. The optical
coraponent may have a modulas within a range from about 5 MPa to about 40 MPa, and a
thickness within a range from about 100 pm to about 300 pm such that the central portion can
have sufficient rigidity to resist deformation and smooth ircegularities and correct vision. A
device may comprise an elastomeric stretchable material such that the device can stretch to fit
the comnea, for cxample. A device having the modulus within a range from about 4 MPa to about
40 MPa can be formed in many ways as described herein. For example, the device may
comprisc a single picce of material having a non-uniform thickness extending across the cornea.
A device can be shaped in many ways and may comprise a single piece of one material, or may
comprise a single piece composed of two sitnilar materials, or may comprise a plarality of
materials joined together.

{0115] FIG. 1B1 shows device 100 baving a tricurve profile to fit a sclera and cornea. The

tricurve profile can be used to fit an unablated natural eye, in which the base curvature R1

N
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corresponds to the optically used central portion of the cornca. For ablated corncas, the base
curvature R1 may correspond to the ablated comea. The tricurve device may comprise an inner
portion with an mner lower surface having radius of curvature R1 and an outer portion
coraprising an outer lower surface having radius of curvature R1B. The outer portion 130 may
comprisc the sclera coupling portion 130 having a third radius of curvature R1C sized to fit the
conjunctiva located over the sclera and contact the conjunctiva so as to inhibit sliding wovement
of inner portion 110, Work in relation to embodiments suggests that coupling to the sclera may

improve alignracnt of the lons on the cornea.

[8116] The device 100 having the tricurve profile may coraprise dimeusions sized to {it the
cornea and sclera of the eye 2. The device 100 having the at least a tricurve profile may
comprisc an inner portion |10 and an outer portion 120 as described herein. The outer portion
120 may comprise the third sclera coupling portion 130 having curvature R1C shaped to fit the
sclera of the eye, for example shaped so as to contact the conjunctiva of the eye such that the
conjunctiva is located between the sclera and the sclera coupling portion 130, The inner portion
110 may comprise a dimension 102 and the outer portion 120 may comprise a dimension 104 as
described heretn. The device 100 may comprise a sag height 105 extending between an upper
location of the inner portion 110 and the outer boundary of outer portion 120 shaped to fit the

cornea. The scicra coupling portion 130 may coraprise a dimaension across 103,

{81171 The dimension 102, the dimension 104, the dimension 103, the dimension 105 and the
dimension 1058 can be sized to the eye based on measurements of the eye. The dimension 103
may correspond to an annular region of the sclera extending from the hmbus to the outer
boundary of the sclera coupling portion across a distance within a range from about 1 to 4 mim,
for example within a range from about 1.5 to 2 mm. The size of the limbus of the eye can be
measured so as to correspond to dimension 104, for example, and can be within a range from
about 11 to 13 o, The dimension 105 may correspond to 8 height of the eye from the vertex of
the coruea to the lirsbus, and the dimension 1055 may correspond to the sag height were the

guter location of the device couples to the conjunctiva device the sclera.

{6118} TThe dimension 102 may correspond to an iner region of the nataral cornca or the

diroension across an ablation. Dimension 102 may correspond to the wore rigid inner portion

{10 can be sized about 0.5 to about 2 mum less than the dimension across the ablation zone, such
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that the soft and less rigid outer portion 120 contacts the eye near the edge of the ablation and the

epithelial debridement.

{8119] The radius of curvature R1C of portion 130 can be determined so as to fit the eye, and
can be within a range from about 12 myo £ 3 yorn. The radius R1B of the outer portion can be fit

to within about £0.5 mm, for example to within about £0.25 mm.

{6128] The dimensions of the device 100 can be determined in many ways, for example with
topography measurements of the cornca and sclera. The corneal and scleral topography can be
measured with many instruments, such as with the OrbscanTM topography system commercially
available from Bausch and Lomb, and the PentacamTM Scheimpflug camera system
commercially available from Oculus, and commercially available optical coherence
tomography {OCT]). The ablation profile can be combined with the topography to determine the

shape of the cye.

{§121] The dimensions of device 100 can be sized to one or more of the cornea and sclera

based on tolerances that may be determined clinically.

{61221 The outer portion 120 and sclera coupling portion 130 may comprise a silicone or
hydrogel material, for example a silicone or silicone hydrogel material, and the mner portion 110
may comprise the rigid material 110M, for example second layer 110L2 and second material
110M2 between first layer 11011 of first material 110M1 and third layer HHOL3 of third material

110M3 as described herein.

{8123] The portions of devices as described herein, for example the inner portion and the outer
portion, may coraprise a junction wherein a first portion conmects with 4 sccond portion, and the
jonction may have the modulus as described herein. A device may comprise a contact lens
having a central lens portion having a center stiffness of at least about 2 psi-num” coupled to an

outer lenticular junction portion having a leoticular junction stiffness of at least about S psi-mm”.

(6124] FIG. 182 shows device 100 baving a tricurve profile to it sclera with slopes of the
curved profiles aligned so as to inhibit ridges at the boundaries of the curved portions, in
accordance with embodiments of the present tnvention. Ap inner portion 110 comprises the
optical component 100A and the outer portion 120 comprises the coupling component 100B. A

coupling component 100B raay comprise a thin layer of material 120M extending under the
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optical component 100A for improved comfort and support of the optical component. An outer
portion 120 comprising coupling component 100B may comprise fenestrations [00F as described
heremn, An inner portion 120 comprises first radius R1 along the lower surface and a first
anterior radius R1A along the upper surface. An outer portion 120 couples to the 1oner portion
with a second radius R1B aligned with the first radius R1A at a boundary corresponding to
dimension 102. The outer portion 120 has a secound anterior radins R1BA extending along the
anterior surface. The outer portion 120 comprising second radius R1B along the lower surface to
contact the cornca may couple to sclera coupling portion 130 at 4 location corresponding to the
limbus of the eye, for example along a boundary corresponding to dimension 104, Work in
relation to embodiments suggests that forraation of a ridge near the boundary of the cornea
contacting portion and sclera coupling portion may decrease epithelial cell migration somewhat
more than wonld be ideal, and the alignment of the curved profiles to inhibit ridge formation can
provide a smooth transition over the hmbus and may decrease mechanical pressure to the limbus.
The sclera contacting portion 130 comprises an upper surface having an anterior radius of

curvature R1CA,

{B125]  The inner portion 110 can be curved to it an ablated eye or a nov-ablated eye. The
meodulus and thickness of the sclera coupling portion can be configured in many ways to fit may
eyes with comfort and so as to resist movement of the inner portion 120, The modulus of sclera
coupling portion 130 may be 1o more than about 5 MPa and the thickness no more than about
200 wm, for example no more than 100 pm, so as to siretch substantially for comfort and resist

movement of the inner portion when the placed on the sclera.

{6126] The dimension 103 of sclera coupling portion 130 may correspond to an annular region
of the sclera extending from the hibus to the outer boundary of the sclera coupling portion
across a distance within a range from about 1 to 4 mm, such that the dimension 103 can be from

about 12 mm to about 16 mm, for example from about 14 mm to about 16 mum.

[8127] The radius of curvature R1C, thickness and modulus of the portion 130 can be
configured so as to fit the eye to resist movement of inner portion 110 and with comfort. The
radius of curvature R1C can be sized less than the radius of curvature of the sclera and
conjunctiva, For exaraple, the radias of curvature R1C can be no roore than about 10 ram, for

example no more than about 9 mm when the curvature of the sciera portion of the eye is at least
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about 12 mam for example. The third relative rigidity may comprise no more than about 4E-5 Pa-
m’” 30 as to stretch substantially for comfort and resist movement of the inner portion when the

guter portion is piaced on the sclera.

{6128} TThe thickness of the sclera coupling portion having radius of curvature R1C can vary,

tor example from a thickness of about 100 um to a tapered edge.

{6129] FIG. 1B2-1 shows alignment of the slope of the lower surface of the corneal contacting
portion comprising second radius R1B with the slope of the lower surface of the sclera coupling
portion 130 comprising radius R1C, such that pressure to the himbus is decreased substantially.
The sccond slope corresponding to second radius RIB s given by a height R1IBY and 4 length
RIBX, and the third slope correspounding to third radius RIC 18 given by height RICY and width
RICX. The second slope is aligned with the third slope such that no substantial ridge is formed
at the location corresponding to the livabus. For exaruple, the fivst slope can be substantially
equal to the second slope. The slope of the inner portion 110 can be aligned with the slope of the

second portion 120 at a location corresponding to dimension 102 in a siroilar manner.

[B1308] FIG. 183 shows a tapered edge of the device of FIG. 1B1 having a tricurve profile to fit
sclera and cornea. The sclera coupling portion 130 may comprise a flange 120F having a
narrowing taper extending a distance 120FW to a chamfer 120FE. The charofer 120FF can be
defined along an outer rim where a first convexly curved lower surface joins a second convexly
curved upper surface. The convex surfaces along the outer rirn allow the device to slide along
the conjunctiva and the narrowing taper permits the sclera coupling portion of the device to
stretch substantially and couple to the sclera and conjunctiva with decreased resistance for

comfort,

{6131}  The dimeusions of the device 100 can be determined in many ways, for exaraple with
one or more topography measurcments or tomography measurements of the cornea and sclera.
The corneal and sclera topography can be weasured with roany instruments, such as with the
OrbscanT™M topography system commercially available from Bausch and Lomb, and the
PentacamTM Scheimpflug camera system commercially available from Oculus. The
tomography can be racasured with optical coberence tomography (heremafter “OCT7) 80 as to

determine the sag height of the limbus and conjunctiva, for example with OCT measurement
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systerns comnmercially available from Zeiss/Humphrey., The ablation profile can be combined

with the topography to determine the shape of the eye.

{6132] FIG. 1B4 shows a plan view device 100 baving a multi-curve profile to fit the cornea,
limbus and sclera with slopes of the curved profiles aligned so as to inhibit ridges at the
boundaries of the curved portions, in accordance with embodiments of the present invention.
The device 100 comprises fonestrations H00F and optical component 100A for vision correction

and outer coupling coraponent 1008 that may pump tear Hquid as described herein.

{6133] FIG. 1B3 shows a side sectional view of the device of FIG. 184 and corresponding
curved portions to couple to the cornea, hmbus, and sclera, in accordance with embodiments of

the present tnvention.

{6134} The mnner portion 110 comprises optical component 100A, which may comprise
material 110M. The outer portion 120 comprises coupling component 100B, which may
comprise outer material 120M. The inner portion 110 1s coupled to the outer portion aloug a
boundary corresponding to dimension 102, The lower surface of inner portion 110 has a shape
profile corresponding to a first radius R1. The outer portion 120 couples to the inner portion
with a first outer radius RIB1 of curvature, such that the slopes are aligned as described herein at
a location corresponding to dimension 102, The outer portion 120 comprises a sccond outer
radius R1B2 of curvature coupled to the first outer radius of curvature R181. The first outer
radius RI1B1 of curvature is coupled to the second outer radius R1B2 of curvature with the slopes
aligned as described herein at a location corresponding to dimension 104A. The outer portion
120 comprises a third cuter radius RI1B3 of curvature coupled to the second outer radins of
curvature R1B2. The second outer radins R1B2 of curvature is coupled to the third outer radius
R1B3 of curvature with the slopes aligned as described herein at a location corresponding fo

dimcnsion 1048,

[$138] The first outer radius of curvature R1B1, the second outer radius of curvature RI1B2,
and the third outer radius of curvature R1B3 may comprise values determined from a patient
population. The first radius of curvature R1 may comprise a value determined based on the
patient population. Alternatively or in combination, the first radius of curvature R1 may

correspond to a post ablation profile.
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[8136] The first outer radius of curvature R1B1, the second outer radius of curvature R1B2,
and the third outer radius of curvature R1B3 can be combined or replaced with an aspheric
surface such as a conic surface. The conic surface can be determined in accordance with the first
guter radius of curvature R1B1, the second outer radius of curvature R1B2, and the third outer
radius of curvature R1B3, such that the conic surface corresponds to values determined from a

paticut population.

{8137] The sclera coupling portion 130 may have a lower surface comprising a first sclera
coupling radius R1C1 of curvature and a second sclera coupling portion having a second sclera
couphing radius R1C2 of curvature. The first sclera coupling portion comprising radius R1C1
can be aligned to the third radius R1B3 at a location corresponding to dimension 104. The
sccond sclera coupling portion comprising radius R1C2 can be aligned to the first sclera coupling
portion having radius R1C1T at a location corresponding to dimension 120FW corresponding to

an inner boundary of tapering flange 120F.

{6138} FIG. 1B6 shows a profile view of the device of FIG. 1B4 and corresponding curved
portions of the upper surface, in accordance with embodiments of the present invention. The
upper surface may comprise an inner anterior radius of curvature REA, 4 first outer anterior
radius of curvature R1B1A, a second outer anterior radius of curvature R1B2A. The sclera
coupling portion 130 may comprise a first anterior rading R1CIA of curvature and a second

anterior couphing radius R1C2A of curvatare.

[8139] FIG. 1B7 shows a tapered edge of the device of FIG. 1B4, in accordance with

embodiments of the present invention.

[6146] Fig. 1C shows device 100 comprising a device molded with a homogencous material, in
which the outer portion comprises a thickness configured to couform to the surface of the coruea
and in which the inner portion 110 comprises thickness configured to smooth the epithelium and
cornea. The mner portion 110 comprises optical component 1004, and the outer portion 120
compriscs coupling component 100B. The inner portion 110 may comprise a thickness of no
morce than about 300 microns, for example no more than about 200 microns. Many materials can
be used as described herein, and the device may comprise one or more materials. For example,

the device may comprise a single piece of material such as silicone having a water content within
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a range from about 0.1 % to about 10%, for example no more than about 1%, and a hardness
Shore A durometer parameter within a range from about 5 to about 90, for example within a

range from about 40 to about 85,

{6141} FIG. ICI shows a device 100 having an inner portion 110 comprising an inner
thickness and an inner material 110M and an outer portion 120 comprising an outer thickness
and an outer material 120M, in which the inner thickness is greater than the outer thickness. The
nner roaterial 110M may comprise many materials and way coraprise an optically clear silicone,
for example silicone with resin. The mner material may comprise silicone positioned in a mold
with the outer portion 120 formed around the inner portion. The inner portion may comprise a
hardness similar to the outer portion. The outer material 120M of the outer portion 120 may
comprisc a material similar to the fnner portion. For exarple the outer material 120M may
comprise silicone and the inner material 110M may comprise silicone. This use of similar
materials on the inner and outer portion can improve adhesion of the fnner portion to the outer
portion. The outer material 120M may extend along the inner portion 110, for example along the
underside of the inner portion 110, such that the inner material 10M is held in a pocket of the
outer material 120M. Alternatively, the toner material 110M may extend substantially across the
thickness of the inner portion 110, such that the outer material 120M comprises a substantially
anmular shape with the funer material 110M coroprising a disc shaped portion disposed within the
annulus and extending substantially from the upper surface coating to the lower surface coating

when present.

{6142} FIG. 1C2 shows device 100 having mner portion 110 comprising an wnoer thickuess and
inner material 110M and outer portion 120 comprising an outer thickness and outer material
120M, in which the inner thickness can be greater than the outer thickness and the outer material
120M extends around the inner material 110M. The inner portion 118 comprises the optical
componcent 100A and the outer portion 120 coraprises the coupling component 100B. The
device 100 may comprise at least a bicurve device having at least a second radius R1B. The
inner portion 110M may comprise three layers of material, a first layer 11011 of a first material
110M1, a secoud layer 110L2 of a second material 110MZ and a third layer 11013 of a third
material 110M3. The second material 110M2 may comprise a rigid material, for example one or

more of arigid gas permeable material, a rigid silicone, or a rigid silicone acrylate. The first
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material HHOMI and the third material 110M3 may comprise a soft material, for example a soft
elastomer, soft hydrogel, or soft silicone such as one or more of a soft optically clear siliconc or a
soft siliconc hydrogel. The first material, the third material, and the outer material 120M may
coraprise similar materials, such that the second layer of rigid waterial 110M2 is encapsulated
with the first soft material 110M1, the third soft material 110M3 and on the perimeter with the
soft outer material 120M. o certain embodiments, the second vigid material 110M2 coraprises a
material similar to cach of the first material 110M1, the third material 110M3 and the outer
material 120M, for example cach may coraprise silicone, such that the corresponding portions of
the device 100 can be bonded together with the silicone similar silicone elastomer material, for
example. In certain embodiments, the device 100 can be formed 1n 8 mold with rigid second
material 110M2 placed in the mold and encapsulated within a single piece of material
comprising first material 110M1, third material 110M3 and outer material 120M, such that first
material T10MI, third material 110M3 and outer material 120M comprise substantially the saroe
material, for example silicone clastomer. The rigid second material 110M2 may comprise
silicone bonded to cach of first material 118M1, third material 110M3 and the outer material
120M, for example with curing such that first material 110M1, third material 110M3 and outer
material 120M comprise the same soft silicone material bonded to the sccond material 110M2

comprising rigid silicone.

{6143} The soft material comprising soft outer portion 120 composed of soft material 120M,
tirst layer 110L1 composed of soft material 110M1 and third layer 110L3 composed of soft
material 120M3 can provide improved comfort and healing for the patient, and can extend the
arnourt of time the device can be worn in the eye when combined with the fencstrations 100F
and sclera coupling component 130 and peripheral portion 120P and flange 120F as described
herein. The soft material can deflect, bend or indent o as to conform at least partially to the
tissue of the eye when the rigid portion comprising rigid waterial TIOMZ corrects vision of the
patient. The dimension 102 across tnner portion 110 can be sized to substantially cover one or
more of the entrance pupil of the cye or ablation zone. With ablated eyes, the dimension 102 can
be sized shightly smaller than the ablation dimeusions, such as ablation diameter 20D, so that the
epitheliom can grow inward and contact the layer 11011 of soft first material 110M1 without
substantial disruption from the rigid material 120M2 when the inner portion 110M corrects

vision with the layer of rigid material 1IOM2. The eyclid can also move over the third layer
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FIOM3 for improved comfort. The soft first ruaterial 1I0MI and soft third material 110M3 may
comprise soft elastomer, soft hydrogel, or soft silicone, for example, and may cach comprise the

same material so as to encapsulate the second layer 110L2 of rigid second material 110M2.

{6144] The soft material comprising soft outer portion 120 composed of soft material 120M,
first fayer 110LT composed of soft material 110M1 and third layer 11013 composed of soft
material 120M3 can have a modulus within a range frorn about 1 to 20 MPa, for exaruple within

a range from about 1 to 5 MPa.

{8145] The material inner material 120M and 120M2 of second layer 120172 can have a
modulus within a range from about 5 MPa to about 35 MPa or more, for exaraple as set forth in
Table A below. For example, when matenial 120M coraprises silicone elastomer or layer 11012
of material 120M2 comprises silicone clastomer, the modulus can be within a range from about 5

MPa to about 35 MPa, for exarple within a range from about 20 MPa to about 35 MPa.

{6146] The layers of device 100 can comprise divaensions so as to provide therapeutic benefit
when placed on eye 2. The thickness of layer 110L1 can be from about 5 pum to about 50 um,
for example, within a range frow about 10 wm to 30 pro, such that the layer 11011 can provide a
soft at least partially conformable material to receive the lens. The middle layer 11012 can be
from about 20 um to about 150 wm, for example, and material M2 can have a modulus greater
than first material 110M1 of first layer 11011, so as to deflect the epithelium of the eye when the
middle fayer is deflected. The third layer 110L3 can be within & range from about § ym to 50
um, for example within a range from about 10 um to about 3¢ pm, and can cover second layer

FOL2 so as to retain the second layer in the tnner portion 110 of the device 100

{6147} The therapeutic device 100 may comprise a first inner material 110M and a second
outer material 120M, in which the outer portion 120 comprises a harduness configured to stretch
clastically and conform with one or more of epithelium of the cornea or the conjunctiva, and in
which the juner portion 110 coraprises second hardness configured to stoooth the cornea to
provide optical benefit. The outer material 120M may comprise many materials as herein. The
Shore A hardness of cach of the inner portion and the outer portion can be within a range from
about 5 to about 90. For example, the outer material 120M may comprise silicone having a

hardness Shore A durometer from about 20 to about 50, for example from about 20 to about 40,
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and the mmner material 110M may comprise silicone having a Shore A hardness frorm sbout 40 to
about 90, for example from about 50 to about 99. The outer portion comprises a perimeter 120P,
and the perimeter may comprise a peripheral and circumferential edge structure to abut the
epitheliuro to form a seal with the epithehivrn, for example wheuo the base radius of the device 18
less than the comea. The peripheral and circumferential edge structure can be shaped in many
ways to define an edge extending around the penimeter to abut the epithelium, for example with
one or more of a taper of the edge portion extending to the perimeter, a bevel of the edge portion
extending to the perimeter or a chamfer of the edge portion exitending to the perimeter. The
fnner portion 110 may comprise inner thickness and tnner material 110M and the outer portion
120 may comprise an outer thickness and outer material 120M, in which the inner thickness is

substantially siroilar to the outer thickness.

{B148] The peripheral edge structure to abut the epithelivm can be used with many
configurations of the inner portion as described herein. For example, the fnner portion may
comprise an RGP lens material having a lower rigid surface to contact and smooth the cornea
and an upper rigid optical surface. Alternatively, the inner portion may conform to the cornea as
described heretn. The outer portion may coraprise a skirt, and the skirt may comprise the
peripheral edge structure to abut and seal the cornea, such as the chamfer. The rigidity of the
outer portion coraprising the edge structure can be deterroined to seal the cornea with one or

more of hardness and thickness, as described herein.

