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(57) Abstract: A haptic is provided for use in an accommodating in-
traocular lens. The haptic has multiple filaments, each connected to the

edge of the optic at one end. Each filament has a shape that conforms to
an equatorial region of the capsular bag. The haptic couples the forces
exerted by the capsular bag of the eye during accommodation radially to
the edge of the optic, produce a diametric expansion or compression of
the optic. This diametric motion distorts the optic, producing a change
in any or all of the anterior radius, the posterior radius, and the thickness.
These changes affect the power of the lens and/or location of the image.
The haptic may optionally have a thin membrane joining the filaments
at the optic end, and may optionally have a connecting ring that joins
the filaments at the end opposite that of the optic.
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TITLE OF THE INVENTION

Haptic for accommodating intraocular lens

BACKGROUND OF THE INVENTION

[0001] FIELD OF THE INVENTION
[0002] The present invention is directed to intraocular lenses, and more

particularly to accommodating intraocular lenses.

[0003] DESCRIPTION OF THE RELATED ART

[0004] A human eye can suffer diseases that impair a patient’s vision. For
instance, a cataract may increase the opacity of the lens, causing blindness. To
restore the patient's vision, the diseased lens may be surgically removed and
replaced with an artificial lens, known as an intraocular lens, or IOL. An IOL may
also be used for presbyopic lens exchange.

[0005] The simplest IOLs have a single focal length, or, equivalently, a single
power. Unlike the eye's natural lens, which can adjust its focal length within a
particular range in a process known as accommodation, these single focal length
IOLs cannot accommodate. As a result, objects at a particular position away from
the eye appear in focus, while objects at an increasing distance away from that
position appear increasingly blurred.

[0006] An improvement over the single focal length IOLs is an accommodating
IOL, which can adjust its power within a particular range. As a result, the patient can
clearly focus on objects in a range of distances away from the eye, rather than at a
single distance. This ability to accommodate is of tremendous benefit for the patient,
and more closely approximates the patient's natural vision than a single focal length
IOL.

[0007] When the eye focuses on a relatively distant object, the lens power is
at the low end of the accommodation range, which may be referred to as the "far"
power. When the eye focuses on a relatively close object, the lens power is at the
high end of the accommodation range, which may be referred to as the "near” power.
The accommodation range itself is defined as the near power minus the far power.

In general, an accommodation range of 4 diopters is considered sufficient for most

patients.
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[0008] The human eye contains a structure known as the capsular bag, which
surrounds the natural lens. The capsular bag is transparent, and serves io hold the
lens. In the natural eye, accommodation is initiated by a series of zonular fibers,
also known as zonules. The zonules are located in a relatively thick band mostly
around the equator of the lens, and impart a largely radial force to the capsular bag
that can alter the shape and/or the location of the natural lens and thereby change its
power.

[0009] In a typical surgery in which the natural lens is removed from the eye,
the iens material is typically broken up and vacuumed out of the eye, but the
capsular bag is left intact. The remaining capsular bag is extremely useful for an
accommodating intraocular lens, in that the eye's natural accommodation is initiated
at least in part by the zonules through the capsular bag. The capsular bag may be
used to house an accommodating IOL, which in turn can change shape and/or shift
in some manner to affect the power and/or the axial location of the image.

[0010] The IOL has an optic, which refracts light that passes through it and
forms an image on the retina, and a haptic, which is a structure that mechanically
couples the optic to the capsular bag. During accommodation, the zonules exert a
force on the capsular bag, which in turn exerts a force on the optic. The force may
be transmitted from the capstllar bag directly to the optic, or from the capsular bag
through the haptic to the optic.

[0011] A desirable optic for an accommodating IOL is one that distorts in
response o a squeezing or expanding radial force applied to the equator of the optic
(i.e., by pushing or pulling on the edge of the optic, circumferentially around the optic
axis). Under the influence of a squeezing force, the optic bulges slightly in the axial
direction, producing more steeply curved anterior and/or posterior faces, and
producing an increase in the power of the optic. Likewise, an expanding radial force
produces a decrease in the optic power by flattening the optic. This change in power
is accomplished in a manner similar to that of the natural eye and is well adapted to
accommodation. Furthermore, this method of changing the lens power reduces any
undesirable pressures exerted on some of the structures in the eye.

[0012] One challenge in implementing such an optic is designing a suitable
haptic to couple the optic to the capsular bag. The haptic should permit diametric
(or, equivalently, radial) motion of the optic by coupling the force exerted by the

capsular bag to the edge of the optic, which is generally not available with known
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haptics.

