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ACCOMMODATING INTRAOCULAR LENS WITH
ELONGATED SUSPENSION STRUCTURE

Related Application

This application claims the benefit of provisional
application serial no. 60/348,708, filed January 14, 2002.
The disclosure of which is incorporated in its entirety

herein by reference.

Background of the Invention

The present invention relates to intraocular lenses
(IOLs) . More particularly, the present invention relates
to IOLs that provide accommodating movement in the eye.

The human visual system includes the eyes, the
extraocular muscles which control eye position within the
eye socket, the optic and other nerves that connect the
eyes to the brain, and particular areas of the brain that
are in neural communication with the eyes. Each eye forms
an 1image upon a vast array of 1light sensitive
photoreceptors of the retina. The cornea is the primary
refracting surface which admits light through the anterior
part of the outer surface of the eye. The iris contains
muscles which altexr the size of the entrance port of the
eye, or pupil. The crystalline lens has a variable shape
within the capsular bag, under the indirect control of the
ciliary muscle. Having a refractive index higher than the
surrounding media, the crystalline lens gives the eye a
variable focal length, allowing accommodation to objects at
varying distances from the eye.

Much of the remainder of the eye ig filled with fluids

and materials under pressure which help the eye maintain
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its shape. For example, the aqueous humor fills the
anterior chamber between the cornea and the iris, and the
vitreous humor fills the majority of the volume of the eye
in the vitreous chamber behind the lens. The crystalline
lens is contained within a third chamber of the eye, the
posterior chamber, which is positioned between the anterior
and vitreous chambers.

The human eye is susceptible to numerous disorders and
diseases, a number of which attack the crystalline lens.
For example, cataracts mar vision through cloudy or opaque
discoloration of the lens of the eye. Cataracts often
result in partial or complete blindness. 1If this is the
case, the crystalline lens can be removed and replaced with
an intraocular lens, or IOL.

While restoring vision, conventional IOLs have limited

~ability for accommodation (i.e., the focusing on near

objects). This condition is known as presbyopia. To
overcome presbyopia of an IOL, a patient may be prescribed
eyeglasses. Alternative attempts in the art to overcome
presbyopia focus on providing IOLs with accommodation
ability. Accommodation may be accomplished by either
changing the shape of the IOL, e.g., to become more convex
to focus on near objects, or by moving the IOL along its
optical axis. Examples of this latter approach are
disclosed in Gwon et al. U.S. Patent No. 6,176,878 and
Laguette et al. U.S. Patent No. 6,406,494.

While many of the prior art approaches provide partial
accommodation, a need still exists for an improved IOL
configuration that allows sufficient forward axial movement
to achieve full-range accommodation.

In view of the foregoing, it would be beneficial in

the art to provide IOLs adapted for sufficient



10

15

20

25

30

WO 03/059196 PCT/US03/01268

accommodation to reduce significantly (or to overcome) the

effects of presbyopia.

Summary of the Invention

The present invention provideé new and enhanced
intraocular lenses (IOLs). The present IOLs enhance
accommodation of an optic. More specifically, the IOLs of
the present invention enhance accommodation by converting
radial movement of the capsular bag to axial movement of an
optic.

In accordance with one aspect of the present
invention, an intraocular lens comprises an optic having a
circular periphery centered on an optical axis. The optic
is adapted to focus light toward a retina of an eye and
provide a vision correction. A fixation member attaches to
the optic periphery and extends outward therefrom,
generally spirally around at least half of the optic. The
fixation member desirably extends around at least three-
quarters of the optic. The fixation member is longer than
previously available, and may have a length of at least
about 6 mm.

In one embodiment, there are two of the fixation
members symmetrically disposed about a plane through the
optical axis. A meridian plane passes through the optical
axis and divides the optic into leading and trailing
halves. The meridian plane 1is perpendicular to the
direction of insertion of the IOL. A leading one of the
fixation members is at least partly located in the leading
half of the IOL and attaches to the optic periphery on the
meridian plane or in the trailing half.

In a preferred embodiment, the optic and fixation

member are integrally formed as a single homogeneous piece.
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In one version, the fixation member extends outward from
the optic periphery and diverges into two beams that are
sized to contact the interior of the capsular bag of the
eye and provide accommodating movement to the optic.
Furthermore, the optic periphery desirably has a relatively
sharp posterior édge to prevent epithelial cell growth onto
the optic.