{6149] FI1G. 1C2A shows a device as in one or more of FIGS. 1-2A to 1B7 having a layer of
siticone ot hydrogel material on a posterior surface of the device. The device 100 way comprise
a wettable surface coating 134 disposed on at least the upper side of the device as described
heremn, The layer of silicone or hydrogel material may comprise an inner portion of the layer of
silicone or hydrogel material 110MHG and an outer portion of the layer of silicone or hydrogel
material 120MHG. The layer of stlicone or hydrogel ruaterial extends to the fenestration so as to
couple the silicone or hydrogel matenial to the fenestration. The silicone or hydrogel material
can be coupled to the fonestration in many ways. For example, the layer of silicone or hydrogel
material maay cover the fenestration, or the fepestration 100F may extend through the silicone or
hydrogel material. The fenestration 100F extending through the layer of silicone or hydrogel

material can encourage punping of the tear liquid as described herein. Alternatively or in
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combination, the layer of silicone or hydrogel material device a posterior surface of the
fenestration 100F to couple the fenestration T00F to the silicone or hydrogel layer may
encourage movement of a therapeutic agent along the silicone or hydrogel layer toward a central
portion of the cornea for example. The silicone or hydrogel may extend along a detlectable
portion of the device so as to exert at least some pressure on the silicone or hydrogel layer to
encourage movement of one or more of tear liquid or the therapeutic agent along the silicoue or

hydrogel layer when the patient blinks, for example.

{81508} 'The silicone or hydrogel layer as described herein may encourage regeneration of the
epitheliuro and roay provide a soft surface to contact the epitheliuro regenerating over the
ablation so as to encourage epithelial regeneration under the optical component as described
herein, and the optical component can resist deformation so as to protect the epithelium and

provide an environment to encourage regeneration of the epithelium.

{6151} The silicone or hydrogel material may comprise one or more of the silicone or hydrogel
materials as described hercin. The silicone or hydrogel material extending along the lower
surface can increase comfort of the device when placed on the eye. The silicone or hydrogel
material may comprise a substantially uniform thickness within a range from about T ym to
about 100 um, for example from about 2 um to about 5O wm and in certain embodiments within
a range from about 5 pm to about 20 um. The silicone or hydrogel material extending along the
posterior surface may comprise one or more of the silicone or hydrogel matenials as described
herein combined with onc or more of materials T10M, 110M1, 110M2, 110M3 or 120M as
described herein. For example the one or more of materials 110M, 110MI1, 110M2, 110M3 or
120M may comprise silicone such as silicone elastomer comprising stloxane, and the silicone or
hydrogel may comprise a silicone or hydrogel such as stlicone or hydrogel material as described

herein.

{8182] FIG. 1C2B shows a device as in one or more of FIGS. 1-2A to 187 having a layer of
hyvdrogel material on a posterior surface of the device extending less than a maximum distance
across the device such that end portions of the device are configured to engage the epithelium of
the eye away from the hydrogel layer and inhibit movement of the deviee when placed on the
eye. In certain embodiments, the waterial 120M can couple to the surface of the eye, for

example the epithelivm so as to inhibit movement of the device. The material 120M may
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comprise a sticky tacky hydrophobic material such as silicone to engage the eptthelium to inhibit
movement, and the material 120M may be coated with one or more coatings as described herein,
for example with vapor deposition. The silicone or hydrogel material can be coupled to the
fenestration in many ways. For example, the layer of silicone or hydrogel material may cover

the fonestration, or the fenestration 100F may extend through the silicone or hydrogel material.

[8153] FIG. 1C2C shows a device 100 as in one or more of FIGS. 1-2A to 1B7 having an
annular layer of silicone or hydroge!l material 120MHG on a posterior surface of the device such
that an inner portion of the device contacts the cornea away from the silicone or hydrogel layer
and an outer portion of the device countacts the cornea away from the device when placed on the
cye. Work in relation to ermnbodiments suggests that the annular silicone or hydrogel layer can
provide an cnvironmaent to encourage growth of the epithelinm along the posterior surface of
inner material 110M1 as described herein, and the lower surface of material 110M1 can be

coated with a material having a thickness less than the silicone or hydrogel, for example.

{6154] FIG. 13 shows a device having a tricurve profile to fit sclera with slopes of the curved
profiles aligned so as to inhibit ridges at the boundaries of the curved portions as in FIG. 1B2
and having a layer of silicone or hydrogel material 120MHG on a lower surface. The silicone or
hydrogel material 120M may extend substantially across the posterior surface of the device. A
silicone or hydrogel material may extend along the lower surface a distance less than a distance
across the device so as to provide a portion of the device without the silicone or hydrogel to
engage the eye, for example the epithelinm of the cye that may comprise one or more of the
corneal epitheliom or the conjunctival epithelium. Alternatively, a silicove or hydrogel matenal
may extend substantially along the posterior surface of the device corresponding to the distance
across the device so as to provide a portion of the device with a silicone or hydrogel material

over the outer portion of the device that engages the eye.

{8185] FIG. 1C4 shows a plan view of a device having a tricurve profile to fit the cornea,
lirabus, and sclera with slopes of the curved profiles aligned so as to ihibit ridges at the
boundarics of the curved portions as in FIG. 1B4 and having a silicone or hydrogel material on a
lower surface extending less than a maxiraum distance across the device to engage the
conjunctiva with the device away from the stlicone or hydrogel material. Altervatively, the

siticone or hydrogel material may extend substantially along the posterior surface of the device

[F 8]
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corresponding to the distance across the device so as to provide the silicone or hydrogel maternial
over the outer portion of the device that engages the eye. The silicone or hydrogel device may

comprise an annular shape extending along the lower surface as described herein.

{6186] FIG. 1CS shows a fenestration 100F having 4 posterior end 100FPE covered with a
layer of silicone or hydrogel material 29MHG extending along the posterior surface of the device

100, in accordance with embodiments of the present invention.

{8157} FIG. 1C6 shows fenestration 100F extending through a layer of silicone or hydrogel
material 120MHG extending along the posterior surface of the device 100, in accordance with

embodiments of the present invention.

{6158} FIG. 1D shows a device comprising channels 100FC extending radially outward from

fenestrations 100F aloung a lower surface of the device, in accordance with embodiments.

{8189] FIG. 1E shows a device comprising 100FC channels extending radially inward from

tenestrations 100F along a lower surface of the device, in accordance with embodiments.

[8166] FIG. 1F shows a test apparatus 190 to measure deflection of a portion of a lens in
response to a load. The load deflection of the devices and composite layers as described herein
can be used to determine the deflection of the device and corresponding pumping. Work in
relation to embodiments suggests that one or more of the inner device or the outer device
contacting the epithelium may comprise a rigidity such that blinking of the eye deflects the
device sufficiently with elastic deformation s0 as to urge tear liquid from beneath the device as
described herein. For example, the inner portion 120 of the devices suited to cover the ablated
cornea and provide pumping as described herein are also well suited to cover natural unablated
corneas to provide vision correction with pumping of the tear Hquid. The outer portion 120 may
comprisc a rigidity as described herein sufficient to deflect when the eye blinks and provide

elastic deformation that may pump tear Hquid under the device such as a contact lens.

{8161} The test apparatus 190 may comprise a rigid support having an aperture 192, such that
deflection of the device 100 through the aperture 192 can be measured. The aperture 192 has a
dimension across 194 that can be sized smaller than the dimension across inner portion 110, so

as to measure a deflection 110D of the inner portion 110 in response to a load 196, The

deflection 110D may comprise a peak deflection, for example a distance. The load 196 may
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comprisc a point load or a load distributed over an arca corresponding to diameter 104, for
example a pressure from a gas or liquid on the lower side of the device. The device may
cornprise a first configuration C1 corresponding to the shape of the device prior to placement on
the eye, and the device way comprise a second configuration C2 when placed on the eye, and the
amount of force and/or pressure to deflect device 100 can be determined such that device 100
can be deflected without substantially degrading vision and so as to smooth the epitheliurn. For
example, the device may deflect slightly so as to decrease vision no more than about 1 or 2 lines
of visual acuity and such that the device can smooth the epithchium and provide environment

100E as described herein.

{0162] The modulus and thickness of the device can be used to determine an amount of
relative rigidity of the device 100, the corresponding amount of force to deflect the deviee 100
across a distance, and the corresponding amount pressure to smooth the epithelivm with the

deflected device as described herein.

{6163} The amount of relative rigidity can be determined based on the modulus multiphied with
cube of the thickness. The amount of deflection corresponds to the sixth power of the deflected
span across the device, the modulus, and the cube of the thickness., The approximately fourth
order relationship of the span to the defiection can allow the devices as described herein to
conform at lcast partially to the ablation profile within a range from about 4 mm to 6 mm, and

fohibit substantially nregularities baving diameters of about 3 vam or less, for exaraple.

[6164] The deflection can be approximated with the following equation:

Deflection = (constant)*(LoadxSpan'y / (Modulusxthickness’)

{8165] The above approximation can be useful to understand the properties of device 100, for
example with a substantially uniform thickness of the inner portion. The substantially uniform
thickness may comprise a thickness that is uniform to within about £25%, for example to within
about £10%, such that the device can conform substantially to at least 2 majority of the surface
arca of an ablation zoue and 1nhibit ircegularities over a smaller portion of the ablation zone
corresponding to no more than a minority of the surface arca of the ablation. In certain
embaodiments, a device conforrns over an arca having diameter of at least about 4 mm and

inhibits irregularities over an arca having a diameter of no more than about 4 mm, for example
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less inhibits irregularitics over an area of no more than about 3 o, For example, based on the
above equations, the deflection is related to the fourth power of the span, such that fora
corparable Ioad, a 2 mm span will have about 1/16" the deflection of a 4 mum span. Similarly, a
3 rom span will have a deflection that is about 1/16" the deflection of a 6 rom span. As the
deflection is related to the cube of the thickness, doubling the thickness can decrease the
deflection by about a factor of 8. The above approximations can be combined with chnical
testing to determine thicknesses and moduli suitable for incorporation in accordance with

emnbodiments as described herein.

[8166] The equations for deflection of an unsupported circular span of a material having a

substantially uniform thickness are:

1 2
FE=FE|(—)+ F, (—=—
e (tl + tz) 2(t1 + tz)

"Relative” Rigidity
= Ec(t: + 65)°

3wR?*

v :W(S +17)(1 —U)
~ y16Et?
Y= G+ v - v)3R*

where:

W o= evenly distributed load over the surface, Pressure (Pa)

R=span of unsupported material (mj};

BE=Ygung’s Modulus (Pa);

t=Thickness (im};

v=Poisson’s Ratio {unit-less, assumed to be constant among materials); and

y= Deflection (m).
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{6167}
plates, Junuthula Narasimha Reddy, p. 201 equation 3.3.43 (1599).

The equations for deflection are described 1 Theorv and analysis of ¢lastic

{6168]

the equations can approximate a curved surface and a person of ordinary skill in the art can

Although the above equations deseribe relative rigidity for a substantially flat surface,

determine the deflection load and relative rigidity empirically based on the teachings described

herein, for example with finite element modeling.

[6169] Table Al. Material, modulus, thickness, relative rigidity Dk/and detlection load of

inner portions of devices as described herein.

Umi‘erm Button Flexural Flexural Relative | . .
Button Button e e ) : . e oxs Material ;
Material | Thickness Fhickness | Modulus | Modulus Rigidity Dk Dt
viaerar Sl (MPa) (Pa) {(Pa*m"3)
{um}

Rigid o ,ﬂ e e A A
g 250 7.50.E-04 35 35000000 | S4TE-04 600 240
Silicone

Rigid 200 | 2.00E-04 | 35 35000000 | 2.80E-04 | 600 | 300
Silicone

Rigid 130 1.50.E-04 35 35000000 | LISE-04 | 600 | 400
Silicone

Rigid 100 | LOOE-04 | 35 35000000 | 3.508-05 | 600 | 600
Silicone

Rigid 50 5.00.E-08 35 35000000 | 4.38E-06 600 | 1200
Silicone
Exemplary 293 2.93 E-04 20 20000000 | 5.03B-04 600 205
Silicone
Exemplary 272 2.72.E-04 20 20000000 | 4.02E-04 600 221
Silicone
Exemplary 250 2.50.E-04 20 20000000 | 3.13B-04 600 240
Silicone
Exemplary | 5 2.15.E-04 20 20000000 | 1.99E-04 500 279
Silicone
Exemplary | 5, 2.00.E-04 20 20000000 | 1.60E-04 | 600 | 300
Silicone
Exemplary 175 1.75.5-04 20 20000000 | LOTE-04 | 600 | 343
Silicone
Exemplaty 150 1.50.E-04 20 20000000 | 6.75E-05 600 400
Silicone
Eé?‘?npiafy 100 1.00.E-04 20 20000000 | 2.00B-05 600 600
Silicone
Exemplary 50 5.00.8-05 20 20000000 | 2.50E-06 | 600 | 1200
Material
enflufocon 25 2.50.E-05 1 1900 | 1900000000 | 2.97E-05 {8 72
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s
U “ﬁmm Bation Flexural Flexural Relative -

Button Button | .. . A . , , ¢ s as Material i
Material | Thickness Thickness { Modulnps | Modulus Rng;ﬁ;ﬁty» Dk Dk/t
) ' {11} {(MPay {Pa} {(Pa*m"3)

{Bm)}
A {Boston
ES)

’“’“ﬂﬁi"“i}n 50 5.00.E-05 | 1900 | 1900000000 | 2.38E-04 | I8 36
enflufocon , o v ,

(; } s - A s } 8y ( A . } 2

A 150 L53.E-04 1900 1900000000 | 6.41E-03 i3 i

hexafocon
B (Boston 25 2.50.E-05 1166000000 | 1.81E-05 564

X0 1160 141

hexafocon o U - .
] <35 . { Vs <
B 50 5.00.E-05 1160 1166000060 | 1.45E-04 141 282
hexafocon ; - e
A0.1E- 0 0 3.O2E-03 i
B 150 1.50.E-04 1160 1160000000 | 3.92E-03 141 94

{817¢] Asshown in Table Al, an RGP material such as an enflufocon or hexafocon having a
thickness of about 50 um can have a relative rigidity suitable for epithelial smoothing and so as
to conform at least partially to the ablated strorna. The rigid silicone baving a modulus of about
20 MPa and a thickness of about 250 pm will provide a relative rigidity 3E-4 and deflection
under load sumilar to the RGP matenial having a thickness of about 530 pro and voodulus of about
1900 MPa so as to provide a relative rigidity of about 2.4E-4. Commercially avatlable RGP lens
materials as shown in Table Al can be combined in accordance with ecmbodiments as described
herein so as to provide device 130. Based on the teachings described herein, a person of
ordinary skill in the art can determine the thickness of the device based on the modulus and the

mtended relative rigidity.

{6171 Work in relation to embodiments in accordance with clinical studics as described herein
has shown that the inner portion 10 of the device 100 having the relative rigidity of about 3E-4
(3x107Pa~-m’) can be offective so to improve vision and conform at least partially of the eye so
as to provide at least some comfort and improve fitting. Many eyes have been measured with
many devices and work 1n relation to embodiroents indicates that an wmner portion 110 baving a
relative rigidity within a range from about 1E-4 to about 5E-4 (Pa-m’) can allow the device to

conforr to the ablation and smooth the epithclium as described herein. For example, tnner
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portion 110 may a relative rigidity within a range from about 2E-4 to about 4E-4, and the eye can

be fit accordingly based on the deflection of the device 100.

{8172] The relative rigidity can be related to the amount of deflection of the device 180 on the
eye. Work in relation to embodiments indicates that a relative rigidity of inner portion 110 about
3E-4 can deflect about + 2D when placed on the eye so as to conform to an ablation to within
about & 2D across the approximately 5 ram or 6 mm ablation diameter when an inner diameter of
about 2 mim or 3 mum is swoothed. A device 100 having a relative rigidity of about 1.5 E-4 can
deflect about =4D when placed on the eye so as to conform to an ablation to within about +4D
across an approximately 5 maro or 6 om diawseter when an inner diamcter of about 2 wom or 3

mm is smoothed.

{6173} The o-n, for example for coverings having a plurality of layers having a plurality of

materials,

Table A3, Relative Rigidity of Layered Devices

Total Material 1 (Rigid) Material 2 (Soft) Composite
Thickness | ayered Relative
A ; : Rigidity
Material | ypiciness | Modalus | Thickness m“?‘m Thickness | COWBosite (?;m})
() (Pa) (m) Modulus m) Modulus
(Pa) ) (P2)
Exemplary
Silicone 2.40E-04 | 2.00E+0G7 | 3.00E-05 | 2.00E+06 | 2.70E-04 L.BOE+GT 3.54E-04
276 pm Shicld
thick Soft and
Hard are 1.35E-04 | 2.00B+07 1.25E-04 | 2.00B+06 1 2.770E-04 LA3EA+GTY 1.99E-04
Equal
Exemplary
Silicone 1.20E-G4 | 2.00B+07 | 3.00E-05 | 2.00E+06 1.56E-04 1.64E+07 5.34E-05
. Shield
150 um :
i Seft and
thick Hard w/
Baual | 7S0E05 | 2.00B407 | 750505 | 2008406 | LS0E-04 | LIOEHOT | 37105
thickness
{8174] When two or more materials are combined so as to provide two or more layers, the

relative rigidity of each layer can be combined so as to determine a total composite nigidity. For
example, the combined rigidity can be determined for a device having first layer 110L1 of first
material, a second layer 110L2 of second material M2 and third layer 110L3 of third material

11013, m which the first and third materials can be the same material,
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[B175] A weighted average systern can be used to treat the two layers as one material, The
relative amounts of each material and the moduli of the two materials can be combined to
determine a cormposite modulus based on the weight average of the thickness of each layer. For
example, with 90 um of 20 MPa material layer and a 10 um of 5 MPa matenial layer can be

combined so as to determine the composite modulus as

20MPax8.9 + 5 MPax(.1 = 18.5 MPa

{8176] 'The cquations described herein accommodate many layers of different materials and

thicknesses,

{61771 Based on the compostte modulus, one can multiply the composite modulus by the
overall thickness cubed, in the present example 18.5 MPa x10¢°. Although these calculations
can be based on approxirations, a person of ordinary skill in the art can conduct sivoulations, for
example finite clement modeling simulations, so as to determine the amount of relative rigidity,

pressures and deflection forces and pressures as described herein,

{8178] The index of refraction of one or roore layers of device 100 may correspond

substantially to the index of refraction of the cornea.

{8179} Onc or more of the materials 110M1, 110M2 or 110M3 may comprise an index of
refraction within a range from about 1.38 to about 1.43 s0 as to match the fndex of refraction of
the cornea to within about £ 0.05. For cxample the materials 110M1 and 110M3 may comprise
an optically transparent soft silicoue elastomer having an index of refraction of about 1.41 and
the material M2 may comprise an optically transparent rigid silicone clastomer having an index
of refraction of about 1.43, for exarple available from NuSil. Alternatively, material 110M1
and material 110M3 may comprise silicone silicone or hydrogel and material 110M2 may

silicone, for example,

{61806] While the device may comprise similar materials such as 8 more rigid silicone
combined with a softer silicone, the device may comprise dissimitlar materials. For example, an
RGP material can be combined with a silicone or hydrogel, such as the bicurve or tricurve
embodiments as described herein. The device can extend at least to the limbus for stabibity, The
RGP material may comprise the second layer 110L2 of the second material 1 10M2, for example

o accordance with Table A1, and the hydrogel roay comprise the fivst layer 1HOLT of the first

42



WO 2013/184239 PCT/US2013/037219

material 110M1 and the third layer 110L3 of the third material 110M3. The hydrogel may have
an index of refraction from abowut 1.38 to about 1.42 so as to match the index of refraction of the
cornea of about 1.377 to within about §.05 and may comprise onc or more of HEMA, NVP,
GMA, MMA, SiH, TRS, HEMA/NVP, MMA/NVP, HEMA/GMA, or SiH/TRS, commercially
avatlable from Vista Optics, UK, for example. The hydrogel comprising HEMA/NVP,
MMA/NVP, or HEMA/GMA may have a water content within a range from about 40% to about
70% so as to provide an index of refraction within a range from about 1.38 to about 1.43. A
water content of about 40% corresponds to an index of refraction of about 1.43 and a water
content of about 70% corresponds to an index of refraction of about 1.38. A hydrogel
comprising StH/TRS may corprise water content within a range from about 20% to about 70%
s0 as to provide an index of refraction within a range from about 1.38 to about 1.43. With these
SiH hydrogels a water content of about 20% corresponds to an index of refraction of about 1.43

and a water content of about 70% corresponds to an index of refraction of about 1.3K.

{8181} FIG. 2A shows a device 100 comprising a contact lens placed on the eye with the
cyelids separated, in accordance with certain embodiments. A device 100 is placed on the eye
such that the tear ignid TL extends under at least a portion of the device between the device and
the cornea so as to provide a chamber 100C. The device 100 can be fit on K or slightly flatter
thao the cornea so as to provide chamber 100C. Allernatively or in combination, the flange 120F
and sclera coupling portion 1208 of the outer portion 120 may comprise an angle steeper than the
conjunctiva such the device is urged away trorn the cornea near fnner portion 110 s0 as to
provide chamber 100C. The device 100 comprises a sag height 10551 corresponding to the
clevation distance frorn the center of the device to the outer periracter 120P of the sclera

coupling portion 130, The eyehids can be separated for the patient to see an object.
{6182] FIG. 2B shows a profile view of the device of Fig. 2A with the eyelids closing.

{8183] FIG. 2C shows a front view the device of Fig. 2A with the eyelids closing, in
accordance with conbodiments. The eyelids can close with a downward movement 22A of the
upper eyelid and an upward movement 228 of the lower eyelid. The closing of the eyelids exerts
pressure on the device 100 such that device 100 coraprises second configuration 160C2. The
second configuration 100C2 comprises the sag height 105 decreased to second sag height 10352

such that the volume of chamber 100C decreases and urges pumped tear fluid 100TL from under

NN
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the device. The pumped tear iquid 100TL flows radially outward under the outer portion 120P
and through fenestrations 100F such as fenestrations not covered by the eyelid. The pressure of
the eyelid can urge the device 100 toward comea 100 50 a5 to decrease the volume of chamber
100C. The volume of chamber 100C can decrease substantially when the outer portion 120
comprising flange 120F deflects with elastic deformation. Alternatively or in combination, the
outer portion 120 corresponding to the cornea can deflect so as to decrease the volume of
chamber 100C. In certain embodiments, the inner portion 110 comprising optical component

100A may detlect with pressure of the evelid so as to decrease the volumme of chamber 100,

[0184] FIG. 2D shows a side profile of the device of FIG. 2A with the eyelids opening, 1
accordance with embodiments. When the eyelids retract with upward movement 22C of the
upper eyelid and downward movement 22D of the lower cyelid, the device 100 can return to the
first configuration 100C1 having first sag height 10551, such that the volume of the chamber
increases. The outer portion 120 comprising flange 120F and peripheral portion 120F of the
sclera coupling portion 130 may contact the conjunctiva so as to form a contact seal with the
conjunctiva. The contact scal with the conjunctiva encourages flow of the tear Higuid TL through
the fenestrations 100F and into the chamber 100C, such that pumped tear hiquid 100TL can be

{ocated between the cornea and the device 100,

{B185] The tear rivulet of the lower lid can move upward when the cyes close so as to provide
tear liquid on the surface of the eye, and at least a portion of the rivulet can couple to the upper
lid when the lids contact cach other. When the upper Hd moves upward with movement 22C and
the lower lid moves downward with moverent 22D, the upper Iid provide tear Hguid TL near the
upper fenestrations to pass through the upper fenestrations and the lower lid can provide tear

fiquid TL near the lower fencstrations to move through the lower fenestrations.

