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[57] ABSTRACT

An intraocular lens comprising a deformable optic and
first and second fixation members. Each of the fixation
members has a proximal end portion. First and second
elongated anchors are coupled to the proximal end
portions of the fixation members, respectively, and the
anchors and the proximal! end portions within periph-
eral regions of the optic so that the anchors can assist in
attaching the fixation members to the optic. The an-
chors are spaced apart so that the deformable optic can
be folded to facilitate insertion of the optic through a
relatively small incision into the eye.

12 Claims, 1 Drawing Sheet
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1
STAKING ANCHOR FOR SOFT IOL

Matter enclosed in heavy brackets [ 7] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

This application is a division of application Ser. No.
804,674 filed on Dec. 4, 1985, now U.S. Pat. No.
4,834,751.

BACKGROUND OF THE INVENTION

Intraocular lenses (IOL’s ) are a well-known type of
surgical implant used to replace the natural lens of an
eye which has been damaged as a result of trauma or
disease. Such I0OL’s typically comprise an optic and at
least one fixation member attached to the optic. The
fixation member functions to position the optic in the
correct optical alignment within the eye. Many fixation
members are of filamentary form, and are attached to
the optic at or near the periphery of the optic.

It 1s conventional practice to construct the optic of a
hard biocompatible polymer, such as polymethylmeth-
acrylate (PMMA). More recently, it has been proposed
to construct the optic from a relatively flexible or de-
formable material. When so constructed, the optic can
be rolled or flexed into a relatively small cross-sectional
configuration to permit to be inserted through a rela-
tively small incision into the eye to thereby reduce the
trauma and likelihood of infection from the surgery.

The fixation members are constructed of a resilient
material, typically polypropylene. In some IOL’s, the
fixation members are integrally formed with the optic.
In other types of 10L’s, various methods of attaching
the fixation members to the optic have been devised.

A common method of attaching requires drilling two
. small intersecting holes in the edges portion of the op-
tic. A proximal end portion of the fixation member is
inserted into one hole and a heated rod is inserted
through the other of the intersecting holes, The heated
rod melts the proximal end portion of the fixation mem-
ber where contacted causing the melted material to
flow into the second intersecting hole to form a me-
chanical interlock when the material solidifies. Great
precision is required in the dniling of the intersecting
holes. Also characteristic of the I0OL’'s made according
to this method is the potential of debris-trapping cavi-
ties remaining from a less-than-complete filling of the
holes in the optic by the melted portion of the fixation
member.

The attachment of the fixation members to the optic
is particularly troublesome when the optic is con-
structed of soft or deformable materials, such as sili-
cone. When the deformable optic is folded or rolled
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prior to insertion through the incision into the eye, -

flexure of the optic creates a likelihood that the fixation
member will become detached from the optic. If this
occurs, it not only renders the I0L useless, but alsois a
potential hazard to the patient. The soft optic materials,
such as silicone, do not have sufficient rigidity to be
used as an integral fixation member or haptic.

It is known to attach the fixation members to a large
resilient, circular ring and to mold the soft optic mate-
rial over the ring so that the ring is concentric with the
optic and extends along a peripheral region of the optic.
However, for foldable optics, this construction pre-
cludes the use of rigid or non-foldable materials for the
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ring and requires the dedication of a large diameter
annulus of the optic 1o capture the ring.

SUMMARY OF THE INVENTION

This invention improves the attachment of the fixa-
tion members to a soft or deformable optic and elimi-
nates the ring of the prior art in favor of first and second
elongated anchors or supports which are coupled to the
proximal end portions of first and second fixation mem-
bers, respectively. The anchors and proximal end por-
tions are within peripheral regions of a deformable optic
s0 that the anchors assist in attaching the fixation mem-
bers to the optic. The anchors are spaced apart so that
the deformable optic can be folded to faciliate insertion
of the optic through a relatively small incision into the
eye.

Because the anchors are spaced apart, they do not
interfere with folding of the deformable optic. Accord-
ingly, the anchors may be constructed of resilient mate-
rial, rigid material, material which is more rigid than the
material of the optic, or virtually any material suitable
for placement within the optic. Also, the anchors can be
much smaller than the ring of the prior art and thereby
require much less dedicated space within the optic to
accommodate them.

The anchors can be of various different construc-
tions. For example, each of the anchors may include a
filament which is molded integrally with the associated
fixation member or formed separately and attached
thereto as by welding or staking. The anchors may be of
the same or different materials than the optic and the
fixation members. By elongating the anchors, they can
form a strong mechanical interlock with the optic and
can hold the fixation members against rotation relative
to the optic.