In accordance with another aspect of the present
invention, an intraocular lens (IOL), comprises an optic
having a circular periphery centered on an optical axis.
The optic is adapted to focus light toward a retina of an
eye and provide a vision correction. A meridian plane
passes through the optical axis and divides the IOL into
leading and trailing halves. Finally, a pair of fixation
members attaches to the optic periphery; a leading fixation
member is attached either on the meridian plane or in the
trailing half of the IOL, and a trailing fixation member is
attached either on the meridian plane or in the leading
half of the IOL. Further, the fixation members are both
sized to contact the interior of the capsular bag of the
eye and adapted to provide accommodating movement to the
optic.

The fixation members each preferably extend around at
least three-quarters of the optic, and each have a length
of at least about 6 mm. Desirably, the optic and fixation
members are integrally formed as a single homogeneous
plece.

Each fixation member preferably has an inner end
adjacent the optic periphery and an outer end configured to
contact the interior of the capsular bag of the eye. The
outer end of the leading fixation member is in the leading

half of the IOL and the outer end of the trailing fixation
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member is in the trailing half of the IOL.

Each fixation member may have an inner end adjacent
the optic periphery and an outer end configured to contact
the interior of the capsular bag of the eye, wherein the
IOL further includes a transition section interposed
between the inner ends of the fixation members and the
optic periphery. Each transition section is angled with
respect to the optical axis so as to offset the inner ends
of each fixation member from an optic plane passing through
the center of the optic and perpendicular to the optical
axis.

In accordance with a still further aspect of the
present invention, an intraocular lens is provided that
comprises an optic, a fixation member, and a transition
section therebetween. The optic has a circular periphery
centered on an optical axis and focuses light toward a
retina of an eye and provides a vision correction. The
optic further has an anterior face and a posterior face
spaced apart on opposite sides of an optic plane
perpendicular to the optical axis. The fixation member has
an inner end and an outer end. The transition section lies
between the fixation member inner end and the optic
periphery and has an inner portion connected to the optic
periphery and an outer portion connected to the fixation
member. The outer portion is displaced along the optical
axis with respect to the inner portion in an anterior
direction. Furthermore, the fixation member extends
generally in a plane parallel to the optic plane but
displaced therefrom along the optical axis in the anterior
direction.

Preferably, the optic periphery has a relatively sharp

posterior edge, and may also have a relatively sharp
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anterior edge. In one embodiment, there are two of the
fixation members and transition sections diametrically
opposed across the optic. Moreover, each of the fixation
members may extend geherally spirally about haifway around
the optic.

Each and every feature described herein, and each and
every combination of two or more of such features, is
included within the scope of the present invention provided
that the features included in such a combination are not
mutually inconsistent.

’ Additional aspects, features, and advantages of the
present invention are set forth in the following
description and claims, particularly when considered in
conjunction with the accompanying drawings in which like

parts bear like reference numbers.

Brief Description of the Drawings

Fig. 1 1is a vertical cross-section of an eye
illustrating an exemplary intraocular lens of the present
invention positioned within the capsular bag;

Fig. 2 is a cross-section similar to Fig. 1 showing
forward or anterior movement of an optic of the intraocular
lens;

Fig. 3 .is a perspective view of the exemplary
intraocular lens of the present invention;

Fig. 4 1is a sectional view of one half of the
intraocular lens of Fig. 3 taken radially through the optic
and then through one of the fixation members;

Fig. 5 is a plan view of the exemplary intraocular
lens of Fig. 3;

Fig. 6 is a plan view of an alternative intraocular

lens of the present invention;
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Figs. 7-9 are schematic plan views of further
alternative intraocular lenses of the present invention;
and

Figure 10 is a schematic plan view of the alternative
intraocular lens of the present invention having a single
fixation member that diverges into two outer ends.