[0013] For instance, consider a haptic disclosed in United States Patent
Application Publication No. US 2005/0131535, published June 16, 2005 to Randall
Woods. The haptic of Woods is a generally resilient, discoid-shaped body that fits
inside the capsular bag. The posterior side of the haptic houses a lens that is
typically kept in contact with the posterior wall of the capsular bag. During
accommodation, so that the eye can focus on near objects, the capsular bag
compresses radially and bulges axially, and the optic, which is held in contact with
the posterior wall of the capsular bag, distorts and thereby changes its power.

[0014] In Woods, the optic itself is surrounded diametrically by a solid body,
referred to by Woods as a "resilient body". Such a resilient body limits the coupling
of radial forces to the optic itself. For instance, a compressive radial force exerted by
the capsular bag on the haptic would be partiaily absorbed by the haptic itself, which
would couple the compressive force partially into compressing its own material in the
region surround the optic. Likewise, an expansive force exerted by the capsular bag
on the haptic would also be largely absorbed by the haptic, which would have to
stretch in a tangential manner in the region surrounding the optic.

[0015] Haptic designs that are used with other IOL styles are generally
unsuitable as well. As an example, consider the haptics used in a style of
accommodating IOL in which the forces applied by the capsular bag result primarily
in an axial translation of the optic, without a significant distortion of the optic. As a
specific example, United States Patent No. 5,275,623, issued January 4, 1994 to
Faezeh Sarfarazi, discloses a lens that uses a pair of optics and a flexible haptic that
responds to the forces of the capsular bag by changing the separation between the
optics. Both optics have individual powers, and the total optical power of the eye is
adjusted by altering the separation between the optics. The optics themselves are
not significantly distorted. Indeed, the haptic largely prevents distortion of the optics
by encircling the circumference of the optic with a ring that axially translates the optic
under the influence of the capsular bag forces, but retains its own shape under said
forces. In general, a haptic in which the optic is encircled by a thick supporting ring
is unsuitable, because the forces imparted by the capsular bag are not sufficiently
coupled to the edge of the optic.

[0016] As yet another example that known haptics are generally unsuitable for

coupling the capsular bag forces directly to the diameter of the optic, consider United
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States Patent Application Publication No. US 2004/0181279, published September
16, 2004 to Yehoshua Nun. Nun discloses a lens that has an optic located between
a rigid haptic and the posterior wall of the capsular bag. As the zonules exert force
on the capsular bag, the optic is compressed or expanded against the rigid haptic,
leading to a change in the radii of the optic as well as the optic thickness. A potential
drawback of the Nun IOL is that the haptic is biased anteriorly by pressure from the
optic, and may lead to fatigue at the points where the haptic is mounted against the
ciliary body in the eye. In addition, distortion of the optic is accomplished by
longitudinal (or, equivalently, axial) forces, exerted between the capsular bag wall
and the rigid haptic. Indeed, this haptic is also unsuitable for coupling the capsular
bag forces to the edge of the optic.

[0017] Accordingly, there exists a need for an intraocular lens with a haptic
that permits diametric motion of the optic by efficiently coupling the force exerted by
the capsular bag and zonules to the edge of the optic. Such a haptic would enable
use of a desirable style of optic, which changes its power (i.e., radius of curvature,
shape and/or thickness) in response to a squeezing or expanding force applied

radially to its edge.

BRIEF SUMMARY OF THE INVENTION

[0018] It is an object of the present invention to provide a haptic for use in an
accommodating intraocular lens. The haptic couples the forces exerted by the
capsular bag of the eye during accommodation to the edge of the optic, preferably
radially, producing a diametric expansion or compression of the optic and optionally
producing a moment on the optic. This diametric motion distorts the optic, producing
a change in any or all of the anterior radius, the posterior radius, and the thickness.
Diametric motion may cause axial shift of the optic location in some embodiments as
well. These changes affect the power of the lens and/or location of the image.
[0019] An embodiment is an intraocular lens for implantation in a capsular bag
of an eye, comprising an adjustable optic; and a haptic, the haptic comprising a
plurality of filaments, each filament having a first end, a second end opposite the first
end, and a coupling portion between the first end and the second end. The first end
of each filament extends substantially radially from a peripheral edge of the
adjustable optic. The plurality of filaments are unconnected to each other at their

first and second ends. The haptic is configured to transmit forces to alter at least
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one of the shape or the thickness of the adjustable optic.

[0020] A further embodiment is an intraocular lens for implantation in a
capsular bag of an eye, comprising an adjustable optic; and a haptic, the haptic
comprising a plurality of filaments, each filament having a first end, a second end
opposite the first end, and a coupling portion between the first end and the second
end. The first end of each filament extends substantially radially from a peripheral
edge of the adjustable optic. The plurality of filaments are unconnected to each
other at their first ends. The coupling portion of each filament has a generally
uniform cross-section along its length. The haptic is configured to transmit forces to
alter at least one of the shape or the thickness of the adjustable optic.