S0 as to best serve as an anchor, each of the anchors
preferably extends away from the axis of the associated
fixation member at the location where the anchor is
coupled to the fixation member. For example, each of
the anchors may include a filament which forms a seg-
ment of an arc and/or which extends generally trans-
verse to the proximal end portion of the associated

fixation member. In one preferred construction, the

filament is elongated, forms the segment of an arc and is
more rigid than the deformable optic so that it can
provide a frame or skeleton to support the soft optic so
as to decrease the likelihood that the optical properties
of the optic will be altered when the IOL is introduced
into the eye.

The invention, together with additional features and
advantages thereof may best be understood by refer-
ence to the following description taken in connection
with the accompanying illustrative drawings.

BRIEF DESCRIPTION OF THE DRAWING

FI1G. 1 is an elevational view partially in section of
one form of IOL constructed in accordance with the
teachings of this invention. |

FIG. 2 is a side elevational view of the JOL.

FIG. 3 is a fragmentary sectional view taken gener-
ally along line 3—3 of FIG. 1.

FIG. 4 is an isometric view of one form of fixation
member and anchor.

FIGS. 5 and 6 are fragmentary sectional views illus-
trating portions of optics and fixation members being
utilized with anchors of different configurations.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an IOL which comprises an optic 13 of
a transparent, biocompatible material, fixation members
15 and 17 and anchors 19 and 21. Although the optic 13
could be of various different configurations, in the em-
bodiment illustrated, it has a convex anterior face 23
(FIG. 2), a convex posterior face 28, and a cylindrical
periphery or edge 27. The optic 13 1s constructed of a
suitable, soft, deformable material, such as silicone or
polyurethane which permits the optic to be rolled or
folded into a smaller configuration for insertion through
a relatively small incision into the eye.

The fixation members 15 and 17 retain or fix the optic
13 in the correct position within the eye. Each of the
fixation members 18 and 17 is in the form of an elon-
gated, resilient strand or filament. Although the fixation
members can be of various different configurations, in
this embodiment, they are each constructed of a gener-
ally J-shaped configuration, and they are constructed of
a resilient, biocompatible material, such as polypropyl-
ene.

Although the anchors 19 and 21 can be of various
different configurations, in the embodiment of FIGS.
1-4, each of them is in the form of an elongated filament
which forms a segment of an arc and which extends
away from the axis of the associated fixation member. In
this embodiment, the anchors 19 and 21 are of identical
construction, although this is not essential. Each of the
anchors 10 and 21 is joined to the associated fixation
member 15 and 17 are a location spaced from the center
of the segment of the arc. The anchors 19 and 21 may be
constructed of any suitable biocompatible material,
such as polymethylmethacrylate (PMMA), which is
quite rigid, or polypropylene, which is relatively resil-
ient. In either case in this specific embodiment, the
anchors 10 and 21 are more rigid than a silicone or
polyurethane deformable optic 13. The anchors 19 and
21 may be molded integrally with the fixation members
15 and 17 or hey be formed separately and attached to
the proximal end portions 29 as by welding or staking.

Although the length of the arcs formed by the an-
chors 19 and 21 can vary, in this embodiment, each of
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the anchors extends for about 90 degrees. The anchors 45

19 and 21, in this embodiment, are diametrically oppo-
site and are spaced apart by approximately 90 degrees.
The anchors 19 and 21 are coupled to proximal end
portions 29 of the fixation members 15 and 17, respec-
tively. The anchors 19 and 21 and the proximal end
portions 29 are within peripheral regions of the optic 13,
and the anchors are closely adjacent the periphery 27.
In addition, the anchors 19 and 21 are preferably con-
centric with the optic 13. The optic 13 is cast or molded
over the proximal end portions 29 and the anchors 19
and 21.

This construction provides mmportant advantages.
For example, the anchors 19 and 21 form a strong me-
chanical interlock with the optic 13 which not only
prevents withdrawal of the fixation members 15 and 17
from the optic, but also prevents rotation of the fixation
members relative to the optic. In addition, because the
opposite ends of the anchors 19 and 22 are widely
spaced, the anchors do not interfere with folding or
rolling of the optic 13 into a smaller configuration for
insertion through a relatively small incision into the eye.
Accordingly, even if the anchors 19 and 22 are con-
structed of rigid material, the optic 13 can still be folded
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for insertion through the small incision. Also, the an-
chors 19 and 21 serve as supports to support the deform-
able optic 13 so as to decrease the likelihood that the
optical properties of the optic will be altered when the
I0OL is introduced into the eye.