Description of the Preferred Embodiments

Referring to the drawings in more detail, an
intraocular lens (IOL) 20 according to an exemplary
embodiment of the present invention is illustrated in Figs.
1 and 2 after implantation in the capsular bag 22 of an
eye. Exemplary IOL 20 includes an optic 24 and a movement
assembly 26 coupled thereto. The optic 24, which has an
optical axis OA, is adapted to focus light onto a retina of
an eye. The movement assembly 26 of exemplary IOL 20
cooperates with the eye to effect accommodating movement of
the optic 24 and, in particular, converts radial movement
(i.e., movement perpendicular to the optical axis OA) of
the capsular bag of an eye to axial movement (i.e.,
movement parallel to the optical axis OA) of the optic 24.
In the exemplary embodiment, the movement assembly 26
biases the optic 24 in a posterior direction (to the right)
against the posterior wall of the capsular bag 22.

A brief description of the anatomy of the eye is
appropriate in order to understand the invention. The
capsular bag 22 resides in the posterior chamber of the eye
and is in direct contact with the jelly-like vitreous humor
28 which fills the nearly spherical space between the
capsular bag and the retina (not shown). In a healthy
person, the capsular bag 22 contains the natural
crystalline lens which transmits light passing through the

orifice of the iris 30 to the retina. The capsular bag 22
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is connected to an annular ciliary muscle 34 by suspensory
ligaments or zonules 36. The ciliary muscle 34 is the
chief agent in accommodation, i.e., in adjusting the eye to
focus on near objects. The zonules 36 retain the lens in
position and are relaxed by the contraction of the ciliary
muscle 34, thereby allowing a natural crystalline lens to
become more convex.

Applying this anatomy to the present invention,
exemplary IOL 20 is configured to facilitate movement of
the optic 24 in response to the action of the ciliary
muscle 34 and the zonules 36. When the ciliary muscle 34
constricts inward the =zonules 36 relax and reduce the
equatorial diameter of the capsular bag 22, wherein the
optic 24 translates in the posterior direction against the
rear wall of the capsular bag 22. Conversely, when the
ciliary muscle 34 relaxes, the =zonules 36 tense and
increase the equatorial diameter of the capsular bag 22,
thereby moving the optic 24 in the anterior direction. In
the illustrated embodiment, the optic 24 is biased against
the rear wall of the capsular bag 22 at all times, and
axial movement of the optic from the action of the ciliary
muscle 34 is primarily governed by the position of the rear
wall. That is, changes in pressure of the vitreous humor
28 act on the rear wall of the capsular bag 22 and cause it
to translate in the axial direction. For example, Fig. 2
illustrates forward movement of the optic 24 from increase
in pressure of the vitreous humor 28. One advantage of the
present invention is that the optic 24 remains biased
against the rear wall of the capsular bag 22 yet can
accommodate substantial forward or anterior wmovement

because of long fixation members.
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Figs. 3-5 illustrate the exemplary IOL 20 1in
perspective, half-section, and plan vieW, respectively.
The posterior aspect of the IOL 20 is s€en in Fig. 3 such
that a posterior face 40 of the optic 24 faces out of the
page. A generally circular periphery or peripheral edge 42
defines the radially outer extent of the optic 24 and
separates the posterior face 40 from an anterior face 44
(see Fig. 4). The optic 24 is typically circular, but may
exhibit a different shape as long as the optical correction
character is centered about the optical axis OA. As seen
in Fig. 4, both the posterior face 40 and anterior face 44
are convex such that the optic 24 is considered bi-convex.
Of course, those of skill in the art will understand that
the anterior and posterior faces can take other shapes,
such as planar or concave. In any event, the posterior
face 40 and anterior face 44 are spaced apart on opposite
sides of an optic plane 45 that extends perpendicular to
the optical axis OA. In other words, the optic 24 is
centered on and oriented in the optic plane 45.

As best seen in Figs. 3 and 5, the movement assembly
26 comprises a pair of fixation members 50a, 50b connected
to and extending radially outward from the circular
periphery 42 of the optic 24. A transition section 52 is
interposed between each of the fixation membefs 50a, 50b
and the periphery 42. The transition section 52 can be seen
in Fig. 4 and extends at an angle 6 in an anterior
direction with respect to the optic plane 45. In a
preferred embodiment, 6 is approximately 15°.