[0021] A further embodiment is a haptic for an intraocular lens for implantation
in a capsular bag of an eye, comprising a plurality of filaments, each having a first
end extending from a peripheral edge of an adjustable optic to an equatotial region
of the capsular bag. The first ends are connected by a membrane. Each filament
has a generally uniform cross-section along its length.

[0022] A further embodiment is a method of stabilizing an intraocular lens
comprising an optic and a haptic, the haptic comprising a plurality of filaments, each
filament having a proximal end extending from a peripheral edge of the optic and a
distal end distant from the proximal end, the method comprising forming a ring which
is parallel to the peripheral edge of the optic and is axially separated from the
peripheral edge of the optic; and joining the filaments at their distal ends to the ring.

The haptic stabilizes the positions of the filaments relative to each other.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0023] FIG. 1 is a plan drawing of a human eye having an implanted
intraocular lens, in an accommodative "near" state.

[0024] FIG. 2 is a plan drawing of the human eye of FIG. 1, inan
accommodative "far" state.

[0025] FIG. 3 is an end-on plan drawing of the intraocular lens shown in FIGs.
1 and 2, in an accommodative “near" state.

[0026] FIG. 4 is an end-on plan drawing of the intraocular lens of FIG. 3, in an
accommodative "far" state.

[0027] FIG. 5 is a cross-sectional drawing of an intraocular lens.

[0028] FIG. 6 is a cross-sectional drawing of another embodiment of an
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intraocular lens.

[0029] FIG. 7 is a perspective drawing of the intraocular lens of FIG. 6.
[0030] FIG. 8 is a cross-sectional drawing of another embodiment of an
intfraocular lens.

[0031] FIG. 9 is a cross-sectional drawing of another embodiment of an
intraocular lens.

[0032] FIG. 10 is a cross-sectional drawing of another embodiment of an

infraocular lens.

DETAILED DESCRIPTION OF THE INVENTION

[0033] In a healthy human eye, the natural lens is housed in a structure known
as the capsular bag. The capsular bag is driven by zonular fibers (also known as
zonules) in the eye, which can compress and/or pull on the capsular bag to change
its shape. The motions of the capsular bag distort the natural lens in order to change
its power and/or the location of the image, so that the eye can focus on objects at
varying distances away from the eye in a process known as accommodation.

[0034] For some people suffering from cataracts, the natural lens of the eye
becomes clouded or opaque. If left untreated, the vision of the eye becomes
degraded and blindness can occur in the eye. A standard treatment is surgery,
during which the natural lens is broken up, removed, and replaced with a
manufactured intraocular lens. Typically, the capsular bag is left intact in the eye, so
that it may house the implanted intraocular lens.

[0035] Because the capsular bag is capable of motion, initiated by the
zonules, it is desirable that the implanted intraocular lens change its power and/or
the location of the image in a manner similar to that of the natural lens. Such an
accommodating lens may produce vastly improved vision over a lens with a fixed
power and location that does not accommodate.

[0036] FIG. 1 shows a human eye 10, after an accommodating intraocular
lens according to embodiments of the present invention has been implanted. Light
enters from the left of FIG. 1, and passes through the cornea 12, the anterior
chamber 14, the iris 16, and enters the capsular bag 18. Prior to surgery, the natural
lens occupied essentially the entire interior of the capsular bag 18. After surgery, the

capsular bag 18 houses the intraocular lens, in addition to a fluid that occupies the
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remaining volume and equalizes the pressure in the eye. The intraocular lens is
described in more detail below. After passing through the intraocular lens, light exits
the posterior wall 20 of the capsular bag 18, passes through the posterior chamber
32, and strikes the retina 22, which detects the light and converts it to a signal
transmitted through the optic nerve 24 to the brain.

[0037] A well-corrected eye forms an image at the retina 22. If the lens has
too much or too little power, the image shifts axially along the optical axis away from
the retina, toward or away from the lens. Note that the power required to focus on a
close or near object is more than the power required to focus on a distant or far
object. The difference between the "near” and "far" powers is known typically as the
range of accommodation. A normal range of accommodation is about 4 diopters,
which is considered sufficient for most patients, although as low as 1 or 2 diopters
may be acceptable, and in some instances between about 4 diopters and about 10
diopters or more may be useful. Embodiments of the present invention may produce
accommodation within this entire range, or as low as 1 diopter, with a preferable
range of accommodation between about 2 diopters and about 6 diopters, and more
preferably about 4 diopters (for example, 3-5 diopters, 3.5-4.5 diopters, and so forth)
of accommodation under normal zonular forces.