FIGS. 5 and 6 show IOL’s 11a and 11b, respectively,
and each of these IOL’s identical to the IOL 11 in all
respects not shown or described herein. Portions of the
IOL'’s 11a and 11b corresponding to portions of the IOL
11 are designated by corresponding reference numerals
followed by the letters “a™ and “b”, respectively.

The IOL's 11a and 11b differ from the IOL 11 in the
construction of the anchors 19a and 19b. Each of the
anchors 19a and 19b is in the form of an elongated rod,
plate filament or plug of a suitable plastic, such as
PMMA or polypropylene. Both of the anchors 19a and
19b extend generally transverse to the associated proxi-
mal end portions 29 and 29b. As shown in FIGS. 5 and 6,
each of the anchors 19a and 19b defines with the associated

Sfixation member 15a and 15b a generally T-shaped config-

uration. The anchor 19a is welded to the proximal end
portions 29a, and the anchor 19b is staked to the proxi-
mal end portion 29b. More specifically, the staking may
be carnied out, for example, by inserting a region of the
proximal end portion 29b into or through a hole 41 of
the anchor 19b and inserting a hot rod through a ore 43
to melt a portion of the proximal end portion 29 b and
form a projection 45 in the bore 43 which interlocks
with the bore to attach the anchor 19b to the proximal
end portion 29b. Following the attachment of the an-
chors 19a and 19b, the optics 13a and 13b are molded,
respectively, about the proximal end portions 29a and
29b and the anchors. As shown in FIGS. 5 and 6, each of
the anchors 19a and 19b defines with the associated fixa-
tion member 15a and 13b a generally T-shaped configura-
tion.

The anchors 19a and 19b interlock with the material
of the associated optics 13a and 13b to provide a strong
mechanical interlock. In addition, the anchors 19a and
19b prevent rotation of the associated fixation members
15a and 15b relative to the optic. Of course, additional
fixation members can be attached to the optics 13a and
13b 1n accordance with the principles of this invention.

Although exemplary embodiments of the invention
have been shown and described, many changes, modifi-
cations and substitutions may be made by one having
ordinary skill in the art without necessarily departing
from the spirit and scope of this invention.

We claim:

1. An intraocular lens comprising:

an optic which i1s deformable to facilitate insertion of

the optic through an incision into the eye;

first and second fixation members; each of said fixa-

tion members having a proximal end portion;

first and second anchors coupled to the proximal end

portions of the first and second fixation members,
respectively, at least one of said anchors including
a filament extending transversely on both sides of
the associated fixation member at the location
where said one anchor is coupled to such fixation
member, said filament being substantially perpen-
dicular to the associated fixation member at said
location;

sdid optic being molded over said anchors and said

proximal end portions;

said anchors and proximal end portions being within

peripheral regions of the optic whereby the an-
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chors assist in attaching the fixation members to the
optic; and

said anchors being spaced apart whereby the deform-
able optic can be folded to facilitate insertion of the
optic through an incision into the eye. 5

2. An intraocular lens as defined in claim 1 wherein
each of said anchors 1s rigid.

3. An intraocular lens as defined in claim 1 wherein
said filament of said one anchor is welded to the associ-
ated fixation member. 10

4. An intraocular lens as defined in claim 3 wherein
said anchors are rigid.

5. An intraocular lens as defined in claim 1 wherein
each of said anchors is more rigid than the optic.

6. An intraocular lens comprising: 15

an optic which is deformable to facilitate insertion of
the optic through an incision into the eye;

first and second fixation members, each of said fixa-
tion members having a proximal end portion;

a first anchor coupled to the proximal end portion of 20
the first fixation member;

a second anchor having a hole receiving a region of
the proximal end portion of the second fixation
member;

means for attaching said second anchor to the proxi- 25
mal end portion of the second fixation member,

said second anchor extending transversely on both
sides of the second fixation member at the location
where said second anchor is coupled to the second
fixation member; 30

said optic being molded over said anchors and said
proximal end portions;

said anchors and proximal end portions being within
peripheral regions of the optic whereby the an-
chors assist in attaching the fixation members to the 35
optic; and

said anchors being spaced apart whereby the deform-
able optic can be folded to facilitate insertion of the
optic through an incision into the eye.