As seen in Figs. 3 and 4, each fixation member 50a,
50b has a proximal end 54 connected to the respective
transition section 52a, 52b, an accommodating beam 56, and

a stabilizing arm 58 terminating in a distal end 60. The
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accommodating beam 56 is substantially wider in plan'view
than the stabilizing arm 58 and is connected thereto at a
relatively thin living hinge 62. Each fixation member 50a,
50b is desirably oriented in a plane that is spaced from
the optic plane by virtue of the angled transition section
52. The fixation members 50a, 50b are desirably co-planar,
but may be slightly angled with respect to one another.

Although controlled fibrosis (i.e., cellular growth)
on the stabilizing arm 58 may be desirable, the IOLs 20 of
the invention inhibit cell growth, particularly epithelial
cell growth, onto the optic 24. This is accomplished by
configuring the periphery 42 of the optic 24 with
mechanical barriers such as relatively sharp posterior and
anterior edges 64 shown in Figs. 3 and 4. The
proliferation of unwanted epithelial cell growth may also
be inhibited through the use of material properties.

The fixation members 50a, 50b of the IOL 20 are
substantially longer than previous fixation members. When
there are two fixation members, the surgeon typically
identifies them as leading and trailing with reference to
their orientation during the implant procedure. The
accepted technique is to insert, through the incisions in
the cornea and the capsular bag, a first or leading one of
the fixation members, then the optic, then the other or
trailing fixation member. With respect to Fig. 5, a
meridian plane 70 is drawn that divides the IOL 20 into a
leading half to the left, and a trailing half to the right.
The primary location of the fixation members 50a, 50b on
either side of the meridian plane 70 determines whether
they are leading or trailing. Therefore, because the
fixation member 50a is primarily located on the left of the

meridian plane 70, it is considered to be the leading
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member, while the trailing fixation member is indicated as
50b. Alternatively, the location of the terminal end 60
may signify whether the corresponding fixation member 50 is
leading or trailing.

The present invention provides long fixation members
50a, 50b by virtue of the leading fixation member S50a
attaching to the optic periphery 42 along the meridian
plane 70 or in the trailing half. Likewise, the trailing
fixation member 50b attaches to the optic periphery 42
along the meridian plane 70 or in the leading half, and is
thus longer than previous fixation members. In terms of
absolute length, each of fixation members 50a, 50b is at
least 6 mm long from its inner end 54 to its outer end 60.

Fig. 6 illustrates an altexrnative IOL 80 of the
present invention that is in many ways similar to the IOL
20 illustrated in Figs. 3-5. 1In particular, the IOL 80
has a generally circular optic 82, having a periphery 84
from which a pair of fixation members 86a, 86b extend
outward. As in the first embodiment, angled transition
sections 88a, 88b locate the fixation members 86a, 86b out
of the optic plane (parallel to the page) in the anterior
direction.

A meridian plane 90 extending through the optical axis
OA divides the IOL 80 into a leading half on the left, and
a trailing half on the right. Again, the halves of the IOL
are determined by the orientation of the fixation members
86a, 86b during implant, such that the surgeon inserts the
fixation member 86a first through the incisions in the
eye. As in the earlier embodiment, the fixation members
are relatively long. More particularly, the 1leading
fixation member 86a connects to the optic periphery 84

along the meridian plane 90 or in the trailing half.
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Likewise, the trailing fixation member 86b connects to the
optic periphery 84 along the meridian plane 90 or in the
leading half. As can be seen by comparing Figs. 5 and 6,
the transition sections 88a, 88b are located closer to the
meridian plane 90 in the alternative embodiment than the
corresponding elements were in the first embodiment.

Figs. 7-9 schematically illustrate intraocular lenses
that have two fixation members extending spirally around an
optic.

An IOL 100 of Fig. 7 has a leading fixation member
102a and a trailing fixation member 102b, each of which
spirally extends around approximately half the
circumference of an optic 104. Each fixation member 102
connects to the optic 104 along a meridian plane 106 that
divides the IOL 100 into leading (left) and trailing
(right) halves. In this orientation, therefore, the IOL
100 is inserted to the left into the eye.

An IOL 110 of Fig. 8 has a leading fixation member
112a and a trailing fixation member 112b, each of which
spirally extends around approximately three-quarters of the
circumference of an optic 114. Each fixation member 112
connects to the optic 114 along a meridian plane 116 that
divides the IOL 110 into 1leading (left) and trailing
(right) halves. 1In this orientation, therefore, the IOL
110 is inserted to the left into the eye.