[0038] The capsular bag is acted upon by the zonules 26, which distort the
capsular bag 18 by compressing and/or stretching it radially in a relatively thick band
about its equator. Experimentally, it is found that the zonules typically exert a total
force of up to about 10 grams of force, often in the range of between about 6 and
about 9 grams of force, which is distributed typically generally uniformly around the
equator of the capsular bag 18. Although the range of zonule force may vary from
patient to patient, it should be noted that for each patient, the range of
accommodation is limited by the total force that the zonules 26 can exert. Therefore,
it is highly desirable that the intraocular lens be configured to vary its power over the
full range of accommodation, in response to this limited range of forces exerted by
the zonules. In other words, we would like a relatively large change in power for a
relatively small driving force.

[0039] Because the zonules’ force is limited, it is desirable to use a fairly thin
lens, compared to the full thickness of the capsular bag. In general, a thin lens can
distort more easily than a very thick one, and may therefore convert the zonules

force more efficiently into a change in power. In other words, for a relatively thin
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lens, a lower force is required to cover the full range of accommodation.

[0040] Note that there is an optimum thickness for the lens, which depends on
the diameter of the optic. If the lens is thinner than this optimum thickness, the axial
stiffness becomes too high and the lens changes power less efficiently. In other
words, if the edge thickness is decreased below its optimal value, the amount of
diopter power change for a given force is decreased. For instance, for an optic
having a diameter of 4.5 mm, an ideal edge thickness may be about 1.9 mm, with
edge thicknesses between about 1.4 mm and about 2.4 having acceptable
performance as well. Alternately, optic diameters may be in a range between about
4 mm and about 8 mm, and edge thicknesses may be in a range above about 0.2
mm.

[0041] Note that the lens may be designed so that its relaxed state is the "far"
condition (sometimes referred to as "disaccommodative biased"), the "near"
condition ("accommodative biased"), or some condition in between the two
(“intermediate biased”).

[0042] The intraocular lens itself has two components: an optic 28, which is
made of a transparent, deformable and/or elastic material, and a haptic 30, which
holds the optic 28 in place and mechanically transfers forces on the capsular bag 18
to the optic 28. The haptic 30 may have an engagement member with a central
recess that is sized to receive the peripheral edge of the optic 28.

[0043] When the eye 10 is focused on a relatively close object, as shown in
FIG. 1, the zonules 26 compress the capsular bag 18 in a relatively thick band about
its equator. The capsular bag 18 changes shape, becoming thicker at its center and
having more steeply curved sides. As a result of this action, the power of the lens
increases (i.e., one or both of the radii of curvature can decrease, and/or the lens
can become thicker, and/or the lens may also move axially), placing the image of the
relatively close object at the retina 22. Note that if the lens could not accommodate,
the image of the relatively close object would be located behind the retina, and would
appear blurred.

[0044] FIG. 2 shows a portion of an eye 40 that is focused on a relatively
distant object. The cornea 12 and anterior chamber 14 are typically unaffected by
accommodation, and are identical to the corresponding elements in FIG. 1. To focus
on the distant object, the zonules 46 retract and change the shape of the capsular
bag 38, which becomes thinner at its center and has less steeply curved sides. This
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reduces the lens power by flattening (i.e., lengthening radii of curvature and/or
thinning) the lens, placing the image of the relatively distant object at the retina (not
shown).

[0045] For embodiments of the present invention as depicted for both the
"near" case of FIG. 1 and the "far’ case of FIG. 2, the intraocular lens itself deforms
and changes in response to the distortion of the capsular bag. For the "near" object,
the haptic 30 compresses the optic 28 at its edge, increasing the thickness of the
optic 28 at its center and more steeply curving its anterior face 27 and/or its posterior
face 29. As a result, the lens power increases. For the “far" object, the haptic 50
expands, pulling on the optic 48 at its edge, and thereby decreasing the thickness of
the optic 48 at its center and less steeply curving (e.g., lengthening one or both
radius of curvature) its anterior face 47 and/or its posterior face 49. As a result, the
lens power decreases.

[0046] Note that the specific degrees of change in curvature of the anterior
and posterior faces depend on the nominal curvatures. Although the optics 28 and
48 are drawn as bi-convex, they may also be plano-convex, meniscus or other lens
shapes. In all of these cases, the optic is compressed or expanded by essentially
radial forces exerted primarily at the edge of the optic. In addition, there may be
some axial movement of the optic. In some embodiments, the haptic is configured to
transfer the generally symmetric radial forces symmetrically to the optic to deform
the optic in a spherically symmetric way. However, in alternate embodiments the
haptic is configured non-uniformally (e.g., having different material properties,
thickness, dimensions, spacing, angles or curvatures), to allow for non-uniform
transfer of forces by the haptic to the optic. For example, this could be used to
combat astigmatism, coma or other asymmetric aberrations of the eye/lens system.
The optics may optionally have one or more diffractive elements, one or more
multifocal elements, and/or one or more aspheric elements.