[B186] Repeated blinking of the eye may occur vaturally, so as to pump tear hquad under the
covering and rinse the cornea and conjunctiva under the device. This pumping and rinsing

provided by the deviee can extend the amount of time the device can be worn by a patient such
as a patient having a normal unablated eye, and may encourage epithelial regeneration in post-

PRK cyes, for example.
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{6187} FIG. 2E shows a device comprising a contact lens placed on the eye such that the
device is supported with an inner portion of the cornea and the conjunctiva with the device
separated from an outer portion of the cornea so as to define a chamber when the eyelids are
separated, 1o accordance with embodiments. The device 100 may contact the cornea at an 1oner
portion of the cornea, for example at a central location. The inner portion 110 can be sized to fit
the coruea centrally as described berein, for exaropie with on K fitting. The outer portion of the
device 120 comprising flange 120F and sclera coupling portion 130 can be sized to contact the
corjunctiva when the fnner portion 110 contacts the sclera centrally, such that charaber 100C s
formed over the outer portion of the cornea with a gap extending between the outer portion of the
cornca and the device. The outer portion 120 of the device extending over the outer portion of
the cornca may have a curvature less than the cornea, such that the outer portion 120 over the
guter portion of the cornea can form chamber 100C when the tnner portion 110 18 supported with
the cornea and the outer portion 120 comprising flange 120F is coupled to the conjunctiva. The
fenestrations 100F can be located on the device to correspond with a location of chamber 100C
and the gap when the eyelids are open. The outer portion 120 comprises a resistance to
deflection sufficient to form chamber 100C when the eyelids are open an insufficient to resist
deflection when the eyelids move over the outer portion such that the outer portion moves

toward the cornea and decrease the gap distance when the eyelids close.

{8188] The device 100 can be {it to the cornea to encourage formation of the chamber 1006C
and such that device 100 coraprises an initial configuration 100CT with chamber 100C formed
beneath. The cornea may comprise a limbus sag height 1051 corresponding to an elevational
distance extending from a vertex of the cornea to the lirabus. The lirabus may be located g radial
distance 105RL from a rocasurement axis of the eye. The eye may comprise a conjunctiva sag
height 105C at a radial distance 103RC from the axis of the cye. The device may comprisc a
tirabus sag height 105L.C at a location corresponding to the radial distance RL to the himbus.

The device may comprise a conjunctiva sag height 105CC at a conjunctiva contacting location
corresponding to the radial distance 105RC of the conjunetiva, for exaraple along tlange 120F.
In certain embodiments, the sag height 105LC of the device at the location corresponding to the
lirabus 18 no more than the lirnbus sag height 1051, and the sag height 105CC of the device at the
location corresponding to the conjunctiva is no more than the conjunctiva sag height 163C, such

that pressure to the limbus 1s decreased. When the device 1s placed on the eye, the conjunctiva
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coupling portion 130 comprising flange portion 120F can deflect such that the sag height ot the
conjunctiva contacting portion is decreased from 105CC the sag height of the conjunctiva to the
sag height of the conjunctiva 105C, such that the sag height of the device compriscs a sag

deflected sag height 10552,

[6189] FIG. 2F shows a side sectional view of the device of Fig. 2E with the eyelids closing
such that device 100 comprises a configuration 100C2 with chamber 100C having a decreassed
volume., When the eyelids close, the upper and lower Hds exert pressure on the device such that
the device is urged toward the outer portion of cornea and the conjunctiva. The outer portion of
the device over the outer portion of the cornea may not have sufficient resistance to deflection
such that the outer portion of the device is deflected downward toward the outer portion of the
cornca. The gap distance extending between the outer portion of the device over the outer
portion of the cornea is decreased, such that the volume of chamber 106C decreases and pumped
tear hiquid 100TL flow from chamber 100C through fencstrations 100F and under the
conjunctiva contacting portion 130 comprising flange portion 120F. The upper eyelid can extend
across the pupil so as to cover inferior and superior fenestrations 100F. The upper eyelid may
contact the lower eyelid 50 as to draw the tear guid of the nivulet superiorly when the eye opens,
such that tear liquid of the rivulet can be drawn into the chamber through the inferior and

supcrior fenestrations.

[619¢] TThe deflection of the outer portion of the device over the outer portion of the cormea
can be provided with a device having a relative rigidity within a range from about 1.0 E-6 Pa-m’
to about 6 E-4 Pa-m’, for example from about 2.5 E-6 Pa-m’ to about 3 E-4 Pa- m’, Table A2
shows values suttable of relative rigidity and corresponding ranges of outer portion 120
corresponding to the outer portion of the cornea that can be determined based on the teachings
described herein so as to determine the relative rigidity of the outer portion of the device to
provide resistance to deflection and form the chamber with the gap when the eyelid 1s away from
the portion of the device and so as to deflect toward the cornea and decrease the gap and

corresponding chamber volume when the eyelid covers the portion of the device.

{6191} The deflection of the sclera contacting portion 130 to couple to the conjunctiva can be
provided with the sclera contacting portion 130 coraprising a relative rigidity of no roore than

’ . 3 A ; - 3 . . .
about 2 E-4 Pa-m, for example no more than about 1 E-4 Pa-m™, and in certain embodiments no
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more than about 2 E-5 Pa-m’. Table A2 shows values suitable of relative rigidity and
corresponding ranges of sclera coupling portion 130 that can be determined based on the
tcachings described herein so as to determine the relative rigidity of the sclera coupling portion
of the device to provide resistance to deflection and form the chamber with the gap wheo the
cyelid is away from the portion of the device and so as to deflect toward the cornea and decrease
the gap and corresponding charober volume when the eyelid covers the outer portion of the

device over the outer portion of the cornea.

{6192} 'The deflection of the flange portion 120F to couple to the conjunctiva can be provided
with the flange portion 130 comprising a relative rigidity of no more than about 1 E-4 Pa-m’, for
example no more than about 2 £-5 Pa-m’, and in certain embodiments no more than about 2.5 E-
6 Pa-m’. Table A2 shows values suitable of relative rigidity and corresponding ranges of outer
flange portion 120F that can be determined based on the teachings described herein so as to
determine the relative rigidity of the flange portion 120F of the device to provide resistance to
deflection and form the chamber with the gap when the evelid is away from the portion of the
device and so as to deflect toward the comea and decrease the gap and corresponding chamber
volume when the eyelid covers the outer portion of the device over the outer portion of the

cornea.

{6193} FIG. 2F1 shows a profile view of the device of Fig. 2F with rotation of the eye when
the lids close such that sliding of the device along the epithelium s inhibited when tear Houid is
pumped, in accordance with certain embodiments. The axis of the eye can rotate superiorly such
that the device shdes along the upper Hid and the lower lid. The axis of the eye roay comprise
ong or more known axis of the eyve and can be determined in many ways by a person of ordinary

skill in the art.

[8194] FIG. 2G shows a profile view of the device of Fig. 2E with the eyelids operung, in
accordance with embodiments. The opening of the eyelids decreases pressure and allows the
outer portion of the device above the outer portion of the cornea to aove away from the cornea.
The tear Hquid TL may pass through fenestrations 100F and imto the chamber 100C. The outer
portion of the device comprising portion 130 and flange 120F can contact the conjunctiva to

inhibit tear flow and may seal the device.

g
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{3195] FIG. 2H shows a profile view of the device of Fig. 2E with the evelids located at an
intermediate location such that the chamber comprises an intermediate configuration 100C12
volume, in accordance with embodiments. The optical cormponent 100A comprising inner
portion 110 may comprise sufficient nigidity and resistance to deflection so as to provide vision
for the patient when the device comprises intermediate portion 1060C12 having outer portion 120
deflected so as to decrease volame of chamber 100C. For example, the paticnt can close the
eyelids to the pupil margin to deflect the outer portion and the optical component 100B and inner
portion 110 can remain substantially undeflected such that the patient can have vision of 20/20 or
better {(metric 6/6 or better} with a portion of one or more eye lids contacting the inner portion
110, Opening of the cyclids can increase the chamber volume and pump tear liquid and closing

of the evelids can decrease chamber volume and pump tear Higuid.

{8196] FIG. 21 shows a side view sectional view of the device of Fig. 104 placed on the eye
with silicone or hydrogel contacting the eye. The device 100 compriscs the layer of silicone or
hydrogel material 120MHG extending along the posterior surface of the device so as to contact
the cye with at least a portion of the silicone or hydrogel layer. The device 100 can be
dimensioned to form charaber 1000 defined at least in part with the layer of silicone or hydrogel
material. Fenestrations may extend through the silicone or hydrogel layer so as to provide
pumping as described herein. Alternatively or in combination, the posterior end of the
tenestrations can be covered with the silicone or hydroge! material to couple the comea to the
tenestrations with the layer of silicone or hydrogel material. Feunestrations covered with the layer
of stlicone or hydrogel material 120MHG can be located along the deflectable portion of the
device s0 as to encourage movement of water and therapeutic agents along the silicone or
hydrogel material, for exaraple when the eye blinks. The sihicone or hydrogel layer may
comprisc a medium to pass liquid and therapeutic agent from the fenestrations to a desired
location of the cornea, for example with wicking of the hquid and therapeutic ageot to a central
location of the cornea. The device comprising the silicone or hydroge! layer extending along the
lower surface as described herein can be it to an unablated eye to provide refractive correction

or fit to an ablated eye as described heren.
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[6197]  Clinical testing in accordance with embodiments has shown that the curved portions of
the device can be fit with on K values in accordance with corneal curvatures and sag heights and

{imbus sag heights and conjunctiva sag heights of a patient population.

{6198} Appendix I shown herein below provides dimensions and it parameters for device 100
in accordance with embodiments and teachings as described herein. The devices may comprise
one or more of the materials in the Series A Tables shown herein, for example. The dimensions
and fit parameters of the devices can provide pumping of the tear hquid when placed on the
cornea in accordance with embodiments described hercin. The tables of Appendix I identify the
devices for use with steep K corneas, medium K corneas and flat K corveas, for example. The K
values listed can be based on population norms, such that the devices provide pumping as
described herein when placed on the eye. The devices can be used with non-ablated cyes or
ablated eyes, and the device can be identified at least in part based on the first inner curvature

R1.

{6199} Tablc Bl shows device 100 having a diameter of approximately 14 ram across and can
be fit on K or flatter, for example as described herein. The table lists R1 corresponding to the
center ablated portion of the cornca. The inner portion 110 comprising optical coraponent 100A
and inner coupling component 160B1 bas dimension R1 extends about 5 mum across, and the
ablation zone can be larger, for example about 6 mm. The portion corresponding to radius R1B1
has ditaensions of about 5-7 raro across, and the curvature can be expressed with keratometry
values (K-values) corresponding to the optical power of the eye in Diopters (D). The portion
corresponding to radius R1B2 has dimcusions of about 7-9 muv across. The portion
corresponding to radins R1B3 has dimensions of about 9-11 mm across. The portion
corresponding to R1C] can extend from about 11 to 13.5 mum across, and may comprise
curvature having one or more values between portion R1B3 and portion RI1CZ, for example a
radius of curvature between about 8 mm and about 12 rom such as about 10 mm. The portion
corresponding to R1C2 can extend from about 13.5 to 14 wom across. The sag height of the
portion R1C2 can be from about 3.1 to about 3.4 mum, for example. The portion corresponding
to R1CT can be {it to the cornea in many ways as described herein, for exarple with the tangent
of portion R1C1 aligned with R1B83 on the inner boundary and R1C2 along an outer boundary so

as to mhibit nidge formation as described herein.
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[6286G] Table B2 shows device 100 having a diameter of approximately 14 mm across and can
bie fit on K or flatter, for example as described herein. The table lists R1 corresponding to the
center ablated portion of the cornea. The tnner portion 110 coruprising optical component 100A
and nmner couphing component 100B1 has dimension R1 extends about 5 mn across, and the
ablation zone can be larger, for example about 6 mm. The portion corresponding to radins R1B1
has dimensions of about 5-7 mm across, and the curvature can be expressed with keratoretry
values (K-values} corresponding to the optical power of the eye in Diopters (D). The portion
corresponding to radius R1B2 has dimensions of about 7-9 mam across. The portion
corresponding fo radius R1B3 has dimensions of about 9-11 mm across, and these values range
trorn about 35.75 to about 40, such that cach value 1s somewhat flatter at the peripheral portion
than corresponding values of Table B1. For example, Table B1 lists the values for R1B3 as
having a range from about 36.75 to about 41 D. The portion corresponding o R1CT can extend
from about 11 to 13.5 rom across. The portion corresponding to R1C2 can extend from about
13.5 to 14 mn across. The sag height of the portion R1C2 can be from about 3.1 to about 3.4
mm, for exaraple. The portion corresponding to R1CT can be it to the cornea in many ways as
described heretn, for example with the tangent of portion RICT aligned with R1B3 on the inner

boundary and R1C2 along an outer boundary so as to inhibit ridge formation as described herein

{6201} Table B3 shows device 100 having a diameter of approximately 16 wom across and can
be fit on K or flatter, for example as described herein. The table lists R1 corresponding to the
center ablated portion of the cornca. The inner portion 110 comprising optical coraponent 100A
and inner coupling component 160B1 bas dimension R1 extends about 5 mum across, and the
ablation zone can be larger, for example about 6 mum. The portion corresponding to radius R1B1
has ditaensions of about 5-7 raro across, and the curvature can be expressed with keratometry
values (K-values) corresponding to the optical power of the eye in Diopters (D). The portion
corresponding to radius R1B2 has dimcusions of about 7-9 muv across. The portion
corresponding to radius R1B3 has dimensions of about 9-10.5 mm across, and these values range
from about 36.75 to sbout 41. The portion corresponding to R1C can extend from about 13 to
about 16 mm across. The sag height of the portion RI1C2 can be less than about 3.6 mm, for
example, such that portion R1C2 can be deflected when placed on the cye. The portion

corresponding to R1C1 can be fit to the cornea in many ways as deseribed herein.
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{6202] Table B4 shows device 100 having curvatures for use with non-ablated eyes so as to
pump tear liquid as described herein, for example with an extended wear contact lens. Device
100 has a diarcter of approximately 14 rom across and can be fit on K or flatter, for example as
described herein. The table lists R1 corresponding to the center ablated portion of the cornea.
The mner portion 110 comprising optical component 100A and inner coupling component 10081
has dimension R1 extends about 5 mim across. The curvatares of the faner portion correspouding
to R1 have curvature values corresponding to optical powers from about 39 D} to about 48D,
which can be based on population data for unablated eyes and combined with the curvatures for
portions R1B1 to R1B3 and R1CT and R1C2, for example. The portion corresponding to radius
RIB1 has dimensions of about 5-7 mm across, and the curvature can be expressed with
keratometry vahlies (K-values) corresponding to the optical power of the eye in Diopters (B). The
portion corresponding to radius R1B2 has dimensions of about 7-9 mm across. The portion
corresponding to radius R1B3 has dimensions of about @ mym to 11 mun across. The portion
corresponding to RICT can extend from about 11 mm to about 13.5 mm across. The portion
corresponding to R1C2 can extend from about 13.5 mm to 14 yoro across. The sag height of the
portion R1CZ can be from about 3.1 mm to about 3.4 mm, for example. The portion
corresponding to R1C1 can be fit to the cornes in many ways as described herein, for example
with the tangent of portion R1CT aligned with R1B3 on the inner boundary and RI1C2 along an

outer boundary so as to inhibit ridge formation as described herein,

{6203] Although Tables BI-B4 list specific curvature valucs by way of exaraple, a person of
ordinary skill in the art can determine many curvature values based on the teachings and
crabodiments described herein and one or roore of the curvatures can be combined with an

aspheric surface, for example an aspheric surface having a conic constant.

[6204] FIG. 3A shows a device 100 positioned on cornea 10 an eye 2 having an epithelial
defect 11, The device may comprise a curved body, for example a curved contact lens body

shaped to it the cornea.

{B205] The device 100 can be sized to cover the ablated profile and epithelial defect. The
inner portion 110 coraprises a dimension across 102 that can be sized to extend across a majority
of the ablation, and the outer portion 120 coruprises a dimeosion across 104 sized to extend

across at least the epithelial defect and contact the epitheliumm on opposite sides of the defect.
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{8206] The dimension 102 extending across a majority of the ablation raay extend about 6 to 8
mim, for example, and may be sized larger than the ablation. The dimension 104 may comprise
about 12 mum to 14 mam across, for cxample so as to extend to the linbus and can be sized to the
limbus of the paticnt for example. Work n relation to exobodimoents suggests that the device
sized to extend to the limbus and circumferentially around the limbus can be centered on the
cornca. The device may extend such that the outer riva of the device contacts the conjunctiva
disposed above the sclera peripheral to the limbus, for example, and that such configurations

may center the lens on the cornea, for cxample,

[8207] The thickness of the device can be sized and shaped v many ways. The nuer portion
110 of the device comprises a thickness 106 and the outer portion 120 of the device comprises a
thickness 108, The thickness 106 of the tnner portion may comprise a substantially uniform
thickness such that the inner portion comprises an optical power of no more than about + 1D
prior to placement on the eye, for exarnple when held in front of the eye and separated from the
cornea by a distance. Alternatively, the thickness of the thner portion may vary so as comprise

optical power, for example optical power to correct vision of the patient.

[B208] A smooth layer 125 of regencrated epitheliurn 12R may substantially cover an ablated
profile. The environment 100E is configured to guide epithelial regeneration and smooth the

regenerated epithelium. The regenerating epithelinm comprises a thickness profile 12RP.

{6209] The cpithelium grows centripetally from circurnseribing boundary 12E toward the

center of ablated profile 20 to cover the exposed strowoa, as indicated by arrows 30.

{62168] The device 100 may comprise an inner portion 110 and an outer portion 120, The outer
portion 110 can be configured to form a seal 100S with the cornea near the edge of the ablation
and the epithelial defect, for example with a soft conformable material such as silicone elastomer
or stlicone hydrogel. The inner portion 120 is positioned over the pupil and configured for the
patient to see, and may coraprise a rigidity greater than the outer portion, so as to smooth
irregularities of the epithelium when the cornea heals. Alternatively, the inner portion may
comprisc rigidity cqual to or less than the nigidity of the outer portion as well. For exaraple, the
inner portion may comprise silicone and the outer portion may comprise silicone, and the mner

portion may comprise one or more of a more rigid siliconc or a greater thickness such that the
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nner portion can be more rigid than the outer portion so as to smooth the epithchium. Although
the nner portion can be more rigid than the outer portion, the inner portion can be sufficiently
soft, flexible and conformable so as to conform at least partially to the ablated profile 20 n the
stroma, such that the paticnt receives the benefit of the vision correction with the ablation profile
20 when the patient looks through the inner portion and the inner portion smoothes the
epitheliom. Work 1n relation to erabodimeunts of the present invention suggests that the
regenerating epithelium is softer than the underlying stroma of ablation profile 20, such that the
nner portion can be configured to conform to the shape of the ablation profile 20 when the inner
portion smoothes the epithelium disposed under the inner portion, for example with deflection

pressure as described herein.

{6211} FIG. 3B shows device 100 in a first configuration prior to placerncnt on the cornea of
an eye having an epithelial defect, such as an eye having a PRK ablation. The device 100
cornprises fencstrations 100F. The fenestrations 100F can be located on the device such that the
fenestrations are located away from the epithelial defect to pump tear Hquid under the device as
described herein. The device 100 may comprise inner portion 110 having a base rading R1 of
curvature, and the base radius of curvature may be slightly longer than the ablated cornea such
that the device can be flatter than the cornea prior to placement on the cornea. The outer portion
120 comprising sclera coupling portion 130 way corprise a portion steeper than the cornea o
reduce pressure to the limbus. For example flange portion 120F can be steeper than the
corresponding portions of conjunctiva and sclera so as to decrease pressure of the device on the

limbus.

{6212] 'The base radius R1 can be sized to the cornea in many ways. For example, the base

radius R may have a radius corresponding to the post ablated eye.

{6213} The device 100 may comprise a modulus withiv a range from about 4 MPa to about 35
MPa, such that central portion can conform at least partially to the ablated stroma and so that the
device can smooth corncal irregularities and stromal irregularitics of the ablated cornea. The
device may comprise an elastomeric stretchable material such that the device can stretch to fit
the cornea, for example. The device having the modulus within a range from about 4 MPa to
about 35 MPa can be formed 1o many ways as described herein. For example, the device may

comprisc a single picce of material having a substantially uniform thickness extending across the
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ablated cornea and at least a portion of the unablated cornea, and the singic picce of matenial may
comprise an elastic material such as a silicone clastomer or a hydrogel. Alternatively, the device
may comprise a single piece of material having a non-untform thickness extending across the
ablated cornea and at least a portion of the unablated cornea. The device can be shaped in wany
ways and may comprise a single picce of one material, or may comprise a single piece composed

to two similar materials, or may coraprise a plurality of materials joined together.

{6214] The device 100 may comprise one or more outer portions extending outside the inner

portion as described herein.