An IOL 110 of Fig. 9 has a leading fixation member
122a and a trailing fixation member 122b, each of which
spirally extends around approximately the entire
circumference of an optic 124. Each fixation member 122
connects to the optic 124 along a meridian plane 126 that

divides the IOL 120 into leading (left) and trailing
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(right) halves. In this orientation, therefore, the IOL
120 is inserted to the left into the eye.

Although the illustrated embodiments show two fixation
members, only one, or three or more, may also be used. 1In
this context, each fixation member is separately connected
to the optic. Therefore, if there are multiple strands
but only one point of connection, there is only one
fixation member.

An example of a single fixation member IOL 130 with
multiple strands is seen in Figure 10. A fixation member
has an inner end 132 that connects to an optic 134. 'The
fixation member splits into two accommodating beams 136a,
136b that extend approximately halfway around the
circumference of the optic 132 to terminate at free ends
138, 138b. 1In this regard, the beams 136a, 136b are each
longer than previous fixation members and thus permit
greater accommodation movement of the optic 132. A
meridian plane 140 again divides the IOL 130 into leading
(left) and trailing (right) halves such that the IOL 130
inserts to the left and the free ends 138a, 138b of the
beams 136a, 136b are on the trailing end.

For human implantation, the exemplary IOLs disclosed
herein may be configured such that the amount of positive
or near accommodation is preferably at least about 1
diopter and may range up to 3.5 diopters or more. Further,
IOLs may be configured to provide at least about 2.0 mm of
posterior axial movement in the eye with a reduction of
about 2.0 mm in the equatorial diameter of the capsular bég
22 caused by the ciliary muscle 34 and the zonules 36.

The optics may be constructed of rigid biocompatible
materials such as polymethyl methacrylate (PMMA) or

deformable materials such as silicone polymeric materials,
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acrylic polymeric materials, hydrogel polymeric materials,
and the like. The deformable materials allow the IOL to be
rolled or folded for insertion through a small incision
into the eye. Although the optic as shown is a refractive
lens body, the present IOLs may include a diffractive lens
body, and such embodiment is included within the scope of
the present invention.

With reference to the first embodiment of Figs. 3-5,
but also applicable to the other embodiment, the optic 24

is desirably integrally formed with the movement assembly

26 (i.e., fixation members 50a, 50b). That 1is, the
fixation members 50a, 50b are formed of the same
homogeneous biocompatible material as the optic 24,

preferably polymeric materials such as polypropylene,
silicone polymeric materials, acrylic polymeric materials,
and.the like. The movement assembly 26 is preferably
deformable in much the same manner as the optic 24 to
facilitate the passage of the IOL 20 through a small
incision into the eye. The material or materials of
construction from which the movement assembly 26 is made
are chosen to provide the assembly with the desired
mechanical properties, e.g., strength and deformability,
to meet the needs of the particular application involved.

The IOL 20 may be inserted into the capsular bag 22 of
a mammalian eye wusing conventional equipment and
techniques, for example, after the natural crystalline lens
is removed, using a phacoemulsification technique. The IOL
20 is preferably rolled or folded prior to insertion into
the eye to be insertable through a small incision, for
example, on the order of about 3.2 mm. After insertion,
the IOL 20 may be positioned in the eye as shown in Fig.
1.
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If the IOL 20 is to be implanted in an adult human
eye, the optic 24 preferably has a diameter in the range of
about 3.5 mm to about 7 mm and, more preferably, in the
range of about 5 mm to about 6 mm. Further, the IOL 20 may
have an overall diameter, with the movement assembly 26'in
an unstressed condition, of about 8 mm to about 11 mm or 12
mm. Additionally, the optic 24 preferably has a far-vision
correction power for infinity in an un-accommodated state.

While the present invention has been described with
respect to various specific examples and embodiments, it is
to be understood that the invention is not limited thereto
and that it can be variously practiced within the scope of

the following claims.
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WHAT IS CLAIMED IS:

1. An intraocular lens for implantation in the
capsular bag, comprising:

an optic Having a circular periphery centered on an
optical axis, the optic adapted to focus light toward a
retina of an eye and provide a vision correction; and

a fixation member attached to the optic periphery and
extending outward therefrom generally spirally around at
least half of the optic, the fixation member being sized to
contact the interior of the capsular bag of the eye and

adapted to enhance accommodating movement of the optic.