[0047] FIGs. 3 and 4 show more explicitly the effects of these radial forces.
FIG. 3 shows the intraocular lens 15 of FIG 1, in an end-on view. The optic 28 is
supported by the haptic 30. The intraocular lens 15 is relatively compressed radially,
corresponding to the "near" condition of FIG. 1. Similarly, FIG. 4 shows the
intraocular lens 35 of FIG. 2 in an end-on view, also with the optic 48 being
surrounded by the haptic 50. Here, the intraocular lens 35 is relatively expanded
radially, corresponding to the "far" condition of FIG. 2.
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[0048] Note that each haptic 30 and 50 has several coupling elements 33 and
53. Each coupling element is substantially free to move radially, independently of
the other coupling elements. As the capsular bag expands and contracts, the
coupling elements transmit the expansion and contraction to the optic itself, causing
the optic to expand or contract radially. When the eye views a distant object, the
radial forces cause the optic itself to be flatter and thinner than when viewing a close
object. In some embodiments, there may also be some axial movement of the optic,
which axially translates the image onto the retina and thereby brings it into focus for
the eye. Any such axial travel will typically be of secondary importance to the
change in power caused by the shape change to the optic caused by the radial
forces. The haptic material is preferably stronger or stiffer than the optic material, so
that the capsular bag force is largely transmitted to the optic itself, rather than being
absorbed by the haptic. Although 16 coupling elements are shown in FIG. 3 and 4,
any suitable number of haptic elements may be used.

[0049] Note also that as drawn in FIGs. 1-4, there is no haptic material
between adjacent coupling elements. If there were a substantial amount of haptic
material between the coupling elements, the radial force would be largely absorbed
by the haptic, rather than transmitted to the optic. A helpful analogy may be found in
a rubber tire: when the tire is inflated, compressing the outer edge of the tire does
not substantially compress the inner hole of the tire, because a large fraction of the
compressing force is converted to a tangential compression force at the inner hole.
In other words, the radial forces would largely be spent trying to compress or expand
the tire material itself in the region surrounding the hole, rather than compressing or
expanding the hole itself. In the intraocular lens, if there were significant haptic
material between the coupling elements, much of the zonules force would go into
compressing or expanding said haptic material, rather than compressing or
expanding the optic. This would be a poor use of the limited zonules force, and
would introduce inefficiencies into the intraocular lens.

[0050] Alternatively, there may be some haptic material between adjacent
coupling elements, provided that it is relatively thin if it is made from the same stiff or
strong material as the coupling elements. A thin membrane or coating of haptic
material between the coupling elements would work adequately, and would not
impede any diametric or radial motion of the optic. The membrane could be located

symmetrically or asymmetrically along the longitudinal axis of the lens; the haptic
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may have an even distribution along the longitudinal axis of the optic, or may have
more material near the anterior side of the optic, for instance, or may have more
material near the posterior side of the optic. Alternately, the membrane may be
made in one piece with the coupling elements and may be located anywhere along
the coupling elements (i.e. attached to the optic or not so attached, on either end of
the coupling elements or somewhere in the middle of the coupling elements).
Alternatively, the membrane may be made thicker if it is made from a softer material
than that used for the haptic. In general, a thin membrane would function adequately
if it is circumferentially compressible, i.e., if its size or circumference can increase or
decrease without buckling, warping, or crumpling. For the purposes of this
document, the terms circumferentially compressible and circumferentially
expandable are taken to mean the same thing.

[0051] As a further alternative, the thickness of the material between coupling
elements may be increased if said material is weaker or less stiff than the material of
the coupling elements themselves. This material may be useful in distributing the
haptic force more uniformly around the circumference of the optic. Ultimately, any
suitable haptic design may be used, provided that the haptic permits diametric or
radial alteration (i.e., change of shape in response to radial or diametric force from
the haptic) of the optic in response to the contraction or expansion of the capsular
bag.

[0052] Note that in FIG. 1, the optic 28 is spatially separated from the
posterior wall 20 of the capsular bag 18. In this case, the optic 28 distorts in
response to the radial forces applied to its edge by the haptic 30, rather than in
response to any longitudinal (or, equivalently, axial) forces applied to the anterior
face 27 or posterior face 29. As an alternative, the optic 28 may come into contact
with the posterior wall 20 of the capsular bag 18 during part or all of the
accommodation range, and in doing so, may receive some longitudinal forces
applied to its posterior face 29.