{8215] FIG. 3C shows the device of FIG. 38 placed on the eye having s second contiguration
100C2Z conforming to ablated stromal tissue and smoothing the epithehiuro over the ablate
strorna, such that the device can pump tear liquid as described herein. The cornea comprises an
ablated surface 20 to correct vision that may have a corresponding radius of curvature, for
example radius R2. The ablated profile 20 may comprise additional, alternative, or
corbinational shapes with thosc corresponding to radius R2, such as aberrations ablated into the
cornea to correct aberrations of the eye and astigmatism ablated into the cornea, and the inner
portion 110 of device 100 can conform to these ablated profiles of the cornca such that the
patient can receive the benefit of the ablative vision correction when the device is positioned on
the cornea. For cxample, the cornea ablation profile 20 may correspond to radius of curvature
R2, and the inner portion 110 can fatten from configuration 100C] correspoundivg to radius of
curvature R1 prior to placement to a sccond configuration 100C2 corresponding substantially to
the ablated profile 20, such the patient can see with the benefit of ablation profile 20. For
example, the second configuration 1602 can comprise a conforming radius of curvature R12
that corresponds substantially to radius of curvature R2. The profile corresponding to the first
configuration 100C1 of the device 100 is shown positioned over cornea 10 to tlustrate the
change n profile of the device from configuration 100C1T prior to placement to conforming

configuration 100C2 of the device 100 when positioned on the cornea.

{6216] The conformable device 100 comprises sufficient rigidity so as to smooth the
epitheliurn when deviee 100 is positioned on the cornea over the ablation profile 20. The
epitheliura comprises a peripheral thickness 127 that may correspond substantially to a thickness

of the epithelium prior to debridement of the epithelium to ablate the cornea. The epithelium
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also comprises regencrating opttheliurm 12R disposed over the ablation profile 20. The device
100 can smooth the eptthelium 12R when conforming to the cornea tn the second configuration
12C2. For example, irregularitics 121 of the regencrating epithchiurn 12R disposed over the
ablation can be srooothed wheun the epithelium regenerates along the inner portion of device 100,
such that the irregularities 121 of the regenerating epithelium 12K are thinner than the thickness

12T of the peripheral epithebiur.

{6217] Work in relation to the embodiments as described herein indicates that an at least
partially conformable device having a modulus within a range from about 4 MPa to about 35
MPa can conform at least partially to the ablated stroma and smooth irregularities of the
epithelim and stroma so as to improve vision as described herein. The device having the
modulus within the range from about 4 MPa to about 35 MPa can be formed in many ways as

described herein.

{6218] FIGS. 4A to 4H show a method 400 of manufacturing a device 100 and apparatus for

manufacturing the device as deseribed herein.

[6219] FIG. 4A shows a mold 600A to form an optical component 100A of a device 100
comprising material 110M as described herein. The optical component 100A may comprise an
optically transparent material such as a silicone, for example. The optical component may
comprise a modulus and thickness and corresponding rigidity as described herein, so as to
provide vision and smoothing of the cornea. The mold 600A may coraprise an optical correction
on one surface and a base curvature on the opposite surface, for example. With a step 410, the

optical component 100A can be formed in mold 600A.

{6228] FIG. 4B shows a mold 600B to form a device comprising the optical component of
FIG. 4A aund the couphng coraponent 100B. The optical component 100A can be placed 1o the
meld and the flowable material 120M of the coupling component injected into the mold so as to
form the device. The solid inner component comprising a rigid matenal placed therein prior o
mjection of a flowable material. The mold 600B may comprise inner material 110M positioned
within the mold as a solid piece of material and outer ruaterial 120M comprising a flowable
material injected into mold 600B and cured around the preformed piece comprising inner

material 120M. The flowable material can be imjected around the inner material 100M in roany
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ways. For example, the mner material 110M may coraprise a second layer 11012 of nigid
material 110M2 of the inner portion 110 as described herein, and the flowable material can be
injected around the upper and lower surfaces of sceond material 110M2 50 as to form a first layer
1011 of first material 110M1 and a third layer 11013 of the third material 110M3 with the
flowable material such that the first material 110M1, the third material 1 10M3 and the outer
material 120M cach comprise substantially the same soft material when cured. With a step 420,
the device comprising the optical component 100A and the coupling component 100B can be

formed.

(8221} FIG. 4C shows a mold 600C to form a device coraprising the optical component of
FIG. 4A and a layer of a soft material of the device, such that the optical component can be
located between two layers of the coupling component. The optical component 100M can be
removed from the mold as shown in FIG. 4A and placed in the mold 600C. The flowable
material M3 corresponding to layer 110L3 can be injected into the mold and cured. The partially
formed inner component comprising layer 110L2 and layer 11013 can be removed from mold

600C. With a step 430, the portion of the device comprising the two layers can be formed.

{62221 FIG. 4D shows a roold 600D to form a device and having a solid inner component
comprising the rigid material placed for injection of a flowable material, in accordance with
embodiments of the present invention. The moid 600 may comprise inner material [10M
posttioned within the mold as a solid piece of material and outer material 120M comprising a
flowable material injected into mold 600 and cured around the preformed picce comprising inner
material 600. The roold may comprise an upper portion and a lower portion. In certain
embaodiments, the device 100 can be formed in a mold with rigid second material 110M2 placed
in the mold and encapsulated within a single picce of material comprising first material 110M1,
third material 110M3 and outer material 120M, such that first material 110M1, third material
F10M3 and outer material 120M comprise the same material, for exaraple silicone. The rigid
sccond material 110M2 may comprise silicone bonded to cach of fivst waterial 110MU, third
material 110M3 and the outer material 120M, for example with curing such that first material
F10M I, third material 110M3 and outer material 120M comprise the same soft silicone material

bonded to the second material 110M2Z comprising rigid silicone. With a step 440, the device
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comprising the solid inner component between first material THIOMI and third material 110M3

can be formed.

{6223} FIG. 4E shows formation of fenestrations in the device with energy. With a step 450
the device as deseribed in FI1G. 4B or FIG. 4D can be treated with cuergy 650, for example
mechanical energy or electromagnetic energy such as light encrgy to form the fenestration
extending through the device. For exaraple, the fenestration can be removed from the mold and

mechanically punched or ablated with laser light energy to form the fenestration.

{6224] FIG. 4F shows spin coating of a silicone or hydrogel material on a posterior surface of
the device. An amount of a curable stliconce or hydrogel forming material 660 as deseribed
herein can be deposited on the postenior surface of the device and spun with rotation 662 at rate
such that the coating moves away from a center of the device toward and outer boundary of the
siticone ot hydrogel material. The outer boundary of the silicone or hydrogel matenial can be
determined based on the amount of curable material 660 and spin rate, and the curable silicone or
hydrogel material can be forraulated to provide the desired thickness as described herein, for
example a substantially uniform thickness within a range from about 1 pm to about 100 pm
when fully hydrated. With a step 460, the curable silicone or hydrogel forming material 660 can
be cured so as to provide the layer of silicone or hydrogel material on the lower surface of the

device 100,

{6223} FIG. 4G shows chemical vapor deposition on the deviee having the silicone or hydrogel
material formed thereon. The device 100 can be placed in a chemical vapor deposition chamber

670, and treated with one or more forms of chemical vapor deposition as described herein. With
a step 460, the device 100 can be coated with the CVD to provide the wettable material on the

surface of the device.

{6226} FIG. 4H shows the device comprising 100 the silicone or hydroge! material 120HG
packaged in a container 680, The device can be sterilized, and can be packaged wet or dry, or
combinations thereof in container 680. For example, the device can be placed with a fhud
comprising saline in the container. Alternatively, the device 100 can be dry packaged in
container 68{, for example. With a step 480, the device 100 can be placed on container 680 and

the container sealed.
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{6227} It should be appreciated that the specific steps illustrated in method 400 provide a
particular method of manufacturing a device, according to an embodiment of the present
imvention. Other sequences of steps may alse be performed according to alicrnative
erabodimoents. For example, alternative embodiments of the present invention may perform the
steps outlined above in a different order. Moreover, the individual steps ilhustrated may inchude
multiple sub-steps that may be performued in various sequences as appropriate to the individual
step. Furthermore, additional steps may be added or removed depending on the particular
applications. Onc of ordinary skill 1n the art would recognize many variations, modifications,

and alternatives.

{6228] A method 500 of manufacturing device 100 comprising a contact lens to pump tear

liguid may coruprise onc or more of the following steps:

505- Provide first mold for optical coraponent

510- Inject first flowable material into first mold

515~ Cure first flowable material to form first optical component
528~ Remwove first optical component from first mold

525- Place first optical coraponent in second mold

530- Inject second curable material into second mold

535- Cure second flowable material to form second component
540~ Remove second component from second mold

545~ Place second component in third mold

550- Inject third flowable material into third roold

555- Cure third flowable to form device

560~ Remove device

563~ Drill fenestrations

570- Coat with wettable material

{6229} The rigidity and hardness of the molded device can be determined by one or more of
the material hardness, the woodulus or the thickness, The molded device may comprise a device
with an inner center more rigid than the outer periphery, for example, and the center can be
thicker thav edge. For exaraple, the device may comprise a single piece device with an wnner

portion thicker than the outer portion such that the inner portion is more rigid than the outer
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portion. Alternatively or in corabination, an optically clear inmer portion can be molded; the
inner portion placed in the mold, and the device molded to form the outer portion around the
inner portion. For example, the molded mner portion comprising layer 110L2 of material 110M2

as described heretn, and oue or muore of layers 110LT or 110L.3 molded around layer 11012

{62361 It should be appreciated that the specific steps illustrated in Method 500 provide a
particular method of manufacturing a device, according to an crabodiraent of the present
nvention. Other sequences of steps may also be performed according to alternative
embodiments. For example, alternative embodiments of the present invention may perform the
steps outhined above n a different order. Moreover, the individual steps illustrated may include
multipic sub-steps that may be performed in various sequences as appropriate to the individual
step. Furthermore, additional steps may be added or removed depending on the particular
applications. Une of ordinary skill in the art would recognize many variations, modifications,

and alternatives.

{6231] Clinical studies have been undertaken and are contemplated to show the pumping of the
tear under the lens with blinking of the eye in accordance with the embodiments described
herein. A person of ordinary skill 1 the art can determine empirically the propertics of device
100 as deseribed herein so as to provide pumping of the tear fluid under the device to provide
one or more of an extended wear contact lens or a device for placement on the cornea following

PRE to iraprove vision and promote reepithelialization.

{82321  As used herein, like reference characters indicate fike structures that can be combined

in accordance with the teachings and embodiments described herein.

{6233] In cortain embodiments, methods for selecting ophthalmic lenses are provided. The
methods may be used to correct a refractive error of an eye of a patient, the eye having a comea
with an epithelium providing a refractive shape. In certain embodiments, methods for selecting
ophthalmic lenses comprise determining a desired spherical power so as to nutigate any spherical
component of the refractive error of the eye of the patient; and identifying, from among a
plurality of alternative ophthalmic lenses having differing spherical powers, the ophthalmic lens
corresponding to the desired spherical power. The identified ophthalmic lens may then be

selected and applicd to the cye of the patient to correct the spherical refractive crror. The
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wdentified ophthalmic lens has an anterior surface corresponding to the desired optical power, and

the anterior surface extends along an inner portion of the ophthaimic lens.

{6234] The ophthalmic lenses have an inner portion for correcting spherical refractive error
and a peripheral portion for contacting an optical fissue. The inner portion of the ophthalraic
lens ts deformable and the peripheral portion of the ophthalmic lens is deformable. The inner
portion of the ophthalmic tens has a modulus and a nigidity that 1s higher than the modulus and
the nigdity of the peripheral portion. The peripheral portion of the ophthalraic lens has a shape
suitable for engaging the eye outside the optical region so as to support the inner portion in
alignment with an optical region of the eye. In certain embodiments, the peripheral portion is
configured to engage a tissue of the eye such as the epithelium and to prevent or minimize
maotion of the ophthalmic deviee with respect to the optical region of the eye. In certain
embaodiments, the inner portion, the peripheral portion, or both the inner and peripheral portions

may deform or deflect upon blinking of the cye.

{6233} In certain cmbodiments, the refractive shape of the epitheliur extends across the
optical region of the eye such that the refractive error comprises astigmatism and/or a high-order
optical aberration. In such cmbodiments, the posterior surface extending across the optical
region adjacent the eye may or may not comprise a refractive shape so as to mitigate the
astigmatism and/or high-order aberration. Selection of a desired ophthalmic lens is performed so
that the peripheral portion of the ophthalmic lens has a suitable shape to maintain a lenticular
volume between the posterior surface of the ophthalmic device and the surface of the cye such as
the eptthelivm. Before, daring, and/or following positioning of the ophthalmic device on the
eye, the lenticular vohurne fills with tear fhud such that the anterior shape of the ophthalmic lens
corrects the refractive error. Accordingly, in certain methods, selecting an ophthalmic lens 18
performed so that the peripheral portion has a suitable shape such that tear fluid will fill a
lenticular volume between the posterior surface and the refractive shape of the eve so as to
mitigate the astigmatism and/or high-order aberration. Where tear fhuid is disposed between the
contact lens and the eye, and where the lens has a refractive index sufficiently close to that of the
tear fluid, the refraction of the eye may be largely independeunt of the shape the posterior surface
and/or lenticular volume, at least when the posterior surface initially contacts the lens and/or the

contact lens remains disposed on the eye. In certain methods, identifying an ophthalmic lens is
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independent of as least one member of the group a power of the astigmatism; and orientation of
the astigmatism about an optical axis of the eye, and/or as strength of the high-order aberration
and/or a type of high-order aberration.  As a consequence of the lenticular volume as defined by
posterior surface of the eye and the refractive shape bewng filled with tear fluid, it is not

necessary to orient an axis or position of the ophthalmic device with the eye.

{8236] Ophthalmic lens provided by the present disclosure may also be used for treating
presbyopia. Methods for treating presbyopia comprise, for example, positioning an ophthalmic
icns on an ¢ye so that an inner portion of the ophthalmic lens is disposed gver the optical region
of the cornea of the eye, and supporting the funer portion of the ophthalmic fens by engageroent
between a peripheral portion of the ophthalmic lens and a tissue of the eye outside the optical
region. The inner portion of the ophthalmic lens and the peripheral portion of the ophthalic
lens can be deformable such that the inner portion has a modulus and rigidity that is greater than
the modulus and rigidity of the peripheral portion. To correct for presbyopia, the inner portion
comprises a presbyopia~-mitigating refractive shape. In certain embodiments, a presbyopia-
mitigating shape is selected from an add region, a nultifocal shape, an aspherical shape, and a
combination of any of the foregoing. In certain embodiments, the peripheral portion coraprises
one or more radius of curvature configured to engage a tissuc of the eye such as the epithelium
30 as to prevent or mindrmze motion of the woer portion with respect to the optical region of the
cornea. The anterior portion of ophthalmic lens and the posterior surface of the eye define a
lenticular volume that is configured to fill with tear fluid. To facilitate filling and/or flow of the
tear fluid a plorality of fenestrations extending through the thickness of the peripheral region
may be disposed in the peripheral region. The fenestrations are disposed so as to facilitate, in
conjunction with motion of the ophthalmic lens, transfer of tear fluid through the lenticular
volume. Such methods of treating presbyopia using an ophthalmic lens provided by the present

disclosure may not require precise alignment of the ophthalic lens with respect to the eve.

{8237] Similarly, methods for correcting a refractive ervor of an eye, such as astigmatism
and/or spherical aberration, where the eye has a cornea with an epithelium providing a refractive
shape extending a cross an optical region of the eye are also provided. Methods for correcting a
refractive error comprise positioning an ophthalmic lens on the cye so that an inner portion of the

ophthalmic lens 1s disposed over the optical region of the comea, wherein a posterior surface of
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the positioned ophthalmic lens extends adjacent the eye and has shape diverging from the
refractive shape of the epithelium so that a lenticular volume 1s disposed between the posterior
surface and the epithclium. A peripheral portion of the ophthalmic lens may coroprise a plurality
of fenestrations extending through the thickness of the peripheral portion and allowing passage
of tear fluid between the lenticular volume and the posterior {outer) surface of the ophthalmic
lens. In such embodiments, the inner portion of the positioned ophthalmic lens is supported by
engagement of a peripheral portion of the ophthalmic lens and a tissue of the eye such as the
epitheliurn outside the optical region. The peripheral portion 18 configured to support the inner
portion of the ophthalmic lens, to prevent or minimize motion of the inner portion with respect to

the optical region of the cye, and fo facilitate filling of the lenticular volume with tear fluid.

{6238] Fenestrations may be disposed outside the optical region of the ophthalmic lens and
inward of a region of engagement between the peripheral portion of the ophthalmic lens and a
tissue of the eye. The inner portion and the peripheral portion of the ophthalmic lens are
deformable, for example, deformable upon motion of an eyelid and/or over locally protruding
epithelial regions so as to inhibit pain, such that the inner portion has a modulus and rigidity that
is higher than the modulus and rigidity of the peripheral portion. lu certain cwbodiments, the
deformability of the inner portion and the outer portion of the ophthalmic lens are configured so
that blinking of the eye induces flow of tear fluid through the fenestrations into and out of the
lenticular volume, and that when the eye is not blinking the inner portion retains a shape that

corrects the refractive error of the eye.

{6239] In certain ernbodiments, the peripheral portion comprises one or more radius of
curvature configured to engage a surface of the eye and thereby resist motion of the inner portion
with respect to the optical region of the cye. For exaruple, in certain embodiments, a peripheral
portion comprises a phurality of radii of curvature wherein the radii of curvature become smalier
tromn the center of the ophthalmic lens toward the periphery. In certain embodiments, the
engagement between the peripheral portion and the tissue surface of the eye along the
engagement region inhibits lateral movement of the inner portion relative to the cornea during

bhinkiong.

[6246] Ip certain embodiments, methods of correcting refractive error provided by the present

disclosure can, for example, mitigate the refractive error, when viewing with the eye through the
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anterior surface, substantially indepeundent of a shape of the lenticular volume throughout a range
of astigmatic errors of at least about .5 I, at least about 1.0 D, and in certain embodiments, at
lcast bout 1.5 D, and is independent of a rotational orientation of the ophthalmic lens about a

viewing axis of the eye.

{62411 Methods provided by the present disclosure further comprise methods of remodeling
the shape of the epithelium of an eye. In certain cmbodiments, methods for optically remodeling
the relative shape of the epithelivm corprise positioning an ophthalmic lens on the eye so that an
inner portion of the ophthalmic lens is disposed over the optical region of the cornea, wherein a
posterior surface of the positioned ophthalmic lens extends adjacent the eye and has a shape
diverging from the refractive shape of the epithelium so that a lenticular volume 1s disposed
therebetween; and supporting the inner portion of the ophthalmic fens by engagement between a
peripheral portion of the ophthalmic lens and the eye outside the optical region so that fluid fills
the lenticular volume and viewing with the cye through an anterior surface of the ophthalmic
lens mitigates the refractive error. In methods of remodeling the shape of the epithelium to
correct refractive error of the oye, the ophthalmic lens may (though not always} does not
comprise feuestrations. The posterior surface of the ophthalmic lens defines a refractive shape
for correcting spherical power and when positioned on the eye defines a lenticular volume with
the surface of the eye. Over timoe, the eptthehum and/or underlying tissue of the eye may il or
otherwise occupy some, most, or all of the lenticular volume disposed over the optical region.
As with certain other embodiments, an ophthalmic lens for use in remodeling the shape of the
epithelium comprises a deformable jnner portion and a deformable peripheral portion such that
the inner portion has a higher modulus and rigadity than that of the peripheral portion and the
peripheral portion s configured to engage a tissue surface of the eye and to inhibit lateral

movement of the inner portion with respect to the optical region of the comea.

[6242] In certain embodiments, methods of remodeling the refractive shape of the epithelium
mitigate the refractive error when viewing with the eye through the anterior surface, substantially
independent of a shape of the lenticular volume throughout a range of astigmatic errors of at least
about (.5 I, at least about 1.0 D, and in certaim embodiments, at least bout 1.5 8, and 18

independent of a rotational orientation of the ophthalmic lens about a viewing axis of the eye.
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{8243} Furthermore, when the ophthalmic lens is removed from the eye the optical remodeling
of the epithelium mitigates the refractive error of the eve by at least about 1 %2 D at least about 8
hours, at least about 24 hours, and in certain embodiments, at least about 48 hours, after removal

of the ophthalmic lens from the eye.

{6244} Certain embodiments provided by the present disclosure comprise sets of alternatively
selectable ophthalmic lenses for correcting refractive errors of eyes of a population of patients.
Such sets of ophthalmic lenses may be used n the methods disclosed herein. The plorality
alternative ophthalmic lenses have differing spherical powers representing different refractive
corrections. Hach of the plurality of alternative ophthalmic lenses comprises an anterior sarface
corresponding o an associated desired spherical power, the anterior surface extending along an
nner portion of the ophthalmic lens, wherein the mner portion of the ophthalmic lens is
deformable; and a peripheral portion of the ophthalmic lens extending radially outward from the
nner portion, the peripheral portion having a rigidity lower than that of the fnner portion and
configured for engaging tissue outside the optical region so as to support the inner portion in

alignment with an optical region.

[8245] In certain embodiments, ophthaloic lenses suitable for use in methods provided by the
present disclosure comprise an inner portion configured to be disposed over the optical region of
the cornea of an eye, and a peripheral portion configured to support the inner portion of the
ophthalwic lens by engageroent between the peripheral portion of a tissue of an eye such as an
epithelium disposed outside the optical region. The inner portion and the peripheral portion are
deformable such that the modulus and rigidity of the inner portion is higher than that of the
peripheral portion. In certain embodiments, the peripheral portion comprises one or more radi
of curvature whereby the peripheral portion engages a surface tissuc of an eye to prevent or
mitigate motion of the inner portion with respect to the optical region of the cornea during

blinking.

{8246] For treatment of presbyopia, the inner portion of the ophthalmie lens comprises a

surface extending along the inner portion comprising a presbyopia-mitigating refractive shape.

{6247} For treatment of spherical refractive error the surface extending along the inner portion

of the ophthalmic lens comprises a shape configured to correct spherical refractive crror.
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{6248] In certain embodiments, the mner portion may be configured to correct non-spherical
refractive errors such as astigmatic error, multifocal error, higher order aberrations, and custorn

optically corrective functions such as pin holes.

{8249] Certain embodiments provided by the present disclosure include devices comprising an
optical component and a coupling component, the optical component comprising a first material
having a first modulus, and the coupling cormponent comprising a sccond material having a
second modulus, wherein the fivst modulus is greater than the second wodulus. FIG. 5 shows

device 500, comprising optical component 501 and coupling component 502.