2. The intraocular lens of claim 1, wherein the
fixation member extends around at least three-quarters of

the optic.

3. The intraocular lens of claim 1, wherein the

fixation member has a length of at least about 6 mm.

4, The intraocular lens of claim 1, wherein there
are two of the fixation members symmetrically disposed

about a plane through the optical axis.

5. The intraocular 1lens of claim 4, further
including a meridian plane defined to pass through the
optical axis and divide the optic into leading and trailing
halves, the meridian plane being perpendicular to the
direction of insertion of the IOL, wherein a leading one of
the fixation members is at least partly located in the
leading half of the IOL and attaches to the optic periphery

on the meridian plane or in the trailing half.
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6. The intraocular lens of c¢laim 1, wherein the
optic and fixation member are integrally formed as a single

homogeneous piece.

7. The intraocular lens of claim 1, wherein the
fixation member extends outward from the optic periphery
and diverges into two beams that are sized to contact the
interior of the capsular bag of the eye and provide

accommodating movement to the optic.

8. The intraocular lens of c¢laim 1, wherein the

optic periphery has a relatively sharp posterior edge.

9. An intraocular lens (IOL), comprising:

an optic having a circular periphery centered on an
optical axis, the optic adapted to focus light toward a
retina of an eye and provide a vision correction;

a meridian plane defined to pass through the optical
axis and divide the IOL into leading and trailing halves;
and

a pair of fixation members attached to the optic
periphery, a leading fixation member being attached either
on the meridian plane or in the trailing half of the IOL,
and a trailing fixation member being attached either on the
meridian plane or in the leading half of the IOL, both of
the fixation members being sized to contact the interior of
the capsular bag of the eye and adapted to enhance

accommodating movement of the optic.

10. The intraocular lens of claim 9, wherein the

fixation members each extend around at least three-quarters



10

WO 03/059196 PCT/US03/01268

18

of the optic.

11. The intraocular lens of claim 9, wherein each

fixation member has a length of at least about 6 mm.

12. The intraocular 1lens of claim 9, wherein the
optic and fixation members are integrally formed as a

single homogeneous piece.

13. The intraocular lens of claim 9, wherein each
fixation member has an inner end adjacent the optic
periphery and an outer end configured to contact the

interior of the capsular bag of the eye, and wherein the

vouter end of the leading fixation member is in the leading

half of the IOL and the outer end of the trailing fixation
member is in the trailing half of the IOL.

14. The intraocular lens of claim 9, wherein each
fixation member has an inner end adjacent the optic
periphery and an outer end configured to contact the
interior of the capsular bag of the eye, and further
including a transition section interposed between the inner
ends of the fixation members and the optic periphery, each
transition section being angled with respect to the optical
axis so as to offset the inner ends of each fixation member
from an optic plane passing through the center of the optic

and perpendicular to the optical axis.

15. An intraocular lens, comprising:
an optic having a circular periphery centered on an
optical axis, the optic adapted to focus light toward a

retina of an eye and provide a vision correction, the optic
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having an anterior face and a posterior face spaced apért
on opposite sides of an optic plane perpendicular to the
optical axis;

a fixation member having an inner end and an outer
end; and

a transition section between the fixation member inner
end and the optic periphery, the transition section having
an inner portion connected to the optic periphery and. an
outer portion connected to the fixation member, the outer
portion being displaced along the optical axis with respect
to the inner portion in an anterior direction, and wherein
the fixation member extends generally in a plane parallel
to the optic plane but displaced therefrom along the

optical axis in the anterior direction.

16. The intraocular lens of claim 15, wherein the

optic periphery has a relatively sharp posterior edge.

17. The intraocular lens of claim 15, wherein the

optic periphery has a relatively sharp anterior edge.

18. The intraocular lens of claim 15, wherein there
are two of the fixation members and transition sections

diametrically opposed across the optic.

19. The intraocular lens of claim 18, wherein each of
the fixation members extends generally spirally about the

optic.

20. The intraocular lens of claim 19, wherein each of
the fixation members extends at least about halfway around

the optic.
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21. The intraocular lens of claim 15, wherein the
fixation member is displaced by approximately 15° from the

optic plane.
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