[0053] In. FIG. 1, the haptic 30 interacts with thin portions of the optic near the
edge of the anterior face 27 and the posterior face 29 of the optic. For the purposes
of this document, these interactions may be considered to be with the edge of the
optic if the forces exerted by the haptic on the optic are essentially radial in nature,
and if the thin portions are outside the clear aperture of the optic. Note that in FIGs.

1 and 2, the entire edge of the optic, from anterior to posterior, is contacted by the
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haptic. Note also that for the purposes of this document, the edge of the optic is
intended to mean the peripheral edge of the optic, which is the outermost edge of the
optic that connects the anterior and posterior faces of the optic. The edge may be a
surface periphery as well.

[0054] FIG. 5 shows an alternate embodiment of an intraocular lens 55. The
lens has an optic 58, which is mechanically coupled to the capsular bag by a haptic
59. Alternately, the haptic may actually be connected to the capsular bag by fibrosis
or surface treatments. As with the embodiments of FIGs. 1-4, the haptic 59 may
have several coupling elements or filaments, each of which couples the capsular bag
radial force into the optic 58 itself. As a result, the haptic permits diametric
expansion and contraction of the optic 58.

[0055] Unlike the embodiments of FIGs. 1-4, in which the haptic has an
engagement member with a central recess that receives the peripheral edge of the
optic, the haptic 59 of FIG. 5 has a planar member that interacts only with the edge
of the optic 58. Note that the haptic 59 extends from substantially the entire edge of
the optic 58. It will be understood by one of ordinary skill in the art that various other
configurations may be used to form an interaction between the haptic and
substantially the entire edge of the optic, in addition to the embodiment shown in
FIG. 5. Alternatively, the haptic could extend over only a portion (either axially or
circumierentially) of the edge of the optic, having asymmetries, discontinuities,
and/or a bias toward one side or the other.

[0056] Note that the haptic may optionally convert the capsular bag force to a
radial torque, rather than transmit the force itself to the optic. In the embodiments of
FIGs. 1-5, the equator of the optic may be axially separated from the region at which
the capsular bag force is applied, thereby generating a torque. Such a torque affects
the optic by changing its shape and/or axially translating the optic.

[0057] A further embodiment of an intraocular lens 65 is shown in FIGs. 6 and
7. In contrast with the haptic 59 of FIG. 5, the coupling elements in FIG. 6 may all be
connected on the anterior side of the haptic 69. Because it is undesirable to block
the clear aperture of the opiic, the anterior side of the haptic may join the coupling
elements in a ring 62 surrounding the clear aperture.

[0058] Note that in the intraocular lens 65 of FIGs. 6 and 7, a fairly rigid ring
62 joining the coupling elements is acceptable, because it does not surround the

optic 68 and it does not impede any radial or diametric motion of the optic. Here, the

—12 -~



WO 2007/053374 PCT/US2006/041500

capsular bag radial force is still directed into radially compressing or expanding the
optic 68, only now it does it through a lever arm, with the fixed point on the lever
being the anterior ring that joins the coupling elements. Alternately, the coupling
elements may connected by a broken ring that connects only some of the coupling
elements.

[0059] FIG. 7 shows the haptic 69 connected to the optic 68, with an optional
membrane 66 between the coupling elements 63. The membrane 66 may be
connected to the optic 68 everywhere between the coupling elements 63, or may be
connected only in portions, or may be not connected at all in the regions between the
coupling elements 63. The membrane 66 may optionally be located between the
coupling elements 63 and the optic 68 at each element’s connection point, or may be
located in only the regions between adjacent coupling elements 63. The membrane
may be made as a single piece with the haptic or as a separate element. The
membrane 66 may be made of the same material as the haptic 69, with a small
enough thickness so that it does not impede any radial expansion or compression of
the optic 68 during accommodation. Alternatively, the membrane 66 may be made
of a different (typically softer) material than the haptic 69. All of these embodiments
could be applied equally to an embodiment as shown in Fig. 5 that does not have the
ring 62.

[0060] FIG. 8 shows an intraocular lens 85 in which a haptic 89 connects to an
optic 88 by staking through the edge of the optic 88. Note that the axial portion of
the coupling elements may be surrounded by the optic material, rather than
contacting at only an edge. Contact in this manner may be considered at an edge
for the purposes of this document.

[0061] In the embodiments of FIGs. 1-8, the optic is preferably oriented on the
posterior side of the capsular bag. The preference for a posterior optic is based on a
number of factors, including, for example: avoidance or limitation of retinal
detachment, which is often more likely with anterior optics; avoidance of iris or
anterior chamber complications; and prevention or limitation of posterior capsule
opacification. Alternatively, the optic may be oriented on the anterior side of the
capsular bag, with the optional connecting ring located on the posterior side of the
haptic.