[§258] In certain cmbodiments, device 500 has a diameter 510 from about 9 ram to about 16
g, in certain cmbodiments, from about 10 mm to about 15 mm, and in certain erabodiments,

from about 12 mm to about 14 mm.

{6251] In certain embodiments, optical component 501 comprises a center thickness from
about 150 um to about 500 um, from about 200 ur o about 400 wro, and in certain

embodiments, from about 250 um to about 350 um.

{6252} In certain embodiments, optical component 501 comprises a first material having a first
thickness 505 and a second material having a secound thickness 503, In such embodiments, the
second material may be disposed on the inner surface of optical component 501, ¢.g., the surface
facing the comea, and may be the same material as the material forming coupling coraponent
502. The second material may have a thickness 503 from about § um to about 60 pm, from
about 10 pro to about 50 um, and in certain ermbodiracnts, from about 20 ym to about 40 pm. In
such embodiments, where optical component 501 comprises two materials, the total thickoess of
the optical component may be from about 100 um to about 550 pm, from about 200 um to about

450 w, and w certain embodiments, frow about 250 um to about 350 pm

{6253] In certain ebodiments, optical component 501 comprises an optically clear material
having a modulus from about 16 MPa to about 70 MPa, from about 20 MPa to about 60 MPa,
from about 20 MPa to about 50 MPa, and in certain embodiments from about 30 MPa to about

40 MPa.

{8254] Optical component 501 may be configured to correct vision or may not be configured

{0 correct vision,
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{B255] In certain embodiments, optical componcent 541 coraprises a material selected from
silicone, silicone hydrogel, and a combination thereof. In certain embodiments, optical
corponent 501 comprises silicone, in certain embodiments, stlicone hydrogel, and in certain

erabodimoents a combination of silicone and silicone hydrogel.

{8256] In certain embodiments, optical component 531 comprises a center thickness from
about 150 um to about 500 um, a diameter from about 3 ram to about 9 mam, a radius of

curvature from about 7 mm to about 12 mm, and a modulus from about 20 MPa to about 50

MPa.

{6257} In certain cmbodiments, coupling coraponent 502 extends from optical component 501
to an outer periphery S04, where the thickness at the juncture with optical component 501 is the
same as or similar to that of optical component 502, and gradually tapers toward outer periphery
504, wherein the thickness of the couphng component at the peripbery us from about 5 o to

about 60 pm, from about 10 pm to about 50 um, and in certain embodiments, from about 20 um

to about 40 pm.

[6288] In certain conbodiments, coupling coraponent 302 comprises at least one radius of
curvature 512. For example, in certain embodiments, coupling component 502 comprises a
single radius of curvature, and in certain embodiments, couphng component 502 compriscs more
than one radius of curvature such as two, three, four, five, six, or more than six radii of curvature.
The at least one radius of curvature can be, for example, from about 3 mra to about 15 mm, from
about 6 mm to about 13 mm, from about 7 mm to about 12 mm, and in certain embodiments,

from about 6 mum to about 10 mm. The one or more radius of curvature 512 characterizing

coupling cormponent 502 are less than the radius of carvature of optical component 531,

{6259]  In certain embodiments, coupling component 502 comprises a material having a
modulus from about §.05 MPa to about 4 MPa, from about 0.1 MPa to about 3 MPa, from about

0.1 MPa to about 2 MPa, and in certain cmbodiment from about 8.2 MPa o about 1.5 MPa.

[6268] In certain embodiments, coupling coraponent 302 comprises a matenal selected from
siticone, silicone hydrogel, and a combination thereof. In certain embodiments, coupling
component comprises silicone, in certain embodimeunts, silicoue hydrogel, and in certain

embodiments a combination of silicone and silicone hydrogel.
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{8261} In cortain embodiments, coupling component 502 comprises a plurality of fenestrations
509 extending through the thickness of the coupling component. Coupling component 502 may
cornprise, for example, from 1 to about 30 fenestrations, from 1 to about 20 fenestrations, and in
certain embodiments, from about 1 to about 10 fenestrations. Fenestrations 509 may bave any
suitable shape to provide egress of tear fluid. Suitable shapes inchade, for example, circular,
elhiptical, oval, rectangular, square, slot, or cornbination of any of the foregoing. Each of the
plurality of fenestrations 509 may have the same shape or at lcast some of the fonestrations may
have different shapes. In certain erobodirnents, the fenestrations have a maximur dimension
(hole size} from about 50 um to about 700 wm, from about 100 um to about 500 ym, and in
certain ernbodiraents, from about 200 um to about 400 pym. Each of the fenestrations may have
the same maximum dimension or at least one of the fenestrations may have a different

dirmnension.
{6262} In certain cmbodiments, coupling coraponent 502 does not include fenestrations.,

{6263} In certain cmbodiments, coupling corponent 502 comprises a thickness tapering from
the thickness of optical component 581 to a thickness of about 30 pm at the periphery 504 of the
coupling component; a plurality or radius of curvature from about 7 mm to about 12 mm; and
comprises a material having a modulus from about 8.1 MPa to about Z MPa. In embodiments in
which coupling component 502 compriscs a plurality of radii of curvatures 512, the radius of

curvature decreases from the optical component toward the periphery.

{6264} The device, including optical component 581 and coupling component 502, is
configured to provide a scal o a tissue of an eye such as an epithelium to thereby resist

movement of the optical coraponent on an eye.

{8265] FIGS. 6A-6C show various lenses positioned on an astigmatic eye. For each of FIGS.
6A-6C, the left image shows the configuration of the first radial and the right image shows the
configuration of the second radial corresponding to the aspheric projection 608, In FIG. 6A, the
configuration corresponding to the first radial inchades the optical surface of the cye 601 and soft
refractive lens 603, which provides a focus on retina 605, In the right image of FIG. 6A, the
second radial direction corresponds to a different refractive shape 602 that does not focus on the

retina. Soft, conforruable ophthalmic lens 604 conforms to shape 602 and thereby fails to correct
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the non-spherical sberration. FIG. 6B shows aspheric correction using a hard, non-conformable
ophthalmic lens 606. Again, the first radial and the second radial correspond to different optical
shapes 601 and 602, respectively. Although hard ophthalmic lens 606 corrects vision, the lens
must be oriented to correct the asymietric profile of the eye. FIG. 6C schematically shows
correction of non-spherical aberration using ophthaimic lenses and methods provided by the
present disclosure (with the peripheral portion of the eye and leus outside the optical region
omitted for simplicity). Ophthalmic lenses provided by the present disclosure have a modulus
and rigidity that is configured to provide a lenticular volume between the optical surtace of the

~
I
I

eye 602 and the ophthalmic lens 647, For correction of presbyopia, the ophthalmic lens is
contigured such that the lenticular volume fills with tear tluid. As can be appreciated, i is not

necessary to orient ophthalmic lens 607 to correct nou-spherical optical aberrations.

{8266] Devices provided by the present disclosure may be used as platforms in a number of
ophthalmic applications including, for example, epithelium healing, spherical correction of

astigroatism, presbyopic solutions, epithelial reshaping, and dry eye.

{62671 In certain embodiments, devices may be used to facilitate epithelial healing. Epithelial
defects can occur, for example, as the result of PRK, filamentary keratitis, evaporative dry eye,
or physical injury to the eve. In these and other applications, including applications in which

vision is corrected,

{8268} When positioned on the cye of a patient, the inner surface of the device and the outer
surface of the eve, which may include, for example, the cornea, Bowman’s membrane, and /or
epithelivm, can define a chamber to facilitate healing and/or growth of the epithelium. In such
applications it is desirable that a device control moisture content and exhibit a high Dk to
facilitate extended wear. Using devices and methods provided by the present disclosure,
coraplete epithelial regrowth following PRK surgery can occur within about 48 hours, about 72

hours, 96 hours, and in for certain patients, within about 1 week following PRK.

{6269] When used for spherical correction of corneal astigmatism, devices and methods
provided by the present disclosure exhibit the advantages of iraproved comfort corapared to gas
permeable lenses, enhanced vision compared to soft contact lenses, and reduced fitting time

cornpared to toric and GP lenses. Devices and methods can, in cortain embodiments, correct
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greater than 95% of astigmatic crrors, uregular astigmatisto such as induced by traurna or RK,

and carly kerotoconus.

{6278} In certain ebodiments, a device comprises an optical component that corrects vision,
Thus, in addition to spherical correction, the optical component can be configured to support

multifocal, higher order aberration or custom optical designs such as pin holes.

{62711 In epithelial reshaping applications, devices and methods provided by the present
disclosure can be used to reshape the epithelial during wear, and correct vision for a period of
time after the device is removed from the eve. For example, to correct myopia, a device can be
uscd to guide the epithclium toward the periphery of the eye and to create a flatter conter curve.
To correct hyperopia, a device way be used to guide the epithelium toward the center of the eye
and to create a steeper center curve. In certain embodiments, a device can be used to induce
mulitfocality for vision correction by guiding the epithelinom toward a desired location or
locations on a cornea by molding with an aspheric optic. The induction of mulitfocality through

epithelial resphaping can be useful to correct vision in presbyopia and myopia.

(82721 1o certain embodiments, ophthalmic lenses provided by the present disclosure are
configured to correct refractive errvor such as astigmatism. The lenses provide a smooth spherical
anterior surface and minimize fens-induced distortions by reducing flexure of the inner optical
portion and by maintaining lens centration during wear. Reduced flexure of the inner optical
portion can in part be accomplished by ncreasing the rigidity of the fnner portion and by creating
a tear lens. Centration of the uner optical portion minimizes astigmatic and prismatic effects

caused by tilting of the optic and also minimizes edge distortion.

[8273] Ophthalmic lenses provided by the present disclosure can achieve visual correction at
least equivalent to that of soft toric contact lenses and achieve a superior comfort level compared
to soft toric contact lenses. Furthermore, because the ophthalmic lenses provided by the present
disclosure are radially symmetric, fitting to an eye of the patient involves only accommodating

the spherical correction and an inventory of lenses for correcting cylindrical error 18 not required.

{6274] Ophthalmic lenses provided by the present disclosure include an inner optic portion
configured to be disposed over the optical region of the cornea and a peripheral or outer portion

that is disposed radially outward of the inner portion.  An ophthalmic lens includes a posterior
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surface that extends along the inner portion of the lens and is adjacent an eye when applicd to an
eve of a patient. An ophthaimic lens also includes an anterior surface that extends along the
outer surface of the lens and opposite the posterior surtace. In general, the inner portion of a lens
is configured to improve vision and the peripberal portion is configured to iraprove comfort.
However, the configuration of the inner portion can play a role in determining patient comfort,
and the peripheral portion, at least in part, by mamtaining centration of the inner optical portion

on the optical portion of the cornea during wear enhances the visual outcome.

{6275} 'The inner optical portion of a lens is configured so that engagement of the posterior
surface against the eye deforms the posterior surface so that the posterior surface of the inner
portion has a shape diverging from the refractive shape of the epithelium and optical portion of
the corneca. The anterior surface of the mner portion of the ophthaimic lens provides g spherical

surface 1o correct a patient’s vision.

{6276] In certain ebodiments, the inner optical portion of a lens is characterized by a
diamecter from about 5 mm to about 10 mm, from about 7 mm to about 9 mm, from about 7.5
mm to about 8.5 mm, from about 7.8 mm to about 8.2 mm, and in certain embodiments, about ¥
mmn. The anterior inner portion of a lens 18 characterized by a substantially spherical profile
without a cylindrical componeunt. In certain embodiments, an inner portion is characterized by a
thickness from about 100 yum to about 900 ym, from about 200 pm to about 900 um, from about
300 pum to about 700 um, 300 um to 900 um, from S50 um to 8534 pm, from 600 um to 750 um,
from 600 pum to 800 um, from 600 um to 725 um, and in certain embodiments, from 600 pm to
700 wrn. fo comparison, commercially available toric coutact lenses for correcting refractive

error are characterized by a thickness from about 150 um to about 250 um.

{6277} In certain cmbodiments, the inner portion comprises a first layer of material forming
the posterior surface of the lens and a second layer of roaterial formung the anterior surface of the
lens. The first layer is thin and can be formed from the same material as that of the peripheral
portion. In certain crabodiments, first layer is from 10 um to 60 pm, from 20 pum to 56 um, and
in certain embodiments from about 25 to about 35 ym thick. The first layer retains the inner
portion. In certain crabodiraents, an mnner portion compriscs a third layer overlying the anterior
surface of the second layer. Again, as with the first layer, the third layer s thin, having for

example a similar thickness to that of the first layer, can be formed from the same material as the
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material forming the peripheral region, and retains the sccond layer, which 1s also referred to as
the button. The second layer or button provides the bulk of the thickness of the inner portion of a

{ens.

{6278] The mner optical portion of a lens is characterized by a nigidity where the rigidity of the
fnner portion is greater than the rigidity of the peripheral portion of the lens. In certain
embodiments, the inner portion is characterized by a rigidity from about SE§ MPa-um’ to about
2 E10 MPa-unt’. As disclosed herein, the rigidity is a function of the thickness and the modulus
of the material. Ophthalmic lenses provided by the present disclosure employ a soft, low
modulus material for the inner portion and achieve increased nigidity by increasing the cross-
sectional thickness. For example, in certain embodiments, the modulus of the material forming
the mner optical portion is from about 10 MPa o about 100 MPa. It is believed that the soft, low
modulus material improves patient comfort.

{6279} In certain cmbodiments, the rigidity of the inner portion of the device 1s greater than the
rigidity of the outer portion. For example, in certain embodiments, a device can have an inner
rigidity from about 1.2E-6 Pa-m’ to about 3.1E-3 Pa-m’, from about 1E-5 Pa-m’ to about 1E-3

ki . . . . 3, ; 2
Pa-ro”, and in certain embodiments, from about 1E-4 Pa-mv to about 1E-3 Pa-m.

{6288] In certain embodiments, a device can bave an outer rigidity from about 5.4E-9 Pa-m’ to
about 1.5E-4 Pa-m’, from about 1E-8 Pa-m’ to about 1E-4 Pa-m’, from about 1E-7 Pa-m’ to

- 3 . . . ~ . 2 3
about 1E-5 Pa~-m, and in certain erabodiraents, from about 1E-6 Pa-m” to about 1E-S Pa-m.

{6281} The ngidity of a portion of the device can be increased by increasing the thickness of a
singlc material, using & material having a higher modulus for the same thickness, or by

combining materials having different rooduli and thicknesses.

{6282] The nigidity of a portion of a device 1s approximated by the modulus of the waterial
comprising the portion multiplied by the cube of the thickness. When a portion comprises more
than one material, the nigidity can be approximated based on the average modulus of the portion
multipiied by the thickness cubed of the portion. For example, a portion comprising a first
material with a modulus of 20 MPa and & thickness of 30 um and a second material with a
modubus of 5 MPa and a thickness of 10 wm will have an average modulus of 18.5 MPa. The

rigidity of the portion can then be approximated by multiplying the average modulus tirnes the
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cube of the thickness, which for the present cxampie is determined to be 18.5E° Pa-nt’,
Although these calculations can be based on approximations, a person skilled in the art can
conduct simulations, for exaraple finite clernent modeling simulations, so 85 to more accurately
estimnate relative ngidity and/or can measure pressures and deflection forces to determine

rigiditics of the various portions of the device.

{6283] In certain ermbodiments, an inner portion of a device 18 further characterized by an
index of refraction that may correspond substantially to the 1ndex of refraction of the cornea, for
example the index of refraction may be within a range from about 1.38 to about 1. 43 so as to
match the index of refraction of the cornea to within about + §.05. In certain cmbodiments, the
ner portion and the outer portion are characterized by an index of refraction from about 1.38 to

about 1.43 so as to match the mmdex of refraction of the cornea to within about +3.05.

{8284] In certain embodiments, for example, where the device provides vision correction, the
inner portion may be characterized by an index of refraction that is different than the refractive

index of the cornea.

[62858] In certain embodiments, an inner portion comprises an optically clear material having a
modulus from about 10 MPa to about 100 MPa, 10 MPa to about 70 MPa, from about 20 MPa to
about 60 MPa, from gbout 20 MPa to about 50 MPa, and in certain embodiments from about 30
MPa to about 40 MPa. In certain embodiments, the inner portion comprises a material
characterized by a modulus from about 20 MPa to about 30 MPa, from about 22 MPa to about 28

MPa and in certain embodiments about 25 MPa.

{6286] In certain embodiments, the inner portion of a device comprises a single material
having a modulus from sbout 1.2 MPa to about 25 MPa, a thickness from about 100 um to about
500 wm, and a rigidity from about 1.2E° Pa-m’ to about 3.1E” Pa-m’. In certain embodiments,
the outer portion of a device comprises a single material having a modulus from about 0.2 MPa
to about 1.4 MPa, a thickness from about 30 pro to about 500 pw {e.g., tapering frow the
thickness of the inner portion), and a rigidity from about 5 4E” Pa-m’ to about 1.5E™ Pa-m’. In
certain ernbodiraents, the inner portion of a device comprises a single material having a modulus
from about 1.2 MPa to about 25 MPa, a thickness from about 100 um to about 500 um, and a

rigidity from about 1.2E° Pa-m’ to about 3.1E~ Pa-m’; and the outer portion of a device

72



WO 2013/184239 PCT/US2013/037219

compriscs a single material having a modulus from about 0.2 MPa to about 1.4 MPa, a thickness
from about 30 um to about 500 um {e.g., tapering from the thickness of the inner portion}, and a

rigidity from about 5. 4E” Pa-m’ to about 1.5E™ Pa-m’.

{6287] In certain embodiments, an inner portion comprises a material selected from sihicone,
silicone hydrogel, a hydrogel, and a combination of any of the foregoing. In certain
embaodiments, an inncr portion comprises silicone, in certain ermbodiments, silicone hydrogel, in
certain evobodiments, a hydrogel, and i certain embodiraents a combination of silicone and

silicone hydrogel.

{6288] FIG. 7 shows a cross-section view of a device according to certain erabodiments of the
present invention. The device shown 1n FIG. 7 has a least a tri-curve profile including a central
curvature, a mid-periphery curvature, and a peripheral curvature. The central curvature refers to
the curvature of the 1oner portion of the device spanning av approximately 3 mim diameter region
in the center of the device. The mid-periphery curvature refers to the curvature in a radial region
about 5 um from the center of the device. The peripheral curvature refers to the curvature
toward the edge of the device. In certain embodiments, as shown for example in FIG. 7, the
transition from the peripheral curvature region to other parts of the device may not be smooth
and may be characterized by an angle. FIG. 7 shows a centerline 701 of devices 700 provided by
the present disclosure, having a central region 702 and mid-peripheral regions 704 on either side
of the central region 702, To certain embodiments, the diameter 703 of central region 702 1s from
about 5 mm to about 7 mm, from about 5.5 mm to about 6.5 mm, and in certain cmbodiments is
about 6 mim. In certain embodiments, the mid-peripheral regions 704 extend form the edge
diameter of center region 702 to about 5 mm from centerline 701, Accordingly, the diameter of
the mid-peripheral region can be from about 7 morn to about 11 muan, from about 7 ram to about
10 mm, from about 6.5 mm teo about 11 mm, from about 6.5 mum to about 10 mm, and in certain
embaodiments, from about 6 mru to about 10 mun. In certain ecmbodiments, the peripheral
diameter 707 of a device can be from about 11 mm to about 16 mm, from about 12 mum to about
15 mm, and in certain embodiments, about 14 mm. As referred to herein, the puter portion
coraprises the mid-peripheral regious, which are also referred to as intermediate portions, and the

peripheral portion.
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{6289] In certain ermbodiments, an outer portion compriscs 4 material having a modulus from
about 0.05 MPa to about 4 MPa, from about (.1 MPa to about 3 MPa, from about §.1 MPa to
about 2 MPa, and in certain ecmbodiment from about §.2 MPa to about 1.5 MPa. In certain
erabodiraents, the outer portion coraprises a material characterized by a modulus from about 0.9
MPa to about 1.5 MPa, from about 1 MPa to about 1.4 MPa, and in certain embodiments, about
1.2 MPa. In certain embodimetus, the watenial forming the pertpheral portion is characterized by
a moduls from about §.01 MPa to about 10 MPa, from about .01 MPa to about & MPa, from
about .01 MPa to aobut 5 MPa, and in certain embodiments, from about 0.01 MPa to about 2
MPa. In certain embodiments, a device comprises an inner portion formed from a material such
as a silicone polymer, silicone hydrogel, or hydrogel characterized by a modulus of about 25
MPa, and an outer portion formed from a material such as a silicone polymer or silicone

fiydrogel characterized by a modulus of about 1.2 MPa.

{6298] In certain embodiments, an outer portion comprises a material selected from silicone,
silicone hydrogel, a hydrogel, and a corobination of any of the foregoing. In certain
embodiments, coupling component comprises silicone, in certain embodiments, silicone
hydrogel, a hydrogel, and in certain crabodiraents a combination of silicone, stlicone hydrogel,

and/or a hydrogel.

{8291] In certain embodiments, the material forming a device including both the inner and
outer portions have low water content and 1s characterized by low water or ion permeability. In
certain embodiments, the water content 18 less than about 3%, less than about 4%, and in certain
embodiments, less than about 3%. In certain embodiments, the material forming a device has a
water content fess than about 1%, less than about 8.6%, and in certain embodiments, less than
about 0.3%. In certain embodiments, the material less than about 0.4x10° em’/sce, less than

A 1D an?) ‘ . ‘ ‘ ETNC
about 0.2x10° cra’/sec, and in certain embodiroents, less than about 01107 cm™/sec..

6292} In certain embodiments, the inner portion comprises a differcot material thao the outer
portion. In certain embodiments, the inner portion and the outer portion comprisc the same
material. In embodiments in which the inner portion and the outer portion comprise the sarne
material, the different moduli may be realized by the detailed chemistry of the polymer used,

such as characterized by different crosslinking densities.
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[6293] In certain embodiments, the inner portion of a device and the outer portion of a device
comprise a first material characterized by a first modulus and extending along a lower surface of
the device; and the inner portion comprises a second material characterized by a second roodulus
disposed anteriorly to the fivst matenal, the second modulus being greater than the first voodulus.
In such embodiments, the first material is a thin layer that is configured to promote comfort of
the device when applied to the cormnea by cushioning between the anterior surface of the cornea
and the layer of the first material. The second material is configured to promote a beneficial

optical shape of an anterior surface of the applied device over the eye.