[0062] As a further alternative, two optics may be used, with one on the

anterior side and one on the posterior side of the haptic. As the capsular bag
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expands or contracts, the haptic expands or contracts both optics simultaneously. If
one optic is stiffer than the other, it could act effectively as the fixed point on a lever
arm, similar to the ring 62 in FIG. 7. Optionally, the separation between the two
optics may vary as well.

[0063] It is instructive to discuss the properties of some suitable materials for
the haptic and the optic. In general, the optic should be a fairly soft material, so that
it can deform sufficiently under the limited force of the zonules. In general, the haptic
should be a fairly hard or stiff material, so that the force from the zonules is
transmitted efficiently to the optic. A useful quantity for comparison is the Young's
modulus of the materials. For the optic, a low Young's modulus is preferred, such as
a value of 28 kpa or less. For the haptic, a high Young's modulus is preferred, such
as 1000 kpa or more. Typical haptic materials include, but are not limited to,
silicone, acrylic, polyimide, PMMA, polyurethane or other biocompatible materials.
Typical optic materials include, but are not limited to, silicone, acrylic, PMMA, and
various suitable hydrogels.

[0064] The optic itself may be solid throughout, or may be a balloon structure.
The optic may be generally soft throughout, or may have a thin, stiff layer on top of a
soft structure. The optic may also be a multilayer structure, or may contain
multilayered elements.

[0065] The haptic may be made integral with the optic. For instance, the two
may be molded together. Alternatively, they may be manufactured separately and
assembled. Some common assembly methods are silicone glue or adhesive,
ultraviolet light-cured adhesive, or heat-cured adhesive.

[0066] Note that the haptic is generally a filament in nature, which is a fine or
thinly spun thread, fiber, or wire. This filamentary shape minimizes the mass of the
haptic. Because the force that can be applied by the capsular bag is limited, and
responsiveness to this force is highly desirable, it is also desirable to minimize the
mass of the haptic so that the eye can accommodate quickly. A light haptic tends to
speed up the response of the eye, which is desirable. The haptic filaments (i.e.
coupling elements) have essentially the same size at each point along their length,
so that the cross-section of each filament remains essentially uniform along its
length. The filaments that form the coupling elements of the various embodiments
described above will typically have two ends, one of which is coupled to the optic,

with a coupling portion between the two ends for engaging the capsular bag and/or
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zonules. Note that the connecting ring 62 may optionally have a different thickness
than the filaments, and that one or more filaments may have different thicknesses
than other filaments. One or more of the filaments may be shaped to produce a
bending in a particular manner, as with a pre-bent or a memory-retaining material.
[0067] FIGs. 1 to 8 show coupling elements that are generally contained in a
plane perpendicular to the edge of the optic. This shape transmits the radial forces
exerted by the capsular bag efficiently, without the introduction of any unnecessary
torsions, twists, or torques that might arise from a less symmetric shape for the
coupling elements. These unnecessary torques would drain energy away from radial
compression or expansion of the optic, and would reduce the efficiency of the
intraocular lens accommodation. It is understood that other suitable shapes and
orientations of the coupling elements may be used.

[0068] In contrast with the haptic 59 of FIG. 5, the coupling elements in FIG.
6 may all be connected on the anterior side of the haptic 69. Because itis
undesirable to block the clear aperture of the optic, the anterior side of the haptic
may join the coupling elements in a ring 62 surrounding the clear aperture.

[0069] A further embodiment of an intraocular lens 95 is shown in FIG. 9. The
coupling element 92 forms a closed loop, in contrast with many of the haptics in
FiGs. 1-8. The coupling element 99 also forms a closed loop, but with a slightly
different shape from coupling element 92. Depending on the desired properties of
the intraocular lens 95, differently shaped coupling elements may be used around
the circumference of optic 98. For instance, having differently shaped coupling
elements distributed asymmetrically around the circumference may help generate a
deliberate amount of astigmatism during accommodation, which may in turn correct
for some astigmatism present in the other components of the eye.

[0070] A further embodiment of an intraocular lens 105 is shown in FIG. 10.
An optic 108 is supported by various coupling elements 102 and 109, which are
connected by a connecting ring 106. As with the connecting ring 62, the connecting
ring 106 does not block the clear aperture of the optic 108, and help stabilize the
respective positions of the coupling elements 102 and 109.

[0071] Note that as used in this document, the term "radial" is intended to
signify that there is neither a longitudinal (or, equivalently, axial) nor a tangential
component.