[6294] As a measure reflecting the rigidity of the inner portion, the flexure of the inner portion
can be determined using the ISC 18369-4 flexure test method. The flexure of inner portions or
buttons was determined for various thicknesses of a silicone material having a modulus of about

25 MPa.

{B295] A peripheral portion is radially disposed radially outward of the inner portion of an
ophthalmic lens. In general, the peripheral portion retains the inuer portion and is characterized
by approximately the same thickness as the inner portion at the interface between the inner and
peripheral portions, and the thickness of the peripheral portion tapers toward the peripheral edge.
In certain embodiments, the diameter of the peripheral edge is from about from about 12 mm to
16 mm, 13 mm to about 16 mm, from about 13.5 mm to about 15.5 mm, from about 14 mm to

about 15 mm, and in certain embodiments, from about 14.2 mm to about 14.8 mam.,

{6296] The peripheral portion is characterized by a lower rigidity than the inner portion and
can be formed from a material having a lower modulus than that of the inner portion. In certain
embodiments, the matenial forroing the peripheral portion is characterized by a modulus from
about 0.5 MPa to about 2.0 MPa, from about 0.8 MPa to about 1.7 MPa, from about 1.0 MPa to

about 1.4 MPa, and in certain embodiments, about 1.2 MPa.

{82971 The peripheral portion is configured to provide tear flow between the anterior surface
of the device and the epithelium. In certain embodiments, the peripheral portion comprises a
plurality of fenestrations extending from the anterior to the posterior surface of the peripheral
portion. In certain embediments, the plurality of fenestrations are disposed at a radius from a

central optical axis of the ophthalmic lens such as for cxample, at a radius proximate to the
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nterface between the inner portion and the peripheral portion. The plurality of fenestrations may
be symmetrically or asymmetrically disposed. The fenestrations may be configured to pump tear
hiquid between the peripheral portion and the epitheliurmn when the eye blinks so as to maintain a
tear layer between the posterior surface of the lens and the epitheliom and/or across the anterior
surface of the lens. In certain embeodiments, the plurality of fenestrations may be configured to
faciittate rerooval of the lens from the eve. In certain erubodiruents, the plurality of fooestrations
may be configured to facilitate air dissipation if airbubbles are trapped underneath the lens, In
certain embodiments, the plurality of fencstrations factlitates the removal of air bubble entrapped
within any lenticular volumes foliowing application of a lens to a patient’s eye. The plurality of
tenestrations may facilitate both removal of the lens forrm the eye and dissipation of air bubbles.
n certain embodiments, the plurality of fenestrations improves the reproducibility of visual
outcome in a population of patients wearing the lens compared to the visual outcome in a

population of patients wearing a coraparable fens without fenestrations.

[6298] In certain embodiments, the tnoer portion, the peripheral portion, or both the inner and
peripheral portions of an ophthalmic lens provided by the present disclosure are radially
syrmroetric. o certain embodiments, the anterior surface of the inner portion and the posterior

surface of the tnner portion are radially symmetric.

{6299] In certain cmbodiments of ophthalmic lenses provided by the present disclosure, the
faner portion and the peripheral portion are configured fo allow moverent of the lens relative to
the eye in response to blinking of the eye. In such embodiments, an ophthalmic lens is
configured such that the inner optical portion centers on the optical portion of the cornea
following blinking. During blinking the inner portion, the peripheral portion, or both the inner
and peripheral portions may deform and/or move with respect to the center optical axis of the
cornca. When an ophthalmic lens is worn by a patient, depending at least in part by the shape of
the patient’s cye and the configuration of the lens, the ophthalmic lens may move during blinking
ot may exhibit ouly micro-movement. However, 1o certain embodiments, a lens 1s not
configured to resist movement such that, for example, the peripheral edge of the lens is not
configured to fixedly engage the epithehiurn or sclera such that the inner portion resists

movement relative the cornea.
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{6306] In certain ernbodiments of ophthalmic lenses provided by the present disclosure, the
inner portion and the peripheral portion are configured to provide a tear fluid flow between the
peripheral portion of the ophthalmic lens and the cpitheliom.

{8301} Ip certain embodiments, an ophthalmic lens provided by the present disclosure includes
a reinforcement ring disposed toward the interface between the inner portion and the peripheral
portion. FIGS. 15A and 15B show perspective and cross-sectional views of an ophthalmic
device provided by the present disclosure incorporating a reinforcement ring. FIGS. 15A and
15B show an ophthalmic lens having 4 central optic portion 1501, g peripheral portion or skirt
1502, mechanically coupled to the inner portion 1501, in part by thin layer 1706 disposed along
the posterior surface of the fnner portion. Inner portion 1501 is characterized by a substantially
uniform thickness 1507 and a rigidity that is greater than the rigidity of peripheral portion 1702,
Peripheral portion 1502 includes g heal 1505 and a peripheral edge 1504, Reinforcement ring
1503 is disposed toward the interface between the central optic portion 1501 and the peripheral
portion 1502 and in the embodiment shown in FIGS. 15A and 15B the reinforcement ring 1503
is erabedded within central optic portion 1701, In FIG. 15A the differcot elevations of the
central optic portion and the peripheral portion are intended to show that these portions may have
one or more radius of curvature. A reinforcement ring roay be disposed or crabedded within the
fnner portion, disposed or embedded within the peripheral portion, or disposed at the interface
between the inner and peripheral portions. A remforceroent ring 1s configured to prevent or
minimize flexure of the inuner optic portion from forces on the eve and/or forces of the eye Hids
such as during blinking. A reinforcement ring is disposed at a radial location such that the ring
does not interfere with vision. A reinforcement ring may be a radially symmetric ring and can be
configured to facilitate centering of the ophthaimic lens on the optical region of the comnea
during wear. In certain embodiments, a rewnforcement ring may be made from a material having
a higher modulus than that of the materials forming the inner portion and the peripheral portion
of the lens. In certain erabodiracnts, a reinforcerent ring may be made from a rigid, optically
opaque or franslucent material such as, for example, polyimide, polyether ether ketone,
polyctherimnide, polysulfone, or a combination of any of the foregoing. In certain embodiments a
reinforcement ring may be made of a transparent rigid gas permeabie polyraer such as, for
example, polymethylmethacrylate, fluorosilicone acrylate, a silicone acrylate or a combination of

any of the foregoing. In certain embodiments, a reinforcement ring may be made from a metal
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such as, for example, titanium, stainless stecl, cobalt stecl, or a combination of any of the
foregoing. In certain embodiments, the material forming the reinforcement ring has the same
index of refraction as that of the material forming the noer portion. In certain erbodiments, a
reinforcement ring may have, for example, an mner diameter from about 4 vom to about 12 vom,
from about 6 mm to about 12 mum, from about 8 mim to about 12, and in certain embodiments,
from about 8 mm to about 10 mum. In certain erabodiments, a reinforcement ring may have, for
example, a width from about 0.1 mm to about 5 mm, from about | mm to about 4 mm, from
about 2 mun to about 3 mm, and in certain embodiments, from about 0.5 mm to about 2 mm. In
certain embodiments, a reinforcement ring may have, for example, a thickness from about 0.05
mm to about 8.5 mun, from about 8.1 mm to about §.4 mm, from about 0.2 mm to about 8.3 mm,
and in certain embodiments from about 0.2 mum to about 8.4 mm. A reinforcement ring may or
may not include features to enhance adhesion of the ring to the material forming the center optic
portion and/or the material forming the peripheral portion of the lens. For example, a
reinforcement ring may include concave and/or convex surfaces, indentations, partial through-
holes, full through-boles, perforations, serrated or irregular edges, or a cornbination of any of the

foregoing.

{6302} 'The peripheral portion of a lens can be tapered toward the peripheral edge. The taper
may be coutinuous or discontinuous. The peripheral portion may be flared outward toward the
peripheral edge and 1s referred to as a modified heeled configuration. A cross-sectional profile
ot a lens is determined by the inner portion characterized by a substantially constant thickness
and the shape of the taper of the peripheral portion. Examples of cross-section lens profiles are
shown in FIGS. 14A-14C. In general, the cross-sectional shape of an ophthalmic lens s
configured to correct refractive error of any eye, center the lens on the optical portion of the
cornea, facilitate motion of the lens with respect to the eye, provide flow of tear liquid between
the posterior surface of the lens and epithelium, and to provide comfort to a patient wearing the
iens. The ability of the lens to move, provide a fluid layer, and exchange tear fluid facilitates eye

health and improves comfort for extended wear,

{8303} The flexure of the 1nmer portion of lenses provided by the preseut disclosure is
presented in Table 1. Table 1 provides the force {(gm} required to flex an inner portion having

thicknesses frorn 200 pum to 850 um a certain percent of the un-flexed diameter. For thicknesses
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ot 200 i, 325 pm, and S50 um, the force required to displace the inner portion by 1% was too
small for the instrument to measure accurately. The results for a 150 pm-thick ioner portion of a
standard RGP torie lens and for a 250 um-thick hybrid toric lens, used to correct refractive error
are also presented in Table 1. As is shown by the results prescuted 1o Table 1, significantly more
force is required to flex the toric lenses than ophthalmic lenses provided by the present
disclsoure having a similar thickness. This 1s at least in part the consequence of the toric leuses

being made of a material having a much higher modulus than that of the present design.

Table 1.
. Thickness Force (gmy) to flex

Lens Design (um) 1% 16% 20%
ALY N/A 1.2 1.6
325 N/ 2 4.9 6.7

NXYV Rigig 350 N/A 2 25

Silicone 600 8 35 36
725 15 65 69
8580 24 431 G6

RGP 150 6.4 29 39

Seft Teric 2540 16 {1s 167

{6304] In certain embodiments, the force required to flex the inner portion using the ISO
18369-4 flexure test method by 1% is from acbut 0.5 gm to about 50 gm, from about 1 gm to

about 40 grm, and in certain embodiments, from about 5 gm to about 25 gm.

{6303} In certain cmbodiments, the nner portion 18 characterized by 4 rigidity trom about
5.0B10 Pa-um’ to about 5.0E8 Pa-um’, 2.0E10 MPa-ym’ to about 8E9 MPa-ym’, from about
1.8E10 MPa-um’ to about 8.5E9 MPa-uny’, from about 1.6E10 MPa-um’ to about 8.8E9 MPa-
um’, and in certain embodiments, frora about 1.5E10 MPa-pm’ to about 9E9 MPa-um’. In
crtain of such embodiments, the thickness of the inner portion is from about 650 um to about
850 pm, in certain embodiments, from 200 pum to 800 ym, and in certain embodiments, from 400
um to 800 pm. And, in certain of such embodiments, the modulus of the material forming the
nner portion 18 from about 20 MPa to about 30 MPa, from about 23 MPs to about 27 MP4, and

in certain embodiments, about 25 MPa. This can be compared to soft toric lenses having a
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central optic thickuess of about 70 um, a modulus of 1.7 MPa, and a rigidity of about 5.8E3
MPa-um’. This can also be compared to a RGP lens having a center optic thickness of 150 um, a
modutus of 1,200 MPa and rigidity of 4E9 MPa-um’. Compared to a soft toric lens, in cortain
erabodients, ophthalmic lenses provided by the present disclosure have a relative rigidity of the
central optic portion that is from about 10,000 to 30,000 times greater than the rigidity of the

central portion of a soft toric lens.

{6306] In certain embodiments, the inner portion s characterized by a rigidity from 4E8 MPa-
um’ to 1E10 MPa- pnt’, from 6E8 MPa-unt’ to 1E10 MPa-pm’, from 8E8 MPa-pm’ to 1E10
MPa-pum’, from 1E9 MPa-um’ to 1E10 MPa-um’ frors 2E9 MPa-um’ to 1E10 MPa-um’, from
4E9 MPa-um’ to 1E10 MPa-unt’, and in certain embodiments, from 689 MPa-um’ to 1E10
MPa-pm”. Tn certain of such embodiments, the thickness of the inner portionis frors about 100
um to 900 pum, in certain embodiments, from 200 um to 800 um, and in certain embodiments,
from 400 um to 800 um. And, i certain of such cmbodiments, the modulus of the material
forming the inner portion is from about 20 MPa to about 30 MPa, from about 23 MPa to about

27 MPa, and in certain embodiments, about 25 MPa.

{6307] In certain embodiments, ophthalmic lenses provided by the present disclosure are
characterized by a center rigidity of at least about 6E9 MPa-un’, at least about 8E9 MPa-um’, at
{cast about 1E10, at lecast about 1. 2E 10 MPamgmg and in certain embodiments, at least about
1.4E10 MPa-um’. The center rigidity can be selected based on the modulus and thickness of the
material or materials used to form the center optical portion of a lens. In general, the rigidity of
the central portion of a lens is selected to maitain a spherical anterior surface during use. In
certain embodiments, the thickness of the center of the optical portion is at least 200 pum, at least
300 um, at least 400 um, at least 500 pro, at feast 600 um, at least 700 wo, and n certain
embodiments at least 800 um. In certain embodiments, the thickness of the center of the optical
portion is from 100 um to 900 pym, from 200 pam to 900 um, from 300 um to 900 pm, from 400
um to 900 pm, from 500 pm to 900 um, from 600 um to 700 wm, from 700 um to 800 pm, and
in certain embodiments at least 300 pro to 600 pm. In general, lenses with a thinoer central
thickness are more comfortable to wear. In certain embodiments, the inner portion of an

ophthalmic lens is formed from a material characterized by a modulus less than 1,000 MPa, less
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than 750 MPa, less than 500 MPa, lcss than 250 MPa, lcss than 200 MPa, lcss than 100 MPa,

less than 50 MPa, less than 30 MPa, less than 20 MPa, and in certain embodiments, less than 10
MPa. In certain cmbodiments, an ophthalmic lens 15 characterized by a conter nigidity of at least
about 6E9 MPa-um’, a thickness from 200 um to 900 um, and a modulus from 10 MPa to 1,000

MPa, and in certain embodiments a modulus from 10 MPa to 200 MPa.

{6308] In certain embodiments, an inner optic portion is characterized by a thickness from 100
um o 900 um, by a modulus from about 10 MPa to about 1,000 MPa, and a rigidity of at least
about 4ESMPa-um’. In certain embodiments, an inner optic portion is characterized by a
thickness from 100 wm to 900 pum, by a modulus froma about 10 MPa to about 600 MPa, and a
rigidity of at least about 4E&MPa-um’. In certain embodiments, an inner optic portion is
characterized by 4 thickness from 100 pm to 900 wm, by a modulus from about 10 MPs to about
300 MPa, and a rigidity of at least about 4E8MPa-um’. In certain embodiments, an inner optic
portion 1s characterized by a thickness from 100 um to 900 pra by a modulus from about 10

MPa to about 100 MPa, and a rigidity of at least about 4E8MPa-pm”.

{8369 In certain embodiments, an inner portion of an ophthalmic lens is characterized by a
center rigidity of at least about 1E9 MPa-pm’, a thickness from 100 um to 800 pum, and a
modulus from 10 MPa to 800 MPa, and in certain embodiments a modulus from 10 MPa to 200
MPa. In certain embodiments, an ophthalmic lens is characterized by a center rigidity of at least
about SE8 MPa-um’, a thickness from 100 um to 800 um, and a modulus from 10 MPa to 800

MPa, and in certain embodiments a modulus from 10 MPa to 200 MPa.

{6316} In certain embodiments and depending at least in part on the shape of a patient’s
cornea, the posterior surface of an ophthalraic lens may vot completely conform to the surface of
the epithelium during wear. Thus, at least a portion of the inner portion, the peripheral portion,
or both the wner and peripheral portions by form a vault over at least certain portions of the
underlying epithelium to form one or more lenticular volumes. The lenticular volumes may be
tilled with tear hiquid. The ability of the lens to roove on the eve during blinking and any
fenestrations if present can circulate tear fluid the lenticular volume and exchange tear fluid with

other parts of the eye.
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{6311} In certain erbodiments, the inner portion and the peripheral portion are formed from

siticone, a silicone hydrogel, a hydrogel, or a combination of any of the foregoing.

{6312] FIG. RA shows the average spherical lens corrected visual acuity (LogMAR} in a
population of patients having uncorrected 1.25DC to 2.00DC cylindrical error (low to moderate
astigmatism) when wearing a lens of the present disclosure. The average spherical lens visual
acuity (LogMAR) for cach thickucess of lens 1s shown above the minimum and maximum values.
The nurber of patients tested is also indicated 1 the figure. Soft toric contact lenses suitable for
correcting low to moderate astigmatism provide 20/20 vision (Toric SCL) 0.00 LogMAR with a
standard deviation of £0.15 (18D}, Similar corrected visual acuitics are obtained with lenses
provided by the present disclosure in which the thickness of the inner portion is from 600 um to
$00 uro and a modulus of 25 MPa. As reflected by the minimurm and maximum for the fenses
provided by the present disclosure, the deviation in the corrected visual acuities are less than

those for the toric soft contact lens product tested.

{8313] The results presented in FIG, 8A are represented in a different format in FIG. 8B to
show the percent of patients having equal to or better than 20/25 vision or having equal to or
better than 20/20 vision when wearing a lens having a central thickness of 600 um, 725 um, or
850 um, provided by the present disclsoure. Prior to wearing the lens, the patients had an
uncorrected cylindrical error from 1.25DC to 2.00DC. As shown in FIG. 8B, 100% of patients
had 20/25 viston or better for each thickness tested. Also, the percent of patients seeing 20/20 or

better increased with the thickness of the inner portion of the lens.

{6314] In certain embodiments, devices for correcting refractive error in patients having low to
moderate astigmatism corresponding to an ancorrected cylindrical ervor from about 1.25DC to

about 2.00DC when worn by a paticnt provide at least 20/25 vision or 20/20 vision.

{B315] FIG. 9A and FIG. 9B show results similar to those provided in FIG. 8A and FIG. 8B for
patients having uncorrected cylindrical ervor of 2.25DC to 3.00DC consistent with moderate to
high astigmatism. The average sperhical lens visual acuity (LogMAR) for cach thickness of lens
is shown above the rmuinimum and maximum of the measure values. The number of patients
tested ts also indicated in the figure. For patients with moderate to high astigmatism, soft toric

lenses provide an average spherical lens corrected visual acuity (LogMAR} of 0.15 =015
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(£15SD). As shown i FIG. 9A, ophthalmic lenses provided by the present disclosure having a
central thickness from 600 um to 856 um and a modulus of 25 MPaprovide an average spherical
lens corrected visual acuity that 1 equivalent to or better than that of the tested torie soft contact
lens. The histogram n FIG. 9B shows that for patienis having moderate {0 severe astigmatism,
the percent of patients secing 2(/25 or better and 2(/20 increases with increasing thickness of the

nner portion of the lens.

{8316]  In certain erbodiments, devices for correcting refractive error in patients having
moderate to high astigmatism corresponding fo an uncorrected cylindrical error from about

2.25DC to about 3.00DC when worn by a patient provide at least 20/23 vision or 20/20 vision.

(83171 Ip certain embodiments, when wearing an ophthalmic lenses provided by the present
disclosure an average corrected visual acuity in a population of patients having from 2.25DC to

3.00DC cylindrical error1s 0.1 £ 0.15 LogMAR or better.

{6318] In certain embodiments, when wearing an ophthalmic lenses provided by the present
disclosure an average corrected visual acuity in a population of patients having from 1.25DC to

2.060DC cylindrical error 18 6.0 £ 0.15 LogMAR or better.

[8319] Ophthalmic lenses provided by the present disclosure are configured to provide
refractive correction cquivalent to or better than RGP and soft toric lens, and to provide
enhanced comfort. The comfort of lenses provided by the present disclosure s compared to that
of commercially available soft toric contact lenses in FIG. 10A. A comfort score was
determined by asking patients to rate the level of comfort experienced while wearing a particular
lens on a scale from 1 to 10 with a score of 10 reflecting extremne comfort. The average comfort
score for cach thickness of lens is shown above the ervor bars for £15D. The number of paticnts
tested 1s also indicated in the figure. The average (18D} comfort scores for paticuts wearing
ienses of the present disclosure having an inner thickness from 275 um to €50 um are compared
with the cowfort score for five (5) different soft toric contact lens designs A-E. The results for
the present lenses were obtained within 30 minutes after a lons was applied to an cye. Fora 275
umi-thick lens, the comfort was also determined at the ond of one day. The results for the soft
toric contact lens were determined either one week or at the end of one day foliowing application

to the cye. The best soft toric contact lens provided a mean comfort score of 8.3 (£1.12) after

o
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one week of wearing. The lenses provided by the present disclosure provided an enhanced

comfort score with thinner lenses exhibiting greater comfort.

{8328] In certain embodiments, devices for correcting refractive error exhibit a mean comfort
level in a population of patients of at lcast 6.5, at least 7.5, at least 8, or at least 9 following
wearing the device for at least one day or for at least one week. In certain embodiments, devices
tor correcting refractive error exhibit a mean comfort level in a population of paticnts of at least

6.5, at least 7.5, at least 8, or at least 9 following wearing the device for at least 30 minutes.

{6321} The percent of patients experiencing a comfort level equal to or greater than 8 or a
corntfort level equal to or greater than 9 for inner region thicknesses of 600 um, 725 pm, and §50
um ave presented in FIG. 10B. The results generally demonstrate that the percent of paticuots

experiencing high comfort increases for lenses having a thickness around 725 pm and less.

{63221 In certain embodiments, ophthalmic lenses provided by the present disclosure do not
merease the risk of contact lens-related adverse events such as comeal ulcers, microbial keratitis,

and tritis.

{6323} FIG. 11 15 a schematic diagram of instrumentation for testing the flexure of an inner

portion or bution of a contact lens consistent with IS0 18369-4,

16324] FIG. 12 is a graph showing the relationship between thickness and flexure for certain
ophthalmic lenses provided by the present disclsoure. The force (gm) required to flex a central
portion or button of a lens having a thickuess from 200 pm to 800 pm by 18% 1s shown in FIG.

12.

{8325} FIG. 13 15 a histogram showing the force {(gm) required to flex an inner portion or
button of a lens by 1%. The flexure of lenses provided by the present disclosure (NXV) having
a central thickness from 600 um to 850 um is compared to the fiexure of a rigid gas permeable
(RGP) lens and a soft toric contact lens (A) used for treating astigraatic error.

{8326] Devices and methods provided by the present disclosure can also be used to address dry
eye. In such applications, the device material comprises a material such as silicone that has a
low water content and low water absorption, water evaporation from the eye can be controlled

and a tear or tubricant reservoir maintained.
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EXAMPLES
{6327} Embodiments provided by the present disclosure are further illustrated by refercuce to
the following exaraples, which describe the use of certain ophthalmic devices provided by the
present disclosure. It will be apparent to those skilled in the art that many modifications, both to

materials, and methods, may be practiced without departing from the scope of the disclosure,

Example 1
{6328] A subject requiring an optical correction of -2.63 Diopters (OD) and -2.13 Dhopters
(O8) characteristic for a subject having myopia wore ophthalmic lenses on both eyes for {very
roughly} about 40 hours. The inner and peripheral radi of curvature for the ophthalmic devices
are provided in Table 1. After about 40 hours, the ophthalmic lenses were removed and the
arnount of optical correction (Diopters) need to correct vision was determuned at various thmes.
The amount of optical correction (Diopters) needed after the ophthalmic lens was removed from

the subjects is presented in Table 2

Table 2. Amount of optical correction (Diopters) needed after wearing an ophthalmic lens.

Radii of
curvature for Tirac following ophthalmic lens removal
ophthalmic lens
Aroount
of ~ { Periphe
. Inner
COFECtio | o ral
nneeded | Carve {Smin{ 2hr | 4hr | 8br | 24hr | 30br | 48 by
e 1o, | (degre § L
{prior to i (degree
shield S)
Wear)
SUDJECt | gy | 295 | 430 | -0.63 |+013 ] +0.13 | NM | =050 | 075 | <125
41 OD 63 Q.2 63 B 13 , . TS5 25
S;;bgfj 213 | 395 | 415 | -0.63 | -0.13 | NM | NM | 0.00 | 0.00 | 238

*NM = No Measurement
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A subject requiring an optical correction of +0.13 Diopters (OD) and +0.25 Diopters

{(3S) characteristic for a subject having hyperopia wore ophthalmic lenses on the right eye for

{very roughly} about 35 hours, and on the lefi eye for (very roughly) about 17. The inner and

peripheral vadit of curvature for the ophthalmic devices are provided 1o Table 2. After about the

specified number of hours, the ophthalmic lenses were removed and the amount of optical

correction {DHopters) need to correct viston was determined at various times. The arsount of

optical correction {Diopters) needed after the ophthalmic lens was removed from the subjects is

presented in Table 3.

Table 3. Amouut of optical correction (Diopters) needed after wearing an ophthalwic lens.

Radii of
curvature for Time following ophthalmic lens removal
ophthalmic lens
Amount
of , Periphe
. inner
correctio Curve ral
nneeded | | Curve | Srmun{ 2hr 4 hr Shr | 24hr | 30hr | 48 hr
. {degre B
{(prior to es) {degree
shield ~> 8}
Wear '}
Seblect | o013 | 395 | 430 | 238|313 | 337|200 ] NM | NM | NM
#2 0D
Subje N , . . N . . ,
g’fg;’f +025 | 395 | 415 [ -100 | -125 ) NM | NM | 0.00 | NM | NM

*NM = No Measurement

{6330]

While the exemplary emsbodiments have been described in some detail, by way of

example and for clarity of understanding, those of skill in the art will recognize that a varicty of

modifications, adaptations, and changes may be eroployed. Hence, the scope of the present

mvention should be limited solely by the appended claims.
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CLAIMS

WHAT IS CLAIMED IS:

i. An ophthalmic lens for correcting a refractive error of an eye, the cye having a
cornea with an epitheliom providing a refractive shape extending across an optical region of the
eye, the ophthalmic lens comprising:

an mner optic portion configured to be disposed over the optical region of the cornea;

a posterior surface extending along the inner portion adjacent the eye when the inner
portion is disposed over the optical region, the inner portion configured so that engagernent of
the posterior surface against the eye deforms the posterior surface and so that the posterior
surface has a shape diverging from the refractive shape of the epithelium when viewing with the
eye through the ophthalmic lens;

a peripheral portion of the ophthalmic lens disposed radially outward of the inner portion;
and

an anterior surface of the ophthalmic lens extending along the inner portion opposite the
posterior surface so that viewing with the cye through the ophthalmic lens mitigates the

refractive error.

2. The ophthalmic lens of claim 1, wherein the rigidity of the inner portion is greater

than the rigidity of the peripheral portion.

3. The ophthalmic lens of claim 1, wherein the rigidity of the inner portion is from

about 2.0E10 MPa-um’ to about 8.0E9 MPa-uuy’.

4. The ophthalmic lens of claim 1, wherein the inner portion is characterized by a

thickness from about 100 um to about 900 um.

5. The ophthalmic lens of claim 4, wherein the force required to flex the inner

portion by 1% is from about 0.5 gm to about 50 gm.
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6. The opbthalmic lens of claim 1, wherein the inner portion comprises a material
having a roodulus from about 10 MPa to about 100 MPs and the peripheral portion coraprises a

material having a roodulus from about 0.01 MPa to about 10 MPa.

7. The ophthalmic lens of claim 1 wheretn the inner optic portion is characterized by
a thickness from 100 pm to 900 pm , by a2 modulus from about 10 MPa to about 1,000 MPa, and

a rigidity of at least about 4ESMPa- gmg .

8. The ophthalmic lens of claim 1, wherein the inner portion and the cuter portion
comprise a material selected from silicone, stlicone hydrogel, a hydrogel, or a combination of

any of the foregoing.

9. The ophthalmic lens of claim 1, wherein the inner portion is characterized by a
thickness from about 100 wr to about 900 pro and is formed from a material characterized by a

modulus from about 20 MPa to about 100 MPa.

10, The ophthalmic lens of claim 1, wherein the anterior surface of the jnner portion

18 characterized by a substantially spherical profile.

11, The ophthaimic lens of claim 1, wherein

the refractive error of the eye includes a cylindrical error; and

the anterior surface of the inner portion is characterized by a substantially spherical
surface so that correction of the cylhindrical error by the lens s primarily effected by the
divergence of the shape of the posterior surface from the shape of the epithelium when viewing

with the cye through the ophthalmic lens.

12, The ophthalmic lens of claim 1, wherein the mner portion is characterized by a

spherical anterior surface.
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13, The ophthalmic lens of claim 1, wherein the inner portion and the peripheral

portion are configured to allow movement relative to the eye in response to blinking of the eye.

14, The ophthalmic lens of clain 1, wherein the inner portion and the peripheral
portion are configured to provide a tear fhuid flow between the peripheral portion of the

ophthalmic lens and the epithelium.

15, The ophthalmic lens of claim 1, wherein the refractive error of the eye comprises
astigmatism, wherein the anterior surface of the inner portion and the posterior surface of the

nner portion are radially symroctric,

16.  The ophthalmic lens of claim 1, further comprising a plurality of fonestrations,

wherein the plurality of fenestratious is disposed 1n the peripheral region.

17.  The ophthalmic lens of claim 16, wherein the plurality of fenestrations is disposed

at a radius from a central optical axis of the ophthalmic lens.

18, The ophthalmic lens of claim 16, wherein the phurality of fenestrations is
contigured to purnp tear hiquid between the peripheral portion and the epithelium when the eye

blinks.

19, The ophthalmic lens of claiva 16, wherein the plurality of fenesirations are
configured to facilitate removal of the lens from the eye, to facilitate air dissipation if airbubbles

are trapped underneath the lens, or a combination thereof,

20, The ophthalmic lens of claim 16, wherein the plarality of fenestrations improves
the reproducibility of visual outcome in a population of patients wearing the lens compared to

the visual outcome in a population of patients wearing a cormparable lens without fenestrations.

21, The ophthalmic lens of claim 1, wherein the inner portion is configured to correct

vision and the peripheral portion 1s configured to cuhance cornfort.

D
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22, The ophthalmic lens of claim 1, comprising a reinforcement ring disposed

proximate an interface between the inner portion and the peripheral portion.

23, The ophthalmic lens of claim 22, wherein the reinforcement ring is emnbedded

within the inner portion.

24, The ophthalmic lens of claim 22, wherein the reinforcement ring is disposced

within the tnner portion at a location that is not coincident with the optical region of the cormea.

25, The ophthalmic lens of claim 22, wherein the reinforcement ring is formed from a

material having a higher modulus than @ modulus of a material forming the inner portion.

26.  The ophthalmic lens of claim 22, wherein the reinforcement ring is formed from

polymethyhmethacrylate,

27.  The ophthalmic lens of claim 1, wherein the lens 1s configured to center on the

optical region of the cornea following blinking of the eye.

28, The ophthalmic lens of claim 1, wherein the inner portion is characterized by a
diameter from 5 mm to 10 mm and the peripheral portion is characterized by an outer diameter

of 12 mm to 16 mrm.

29. A method for selecting an ophthalmic lens for correcting a refractive error of an
eye of a patient, the eye having a cornea with an epithelium providing a refractive shape, the
method comprising:

determining a desired spherical power so as to mitigate any spherical component
of the refractive crror; and
identifying, frov among a plurahity of alternative ophthalmic lenses having

differing spherical powers, a selected ophthalmic lens so as to provide:
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an anterior surface corresponding to the desired spherical power, the
anterior surface extending along an inner portion of the ophthalmic lens, wherein
the inner portion of the ophthalmic lens is characterized by a thickness frorn about
100 wm to about 900 pro and a peripheral portion of the ophthalmic lens has a
rigidity lower than a rigidity of the inner portion; wherein the ophthalmic lens is
configured to allow movement relative to the eye upon blinking of the eye and to
be substantially centered on the optical region of the cornea following the

blinking of the cye.

30. A mcthod for correcting a refractive crror of an ¢ye, the cye having a cornea with
an epithelium providing a refractive shape extending across an optical region of the cornea, the
method comprising:

positioning an ophthalmic lens on the eye so that an 1omer portion of the ophthalmic lens
is disposed over the optical region of the cornea, wherein a posterior surface of the positioned
ophthalimuc leus extends adjacent the eye and 1s deforroed by the epitheliur of the eye; and

viewing with the eye through an anterior surface of the ophthalmic lens while a shape of
the posterior surface diverges from the refractive shape of the epithelium so that the ophthalroic

lens mitigates the refractive error.

31, The method of claim 30, wherein the ophthalmic lens comprises:

an inner optic portion configured to be disposed over the optical region of the cornea and
characterized by a thickuess from 100 pm to 900 pm;

the posterior surface extending along the inner portion adjacent the eye when the inner
portion is disposed over the optical regioun, the posterior surface having a shape diverging from
the refractive shape of the epithelium;

the peripheral portion of the ophthalmic lens s disposed radially outward of the inner
portion; and

the anterior surface of the ophthahmic lens extends along the inner portion oppostic the

ostertor surface so that viewing with the eve mitigates the refractive error,
= ot
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32.  The method of claim 30, wherein following wearing the lens for at least 30

minutes, an average comfort score in a population of patients is at least 6.5.

33, The wethod of clairo 30, wherein following the positioning of the lens, an average
corrected visual acuity in a population of patients having from 2.25DC to 3.00DC cylindrical

error is 8.1 £ 0.15 LogMAR or better.

34, The method of clair 30, wherein following the positioning of the lens, an average
corrected visual acuity in a population of patients having from 1.25DC to 2.00DC cylindrical

error is 0.0 = 0.15 LogMAR or better.

35.  The method of claim 30, the refractive error of the eye comprising astigiatism,
spherical aberration, or a combination thereof, wherein:

a phurality of fenestrations extends between the anterior surface and the posterior surface,
the plurality of fenestrations disposed outside the optical region;

the inner portion of the ophthalmic lens is deformable and the peripheral portion is
characterized by a rigidity lower than a rigidity of the inner portion;

mitigation of the refractive error when viewing with the eye through the anterior surface
1s substantially independent of the shape of the peripheral portion throughout a range of
astigimatic errors of at least about 1.5D, and 18 independent of a rotational orientation of the

ophthalmic lens about a viewing axis of the eye.

36. A sct of alternatively selectable ophthalmic lenses for correcting refractive errors
of eyes 1u a population of patients, each eye baving a cornea with an epithelium providing a
refractive shape, the set comprising:
a phurality of alternative ophthalmic lenses having differing spherical powers, each
ophthalmic lens comprising:
an anterior surface corresponding to an associated desired spherical power, the
anterior surface extending aloung an inmer portion of the ophthalwnc lens, wherein the

inner portion of the ophthalmic lens is deformable; and
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a peripheral portion of the ophthalmic lens extending radially cutward from the
inner portion, the peripheral portion characterized by a rigidity lower than a rigidity of
the inner portion and configured for engaging tissue outside an optical region of the cye

30 as to support the inner portion in alignment with the optical region.

37, An ophthalmic lens for correcting a refractive error of an eye, the eye having a
cornea with an epithelium providing a refractive shape extending across an optical region of the
eye, the ophthalmic lens comprising:

an inner optic portion configured to be disposed over the optical region of the cornea;

a posterior surface extending along the inner portion adjacent the eye when the fnner
portion is disposed over the optical region, the juner portion configured so that engagement of
the posterior surface against the eye deforms the posterior surface and so that the posterior
surface has a shape diverging from the refractive shape of the epithelium when viewing with the
eye through the ophthalmic lens;

a peripheral portion of the ophthalic lens disposed radially outward of the inner portion;
and

an anterior surface of the ophthalmic lens extending along the inner portion opposite the
posterior surface so that viewing with the eye through the ophthalmic lens mitigates the
refractive error;

wherein the inner optic portion is characterized by a thickness from 100 um to 800 um ,
and by a modulus from about 10 MPa to about 1,000 MPa, and a rigidity from about 4EEMPa-
aw’ to about 1. 2E10MPa; and

wherein the anterior surface 18 characterized by a spherical profile without a cylindrical

COMponen t.

38.  The ophthalmic lens of claira 37, wherern the modulus is from about 10 MPato

about 100 MPa.

o
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Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-21, 27-38
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-21, 27-38

Properties of an ophthalmic Tens and method of correcting
refractive error

1.1. claims: 1-9, 13, 14, 28, 29, 36-38
Properties of the material /s of an ophthalmic lens
1.2. claims: 10-12, 15, 21, 27

Optical properties of the inner portion of an ophthalmic
lens

1.3. claims: 30-35

Method of correcting a refractive error with an ophthalmic
lens

1.4. claims: 16-20

Ophthalmic lens with peripheral fenestrations

2. claims: 22-26

Ophthalmic lens with reinforcement ring around the optical
region
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 29-35

Independent claim 29 relates to a method of selecting an ophthalmic lens
that could, at least in principle, be carried out without any technical
assistance and would, therefore, have to be regarded as a mental act in
the sense of Rule 39.1.(iii) PCT. Thus, according to Rule 39.1 (iii) PCT,
the International Searching Authority is not required to search the
subject-matter of claim 29. Regarding claims 30 to 35 , the applicant is
informed that the subject-matter of such claims is to be interpreted as
referred to a treatment of a patient's eye in order to lTessen the
symptoms of an error of the optical system of the human eye, i.e. a
malfunction of the human body. Consequently, according to Rule 39.1 (iv)
PCT, the International Searching Authority is not required to search the
subject-matter of claims 30 to 35 since it refers to a therapeutic
treatment of the human body.
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(1P 56 4 110 JF HARAZ00F 100B 7] VARG ZS1F 100 [IFMHRH4 1200 e 414F 100A A,
FE M ACHTAR A 1 W E LU A2 21 A1 100 W] LU IERRI AL 77 a2 210 100A W] LUALKE
AR Z B Z AR . RS 2R 100B T] LLALRS HL G2 41 4E 100A /NSRS, LAA#7E
R ALE AT DAUEAT W RS 33 3 T b A T A 1) — A sk 3 2 A DUEZE FH IR 6 78 5 e Y £ e
A 41LF 100B W] LIALFERE G 20022 4L B P A 4LAF 100B1, #iA 2 DU R S0 4 100B3
CL A A ]S 4 100B2, HARIFE 4 100B2 R] LAE 4144 100B1 S5 4MBZLAF 100B3 2 [H] 4EfH
DAAE 2 0 AR L PR i =

[0102]  MHRHE PG FIEITIS (AR 2 3 ) , Sa22 214 100A FURE & 2044 100B 7] LA
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RARBER AR A CRSNERET 2> 120 (AN 100B o) LLRLEEIT 7 100F . i, Ha) i
1 100B2 W LA AE T & 100F. Shiiifior 120 n] AL RSN ERE 2> 10083, i 4Mf 2> 10083
ALFETUBRL 555 130, F CAREAmAI B34 120P FUIRLRE bt g5, TRLBERE 434 130 mT LA
BAEE R BISNFHR 7> 120P (3 G Al r o PUBRE 5 8070 W] DL H5 BE % AE R Mg 2 3 i sk
A A SRV IS 1) S AR B BT SRR 70 o PR BaE A 5 3, S AR B0 120 W] LI
520 1 W RE LA RIS 2 3 e %

[0103] [ 1A3 7 HY TR AR A W BC L8 S 51, =4 MR P15 Pk 2R G8VE VR 1] 1AL ] 1A2
g R = K

[0104] MU E AENRIG B, 234 100 7] UM 535 A L A0 I RN DR b 1) 45 F5 S {10 25
PN RMBRE s IR 73 TR, ARk A ARSI 1 g A o (0 HIR s ) P s 0
#1100 #2503 [ 2 AENRIG b o ARG 2 2hin , IRIS B2 RSN 7 120 AT EREE7> 110
ESE AR DU AR S F L0 s g DS AR 25 A o AR 1) B eS0T AR 1 1 i e = AR
o FRAT 100 P ERER Y 110 [e2E 2001 100A [ Iashn] LUK 25 i A2 3l LU I f
T A 3 2R TR 100TL, I HLAESC LS o, SR AIVEVR 100TL W] LAES FI & 73 120P

g,
[0105] P& 1A4 7 T AR A e BH St 49, 2 e IR S e 22 36 VR VR R 1] 1AL AT 1A2 125
AR,

[0106]  HHR G R F IS, A5 2F EI A vk, DUATEAS 440 0] LUz & A IR 2y 7 HL 3G K i =2
PR S5 100A T8 55 A AL 2 mT LUK 2328 (FVH VR 100TL 18 ik 7 W Y B4, FF HL
HNFEER 73 120P FUDUBERE 58843 130 5 &5 e fib n] L IVE VAR A1 B 84> 120P K 5 9ish.
P LS5 5 T, SMFEER 43 120P FIDURERE G 3043 130 AT LA i 25 5 DG 7 R e g 9 HOYG
SR 4Y L00A 328 B A SRS B IS T 13

[0107] % 100F W] LA T3 &6 2 b (A E DG 24 28 41 b0 K44 3. bmm 52 K44
4. 5mm) LAJk/NFF A 100F (56250015 . 4R 1M, U & B2 2%/ B & 28 DA &=tk
A] S AL DA AG S 0] DA T OGS N . & AT AR R R 4814 100 761 B B 1
SE I S B, EFE RN T & T D s A B 90 BRI DL R T DR KT T % LA e
N IRAE L1 180 FERMIIALE . FF % v LLESRAL T F I B 2 F DAFen 2 R e
TEEF b 180 FEFRH, i b N EUEl. B INE R & e T ARG & 2 GRS TE T IR I P 7 B
IR A4 (rivulet) DAME(ESHHIRAIEZL . H11, ARG 12 ah i PR IS T DAZE T FF &
I H ERRES T CA] N DR A R N 4. R e T I ELAR S 23 F ), EHR S RT
N3 G A w2 S S E R Y o M S Sl T 2 2 1D | o N e U

[0108] 5] LI FEVT 2 223 BB R I — AN B8 24, B & bt BB RARM KL
(ElanZE TR BR B L) LA AT G (alan, 4836 E 22 FF No. U. S. 2010/0036488 H1 ik
(1)) o Bk, Z84F ] CLALEE RARAF RIS B, 91 i 28 T IR SR I A 6k mT e B 3 40 5 L, 4%
PR BT LLELEE O 0-E Okt B, 39 0 B L AR IR 2 Sl (HEMA) 7K 38 J 7K 68 J2 ek i 7K s
WS HERR (BN K Al ) S ELATA . BN, a3 BRI AT DAL RS Ak i Ak 2 A
FER B PRk B L Ak R R (P R W L TR R R IR R B BRI A A i — A s £
Ao [EALREET ] DAALHE XU A FE AL AT RTV (S IRARAL ) (KRER . 11 201, B8 — PR a4t
(i NuSil) BUE SR ( ZH3E) (33 flsUn] DU TRCHIZS 1, /N T 10% 1)
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K E DMERE B 4 A B 8T LR R R BEEE fluorofocal o A EIA] LA
ALHE, ) W A BB AR A 6 2 R IR BRI K 10 % I8 &k & (BlanANiEid K
29 5% BE AN RL 1% ) BRI F MR, AR as 1 BA I 150 18 & Dk HF HAER:
st ) AR 300, I HL AT LUK A FE Ak R 1) ek 3 4 0 AT AR B AR T VR 2R T o A
A DAL FE KBRS (o) an ik i 7K s e ) B3 Akl 9 L mT LARH K24 5% 22 K24 35 %% i [l Y 1)
FIKEMM KL 0. 1Pa 22 KT 40Pa (13 Bl 838 Yo [ 20 A N R & T8 iz g 14, IS 21
/D Sy M WU A7 R TR R o AR LSS s A 2 TR AR AR FE KO B %
AR LR LB R AL R B o A1 40, 2t 0 2 A I 28 S /MU B BHL L A TR R ARt
B LA S W AFR AT S0 100 B AR B VE A AR I8l o AR AL AR 3 IF Hak$e e s 1k
) — A 2 AR} LU /MBI B T2 s 1 5 B R 7K 70 5k

[0109]  ZEFELEST M, T Rl FH A TR AL B4 M BHRFHEAE T =B S (D, em® emL
0,/sec *mL *mm Hg) , WM 100 Z= 500, M 200 F= 500, M 250 &= 450 M 300 & 400 UL K275
AL o K2 3500 7R FELESE ] 1, A R AR RS AR T mnE St (D) , 451
WA /bRy 250, 270 K2y 300, 270 K2 350 LK AR L85zl o) vp 42 /0K 40 400,

[o110]  #RFR] DLAFE HAIKE 12 LM (lonoporosity) I Ei 7K ke sl & ekl o 451 41,
FE T LA S AL REAR B 73503 T ek e B e e ZK B G 5 I ELZK R B AT BL & AR 4 5%
FIKZy 35%, LMTTT Dk 2 100 8E oK. 7RISt b, (K8 F20& M ] DL SR AN
K 0. 25X 10 °cm’/sec (] Tonoton B 1B MR EL Wl a0 ASE L K4 0. 08X 10 °em’/sec.
7 L S ) R, AR S B M RS AN K4 2. 6 X 10 °mm’/min [f] Tonoton & F8iE M,
BIAIASER L K2 1. 5X 10 °mm’/min.