[0072] The description of the invention and its applications as set forth herein
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is illustrative and is not intended to limit the scope of the invention. Variations and
modifications of the embodiments disclosed herein are possible, and practical
alternatives to and equivalents of the various elements of the embodiments would be
understood to those of ordinary skill in the art upon study of this patent document.
These and other variations and modifications of the embodiments disclosed herein

may be made without departing from the scope and spirit of the invention.
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CLAIMS
We claim:

1. An intraocular lens for implantation in a capsular bag of an eye,
comprising:

an adjustable optic; and

a haptic, the haptic comprising:

a plurality of filaments, each filament having a first end, a second end
opposite the first end, and a coupling portion between the first end and the second
end;

wherein the first end of each filament extends substantially radially from a
peripheral edge of the adjustable optic; and

wherein the plurality of filaments are unconnected to each other at their first
and second ends;

whereby the haptic is configured to transmit forces to alter at least one of the

shape or the thickness of the adjustable optic.

2. The intraocular lens of claim 1, wherein the coupling portion of each

filament has a generally uniform cross-section along its length.

3. The intraocular lens of claim 1, wherein the first end of each filament

extends from substantially the entire peripheral edge of the adjustable optic.

4. The intraocular lens of claim 1, wherein the first end of each filament

extends only from the peripheral edge of the adjustable optic.

5. The intraocular lens of claim 1, wherein the coupling portion is shaped to

conform to an equatorial region of the capsular bag.

6. The intraocular lens of claim 1, wherein the coupling portion includes a

curved portion generally conformable to an equatorial region of the capsular bag.

7. The intraocular lens of claim 1, wherein the second end of each filament
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terminates distant from the equatorial region of the capsular bag.

8. The intraocular lens of claim 1, wherein each filament is generally

contained in a plane perpendicular to the peripheral edge of the adjustable optic.

9. The intraocular lens of claim 1, wherein the filaments are spaced apart at

the adjustable optic.

10. The intraocular lens of claim 1, wherein the haptic at its first end includes
an engagement member having a central recess sized to receive the peripheral edge

of the adjustable optic.
11. The intraocular lens of claim 1, wherein the peripheral edge of the
adjustable optic is cylindrical, and wherein the haptic has a planar member at its first

end affixed thereto.

12. The intraocular lens of claim 1, wherein the filaments have a higher

Young's modulus than the adjustable optic.
13. The intraocular lens of claim 1, wherein the adjustable optic is biconvex.

14. The intraocular lens of claim 1, wherein the adjustable optic is plano-

convex.
15. The intraocular lens of claim 1, wherein the adjustable optic is meniscus.

16. The intraocular lens of claim 1, wherein the adjustable optic faces the

posterior of the capsular bag.

17. The intraocular lens of claim 1, wherein the adjustable optic faces the
anterior of the capsular bag.

18. An intraocular lens for implantation in a capsular bag of an eye,
comprising:
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an adjustable optic; and

a haptic, the haptic comprising:

a plurality of filaments, each filament having a first end, a second end
opposite the first end, and a coupling portion between the first end and the second
end,

wherein the first end of each filament extends substantially radially from a
peripheral edge of the adjustable optic;

wherein the plurality of filaments are unconnected to each other at their first
ends; and

wherein the coupling portion of each filament has a generally uniform cross-
section along its length;

whereby the haptic is configured to transmit forces to alter at least one of the

shape or the thickness of the adjustable optic.

19. The intraocular lens of claim 18, wherein the first end of each filament

extends only from the peripheral edge of the adjustable optic.

20. The intraocular lens of claim 18, further comprising a ring connecting

each of the second ends.

21. A haptic for an intraocular lens for implantation in a capsular bag of an
eye, comprising:

a plurality of filaments, each having a first end extending from a peripheral
edge of an adjustable optic to an equatorial region of the capsular bag;

wherein the first ends are connected by a membrane; and

wherein each filament has a generally uniform cross-section along its length.

22. The haptic of claim 21, wherein the membrane is circumferentially

compressible.

23. The haptic of claim 21, wherein the membrane is affixed to the adjustable
optic at spaced-apart intervals.

24. The haptic of claim 21, wherein the filaments are connected by a ring at
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an end opposite the first end.

25. A method of stabilizing an intraocular lens comprising an optic and a
haptic, the haptic comprising a plurality of filaments, each filament having a proximal
end extending from a peripheral edge of the optic and a distal end distant from the
proximal end, the method comprising:

forming a ring which is parallel to the peripheral edge of the optic and is
axially separated from the peripheral edge of the optic; and

joining the filaments at their distal ends to the ring;

whereby the haptic stabilizes the positions of the filaments relative to each
other.

26. The method of claim 25, further comprising joining the filaments at their

distal ends to the ring such that they have uniform spacing therebetween.
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