[o111]  Z%fF 100 AT LA FR R BEAEAS A  2 B (TR ) ERmEIEER R E 134, B
{13 8 KVH R AE AR OF EPIE 0 BB BB E W, AR R 2 n] AL FE ] T 2 & i
P A v 2 10 T FH DAAE S8 B2 AR By R o TRy 2 ] LS AN Ik K 4 80 11
el A B . R 2 mT VB FEAN L K2 70 B A A B, JF HLB A A B nT LLAE AR Z 55
265 FEIuE A H DO S B HE B3R 1, Rl R JE n] LA E AR AR
ERMATIREMNE b BRI LVERETER /DS 110 E R IVBIER I .
[o112]  WVRYEVR)ZE 134 AT LLEFE R 2 MR P B — A EcE 24 Flin, nIRIEERZE 134 7]
DI FESR & 1 (PEG) , I H PEG ¥ 2 W] LA B AE Parylene™ Lo AIIEH, W[V E 134
A LVEFEEE TRE, JF RS E R En VAR RO 2 SAHGERR (LevD) i, a0, 55 5
TIREARERE G (a0 CHO,) B & wkE G (Flin CFRZE) PR Eb—
Ao Al IEHbER 4G L, PRI E P VB SRR O (PEG) WRE S 2- FENMGIRA L
fig (HEMA) o 520, nIV iR 2 ml LU FE B B AE Parylene™ W2 L [¥) HEMA, B R IH R 2
Al VAR BB AE Parylene™ IR2 _FI N- LMGZENEREHERT (NVP) .

[0113] 254 100 W] LAALHE 55 A 5 o sl 2 16 il S AE0E R 1) it 2 6 (R 242 R1 o #342F 100 44,
F5 2 5B AE A B IF HAR S 20 TR 58 — L 100CT 124 50 E 78 A i _E I H I B IR A iy
(55 —FRE 10002, 55— ECE 10001 A —FUE 10002 ZE15485F 100 F 7 (KIVH -

[0114] #5414 100 W] LAAL 4% 50 25 A e 22 A B (490 4n R AR 1) AR T il A B B0 e Dl R
(540 PRK) 2 J5 BIVERA IR ) BV 2 GG R TP i — A el 2 A NN R . #8F
100 PYEBH#4r 110 (1R R ] LS fl #8583 AR AR R o 0T T70 il S A B, s v] AR HiAR
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It HoAg b R PR K2y 3mm 3 Hoa] DR DAIAERR R SE (4 6mm)  F2EAR b J5ER i
BRI AR, S OFRT DUELHS S50 — S i 4L & 058 =2 ih, DTS N R A FE 00 3Rk, nT
TEH, TR T LA AEBR 2R AR o 5 40, SEEK T T RS i RO R il i &R
LT RS PRE S (FIIRIE o 20 0 Al (100725 g AR = 3 10 2 v mT L P A 90 i FIRL P I LT A
ST A R T A b e Dk R RO GE B AS E [RIAE L, bR S B A P 25 1T LU 1 B
17, B anad ik A RSF s B — A2

[0115] 254 100 7] LA A LA 20 0F 1100A 55043 1100 J6 =200 100A 1] LLALES
100 BN EES 2> 1100 2 AERT LLRA MOKZ) 5MPa I K4 40MPa Jis [l Y 45 &, LA
S MRZS 100 1 m KT 300 wm e[ Py 19 JE R LAS4S b gl 23 v] DURA S8 HKHTAR TE -~
T ASHEI CL B (EA 0 TR o 490 2, B4 ] DB RE S R m] R b kL, DI A3 284 mT DL
LLERC A . ] DLan ARG R 16 AR 2 77 S8 B A WK Z AMPa B K2 40MPa 1 [l 4
(PRSI (R 1F o 90 20, 8 T DA HE B A I B A S (IR AN 3 50 SR PR B8 b ke AT
CLLIMR 2 75 A I HonT DLALFE— b R R 2, 8338 AT DAL AR b Y R S AUM R 2 Rl 1) 5
Jr ek E T LU SRS S E— I Z B R

[o116] & I1BI 7ntH 7 AT =25 ih 40 BE LU e DUBERT A B 2 4F 1000 — 25 i ¢ B nT DL
T A AR T R ) R AR IR B, A S [5] f 2R RL 5 1 0l 2 5 F 1) H e38  ARDGE I o 674
R AR, JE I R R 1 TT LA v ) A AN Y . =S B T UL RS A R AR R
(147 PN 0T R T P P 300 20 DA R B 6 A il 42 RIB A0 3R T I 383 43 o A0 R34y
130 W] LGS B AT 88 = il e 242 R1C TR A8 20 130, FL RS RG le A7 FIRUIE B i 25 i
LB 8 R LAE PO P 3050 2 110 (933 5 S AH O ) TAESR B RN & R I ] DLk
FARE EREBERFE

[0117]  HA =4 f4e BRI 100 v DU R A /NE FCIRMG 2 (9 BRI DUE G . B
22 /b =7 A BRI A 100 7] LUELRE A0 M AR A 1R P9 34 110 FARE Ay 1200 SRR
43 120 W] DAL HE BAT % R1C BI5E = DURRE G307 130, FLRa 4 1 AR IR (R DAL, 461 4
T UL I iy 1 25 i A A4S 45 A T DU S5 LR 580 73 130 2 (8] anitbAbHER 1, Py
43 110 W] LLALEE RSF 102 DL AN 73 120 W] DLALEHE RSF 104, #3414 100 7T LLALEE B
LTS e A JE AR 7B P30 23 110 1 A B 5 400 2 120 [ A2 5 2 (8] S A i 1 2 vy
105, DUBERE G304 130 n LA FEESER 103 (1)

[0118]  m] UL TR I & (R0 1A #1024 S 104 S 103 ]F 105 FRSF 1058 FFHR
GRS JUSE 103 0] DL DU PR T XA I, TR K24 1 2% 4mm Y B Y (120
MIRZY 1.5 3 2mm JE [F Py ) FR1EE 85 I AR IS G 1 B DU 550 53 A3 5o ol an, m] LA &
R A 1 £71 B R~F US55 RUSE 104 AFGE R, I LW 20 (4 IR A 114 A % RUSH T LLAE AR 24 11
2 13mm JEFE N RS 105 W] LA S AT A 21 4 12 Sk X MRS v B AE GE R, 9 HORGSE 1058
A DL I S AR R, A B AN B S R SR TR Z i

[0119]  RUS| 102 W] L& R AR A L 00 A 18 DX sl 25 1 B v Al ¥ RSP AR R - ST 102 AT A
55 BRI YR 4 110 AHXS R, ROSTR] DA T B Rl X 0 RS K2 0. 5 21K 4 2mm, AT
BRBIT H AT AR M55 120 78 9 Rl i3 2L Rz 5 0 B 35 422 ok L s

[0120] W] DARAE #3130 () #1242 RIC DUHE BCHR I , JF Ho iR 242 R1C W] IAE K4
12mm = 3mm e ] Py o FMEES 2 12142 R1B W] DA IS FC 42 K2 40, 5mm P, B WK 45 £0. 25mm
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Mo

[o121] W LALMR 2 77 s 2 0F 100 By RSE, 481 FH A I AN DU () TR 3 =4 . mT LAA
VF 200 & A A DUE 30, 49 an A ids B AT M Bausch and Lomb W3] OrbscanT™ JE
SMERSE, T B M Oculus W51 PentacamT™ Scheimpflug BEARNL RS L K ids Ew]
TR AT IE M A% (OCT) o T RES B ] LA 5 T3 4E5 & LI 2 HRRE TR o

[0122] W] DAZE T 1] DG PR 22 I 25 Z2 4 241 100 I RST IR /N 5& 2 A R TR o 1 —
MEEZ A

[0123]  AMERH4> 120 FIIRERE 458 2 130 7T LUA RERE B 533 ZK Bt e A4 8k, 491 ek ) e
Ak W K B A RL s LA S N R 43 110 AT DAL FE WA R 1 1OM, 451 201 4 s Ak 4838 1 265 — 4 )
11OMI HJ%—)= 110L1 555 =k} 110M3 {28 =J& 110L3 Z [R5 — = 11012 FI5 1k
110M2,

[0124]  GUUGALREIR BRI 43 (I 88 4 AN ER 43 ) ml IS8 — & 3 —
WA, I B AT LR Al b A B s . S840 LR B ARG 2 ANE
BB oy 1 A JOE B A BB B 1P BBy A 2/ K 2psi-mm” [ A Sl
g, ZANTE S A A B0 KY) Spsi-mm” (BB A T

[0125] & 1B2 7 HY R4 A i BH St 91 LA =25 il 26 3 LAIE e IR (1) #32F 100, 25 il 58
J5R (A A 50 55 LIS SRS i o0 1 AR RS o N B2 110 A48 6244040 100A, LA K AMER
Ay 120 RS2 0E 100B. FE-A414E 100B 7] LIASFE R G2E 20 4F 100A T 77 B4 T
P IE AL E R AT R E 120M. BFEREAAL0E 100B [4MTER45r 120 W] LLALRE N
AR B % 100F . NEBHST 120 BAEATE TR0 EH —2F40 R AW AE FaRI A2 —
AIEAR RIA. ARESY 120 785 ST 102 AHXS MY 34 AR DL 38— 2142 RIA XS 551958 2
12 RIB # A& R W EE Sy o AN 4> 120 HAG W25 A 26 1 G4 1) 58 AT 42 R1IBA. AL HEHT
& TR EE 240 RIB LBl A B () S0 38 43 120 1] LAAE SR A I A X R IR A B Ak
(FlndsE 5 RAT 104 AHXT R i 5 ) fiE RIS 130 552 AE S TAER
AHTE A T4 A 50 7 55 SRR 5 308 20 1 320 57 B 30 T8 i 8 skl ] DA e BEAECIR SR sk 2 M/ |
Bz A MU, FF H A B0 A 11255 1 %6 3R 116 55 ] DATE A i 2 b4 A1 i 3 9 HLnT LA
PN X F SR IO 77 o DU Rl 43 130 A0 56 HA A #2242 R1CA (19 38T
[0126]  PYEBHAL > 110 W] LA il DL v fl e IR By s8R Ve il KT IR nT DA AR 2 07 5K
XTI JE R 25 3508 0 A 2 R 5 P A T i ' DAY 338 b 3 e 1 22 MR B I H LA HRPT N 5635 7 120
15, DURAEA > 130 R ] LLASEE K4 5MPa I HLJE BEANE i K2y 200 v m (41
WAL 100 v m) , DME BCE RN BN T &7 AR A BRI HACHT i 18
o

[0127]  DUBEREAHR5r 130 FIRSF 103 AT LA 5B 1 A2 4mm i [l P ()52 25 A A I 45 S i
BIDUFER A 7 H A 5 I DU PRI T X AR ST N, DAEA3 R SE 103 BT LK Z) 12mm 42 K4
16mm, %1 41 K2 14mm 2K %) 16mm.

[0128] {53 130 [y 12242 RIC, JZ B2 RIS & AT LA I B A i Be AR i AHRHL A 88 4 110
MBIt HRARIEE . 342 RIC B R SE AT DL R IR AN 4 1 th 3 242/ o 43, o
FAPAE RIC AT LAASEE ik K24 10mm, 191 01, 4 HE I DL 2 16 o 23 2 461 G 22 /0 K 24 1 2mm 1, 1
AR RIC AN KL 9mme 55 —AHXT NI AT LS AR 1 K49 4E-5Pa—m® LU 4 4150350
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SYTCE AR LA 7RIS B AR b I HAPT P A R Bl

[0120]  EAT i #E40 R1C I TUERS A 30 20 16 )2 B mT LACSCAR , 491 G AR 24 100 v m (1) 5 FE 3
NS UL 3

[0130] & 1B2-1 7= HY T ALFE 28 242 RIB I8 LB 40 1 3R AR 5 ARG 242 RIC
(I DUIELRE B 50 T 2 100 R R0 55 LAAE AR T A I I s ) K AR s/ o FH i B2 RIBY G
FE RIBX 25 tH 555 — 2142 RIB AHXT [ 25 — @3, IF H =i B2 R1ICY FIBERE RICX 45 HH 556 =
g2 RIC AN R SE = R, 5 R 55 = RIN 55 LIS AN S A 5 i B AR I A7
BT R B, 55— R DUEEAR FSSEF5 T RPR IS 110 fRkEn] L
PLZEALL 7 AE 5 RSF 102 AEXS R A7 B AL 5 58 8870 120 FIRBE X 55

[0131] [ IB3 /xH T A IE BC UL M 1) =25 ihAe B B 1B [ ri il 2. T
FECRR 80 43 130 7] LIRS 'Y 4% 120F, 'Yk 120F LA (ERER B 120FW 2215 /1 120FE f745 7= 4
Woo HILAAYE S il T R IG5 A i BRI A B e 51/ 120FE. #YE
AN 2R I SR VRS A S BN B 9 AR S HE T S VT AR R IR &30 73 JE A by
I HA T P B LA 1 BH D 38 A Z U 45 L

[0132] W] LALAR 2 J5 S e #5248 100 (¥ RSE, 9 40 FH A AN DL ) — AN Bl 2 AN TE 30
WAL EH ET B RAE . 7T LUV 2 A0 I 2 A BRI TR T30, 491 4n FH T 3% ] A
Bausch and Lomb W75 OrbscanT™ FE5H 224t , FlTi 3% _En] M Oculus WY75 1) PentacamT™
Scheimpflug MUMHNLR S W LLADGAHTEMNT G (AR 30, “0CT”) Wil 2 Hr efs BA
{50 o A T 5 R &5 S 1 i o B, 9 A T 3% B nT A Zedss/Humphrey W43 (1) OCT il & 5
%o JHELRIECEE AT LS TSR A A DL e RIS TR IR .

[0133] & 1B4 7 tH TR A% K BH St ) R AT 22 25 il 268 B0 Ot P i A P 5 R DAL R P 2%
1 100 F -1 B, 25 it 58 36 1R R 36 X0 55 LA DS il il oy i SR AL RS . G b AR R 1Y, #5
£ 100 ELHEFF & 100F A T4 157 IE F 622 4LE 100A LUK AT USRI VH I A 3k & 21
100B.

[0134] & 1B5 75 T AR A & B St ] ) 1B4 (1) AL FIURE £ 2 £ M i 2k IR P A
325 5 2 6 T AR P

[0135]  PYififisr 110 G n] LLAFEMEL 11OM 6242401 100A. AMEEE 4 120 A 4E AT LA
FLFESMEAEL 120M [RE-S 411 100B. NHFES 73 110 #5455 RST 102 AHA R R S & 42
HMERES 3. WRRER 2 110 [ R0 B 528 — 42 RL AT N T AREE 3R« HREBEL 73 120
DLSE—4h il 32142 RIBL 55 22 P00 43, DUETS R340 AR IR I 7E 5 RST 102 AH XS Y. 1)
PLE LIS T MRS 120 ARG 25— 4R P42 RIBL 58 AR 42 RIB2. 26
— A AR RIBL BB 2258 — A 42 RIB2, LAUT I AL RER ¥, 75 5 R ~F 104A AR R (1)
B AR SRR . AN 120 BLHERE G 2258 A0 3142 RIB2 1956 =AM 142 R1B3.
AN AR RIB2 A 25 = AR A2 RIBS, G0 b AL HER 1), 78 5 R~F 104B 453 B f
LB AR TR

[0136]  ZE—AM AR PA4R RIBLEE A% 42 RIB2 LUK 3R —4h il %2142 R1B3 n] LLALHE
MEE BRI E M. 55— MR8 R AT VB REES T B B R 2 1. W e 4
Arib, S R R W] DL T U5 5 B R

[0137]  ZE—AM 42 RIBL SR A 32142 R1B2 LLACEE — 4R #2142 R1B3 7] LA &
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sl W o i T A EER T AR A o P DU 28— A1 3R 2142 RIBLLEE AR 242
RIB2 LK 5 =4 il #a40 RIB3 o K I, DAS A9 2% — ki 1 5 A G 8 1 A o R
FER R o

[0138]  IAJEEREA 4 130 W] DLEAG AL A6 — YU & i3 242 RICL 1 R R AL RAG 58
TR A T EE AR R1C2 R EE IR A E A o B AT RICT BISE — DRSS 43 1T LA
16 5 RAF 104 FHA R AT B AL 5 55 =2 4% RIB3 %55, AFEE48 RIC2 (955 — I AE 4 4
53 AT UAAE 5 RSE 120FW AHXS Y 47 B AL 5 HA 4% RICL B3 — TR RE & & 2 X 5%, R
120FW 538792 ™ % 120F 130 FAEXS MY

[0139] P& 1B6 7 HY T AR A & B Sz i 151 P&l 1B4 Pty s A1 AT 6 T 40 A I 25 01 58 20 160 A0 4R,
Kl bR AT CLALHE P 5B AT 2212 RIAL 28 — 40 A0 #h 262242 RIBLAL 25 415 i #h 2%
42 RIB2A. TUBEAR A 3070 130 ] DAL FE 58 — Al i 3 242 RIC1A FIEE R AL & i 2118
R1C2A.

[0140] ¥ 1B7 7 tH T AR A A B St 9] ¥ 1B4 [ A R AR i 2

[0141] ¥ 1C 7~ HE T EL4E 38 SO RHEE il B2 AR AR 2R 100, FErb A0 2 B o I B A
IR A 2 T ) J5 P EL b YR 40 110 ARGl e B 0 T b R R ) JS R o P
4% 110 ALFE G2 204 100A, LR AR ER 45 120 ALFE R4 2414 100B. N #5843 110 7] LLA
FEASE L K2 300 ORI BT, BANAN R L K2 200 oK. Witk bR 16 w] LA FHF 2 44
Bl 3 BT DA — A8 200k, 6, 284 ] CLALEE B AL, & i BAg AR Z
0. 1% K 10%JEHA (BAEE KA 1% ) & KSR, LA KL 5 K2 90
TGN (BIWIARZ 40 BIKZY 85 Ju I PN ) B Shore A Tl AETHS4L,

[o142] & 1CL 7n T HACLFE P 5 FE R POk 11OM [ Py il 4 110 FAdE4hE =
FE AR AL RE 120M (4N 3535 73 120 4t 100, Horb 8 E B K TAMBIERE . A Bl
110M 7] DAL VF 2 008 3 HLnT CLAL R 207 B BRI, 450 dn LA B T O il AR} m]
DA S 22 B A A EL b (KRR B, He b AR R0 4 120 [RS8 N B304 T e P30 43 1T LA H6 2%
AT AR 7 A BT o ARESER 73 120 BIAM A RE 120M ] DAALFE AT P 588 70 A4 8} o 451
w, AN KL 120M ] DUASLFERERE UL & 3R 110M mT LLELFERENT . 5 P 33020 R0
a3 E IR L B A FH AT CACS 3 P 3 23 5 AR ROk SN R 120M W LAHY
PSS 2 110 (A& PERER 3 110 BRI ) B4, LIS PR R 11OM PREFFESNAIH
KE120M (489, mdedth, PYERAERE 11OM W] DAFEAS | 6k py 530 4 110 [ B SE ZE 1, LTS
AN R 120M B FEEEA EERIE AR, b AR R 11OM 45 v B AR I I R A B3 55
I HIEAR E A BRI ZEM RN RINRZE CHIAAER ) o

[0143] ¥ 1C2 7ntH 7 B AT GLHE Py 02 BEAT Y 00 RL 11OM 1 P 7 110 FHALFR AT
FEFNAN AL 120M (K FMERHE5Y 120 (K244 100, Horb oy 3 5 BE ] LUK T 41380 5 B2 O HLAM S
FEL 120M [F 28 93 A KL 11OM SEA . PYFIER 4> 110 A5 2= 4144 100A Jf BARMHEE 4 120
FLFERE A 20 100B, #3414 100 W] LA A /DA HAY 22 /0 58 — 4% R1B (100 281k Yt
4y 110M W] LS =AM BHZ, 55—k 110ML (55— )2 1100128 Ak} 110M2 (W55 — )2
110L2 FUEE =44k} 110M3 1958 =)= 110130 2 A Kl 110M2 m] LLALFE WAL R, 4 a4 %
AR D T T DA e P A R A R B — AN B 2. AR L1OML RTES = AR
110M3 A LLELFERPE AL R, 451 G 40 P SR R 0P 7 g o Bl P ek T Dl 2 0% B
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Tk S R ARl A B P ) — AN B A AR = AR RS B R R 120M T LAY
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Abstract

Ophthalmic lenses for correcting refractive error of an eye are disclosed.
Ophthalmic lenses include a deformable inner portion and a deformable
peripheral portion. When disposed over the optical region of an eye, the
inner portion is configured so that engagement of the posterior surface
against the eye deforms the posterior surface so that the posterior
surface has a shape diverging form the refractive shape of the epithelium
when viewing with the eye through the ophthalmic lens. The rigidity of
the inner portion is greater than the rigidity of the peripheral portion
and the ophthalmic lenses are configured to allow movement relative to
the eye upon blinking of the eye and to be substantially centered on the
optical region of the cornea following the blinking of the eye. Methods of
correcting refractive errors of an eye (such as astigmatism or spherical

aberration) using the ophthalmic lenses are also disclosed.
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