7. An intraocular lens comprising: 40

an optic which is deformable to facilitate insertion of the
optic through an incision into the eye;

first and second fixation members, each of said fixation
members having a proximal end portion;

first and second anchors coupled to the proximal end 45
portions of the first and second fixation members,
respectively, at least one of said anchors including a
Silament extending transversely on both sides of the
associated fixation member at the location where said
one anchor is coupled to such fixation member, said 50
filament being substantially perpendicular to the asso-
ciated fixation member at said location,

said optic receiving said anchors and said proximal end
portions;

said anchors and proximal end portions being within 55
peripheral regions of the optic whereby the anchors
assist in attaching the fixation members to the optic;

and

said anchors being spaced apart whereby the deformable
optic can be folded o facilitate insertion of the optic 60

through an incision into the eye.

8. An intraocular lens comprising:

an optic which is deformable 1o facilitate insertion of the
optic through an incision into the eye;

first and second fixation members, each of said fixation 65
members having a proximal end portion;

a first anchor coupled to the proximal end portion of the
first fixation member;

6

a second anchor having a hole receiving a region of the
proximal end portion of the second fixation member;

means for attaching said second anchor to the proximal
end portion of the second fixation member. said sec-
ond anchor extending transversely on both sides of the
second fixation member at the location where said
second anchor is coupled to the second fixation mem-
ber;

said optic receiving said anchors and said proximal end
portions;

said anchors and proximal end portions being within
peripheral regions of the optic whereby the anchors
assist in attaching the fixation members to the optic;
and

said anchors being spaced apart whereby the deformable
optic can be folded to facilitate insertion of the optic
through an incision into the eye.

9. An intraocular lens comprising:

an optic which is deformable to facilitate insertion of the
optic through an incision into the eye;

first and second fixation members, each of said fixation
members having a proximal end portion;

first and second anchors coupled to the proximal end
portions of the first and second fixation members,
respectively, at least one of said anchors including a
rod extending transversely on both sides of the associ-
ated fixation member at the location where said one
anchor is coupled to such fixation member, said rod
being substantially perpendicular to the associated
fixation member at said location;

said optic receiving said anchors and scid proximal end
portions;

said anchors and proximal end portions being within
peripheral regions of the optic whereby the anchors
assist in attaching the fixation members to the optic;
and

said anchors being spaced apart whereby the deformable
optic can be folded to facilitate insertion of the optic
through an incision into the eye.

10 An intraocular lens comprising:

an optic which is deformable to facilitate insertion of the
optic through an incision into the eye;

Jirst and second fixation members, each of said fixation
members having a proximal end portion;

first and second anchors coupled to the proximal end
portions of the first and second fixation members,
respectively, at least one of said anchors including a
rod extending transversely of the associated fixation
member at the location where said one anchor is cou-
pled to such fixation member, said rod being substan-
tially perpendicular to the associated fixation member
at said location,

said optic receiving said anchors and said proximal end
portions, *

said anchors and proximal end portions being within
peripheral regions of the optic whereby the anchors
assist in attaching the fixation members to the optic;
and

said anchors being spaced apart whereby the deformable
optic can be folded to facilitate insertion of the optic
through an incision into the epe.

11. An intraocular lens comprising:

an optic which is deformable to facilitate insertion of the
.optic through an incision into the eye;

Jirst and second fixation members, each of said fixation
members having a proximal end portion;

Jirst and second anchors separate from the fixation
members and coupled to the proximal end portions of
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the first and second fixation members, respectively, at
least one of said anchors including a rod extending
transversely on at least one side of the associated fixa-
tion member at the location where said one anchor is
coupled to such fixation member;

said optic receiving said anchors cnd said proximal end
portions,

said anchors and proximal end portions being within
peripheral regions of the optic whereby the anchors
assist in attaching the fixation members to the optic;
and

10

said anchors being spaced apart whereby the deformable .

optic can be folded 10 facilitate insertion of the optic
through an incision into the eye.

12. An intraocular lens comprising:

an optic which is deformable to facilitate insertion of the
optic through an incision into the eye;
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first and second fixation members, each of said fixation
members having a proximal end portion;

first and second anchors separate from the fixation
members and coupled to the proximal end portions of
the first and second fixation members, respectively, at
least one of said anchors including a rod extending
transversely of the associated fixation member at the
location where said one anchor is coupled 1o such
fixation member and defining therewith a generally
T-shaped configuration;

said optic receiving said anchors and said proximal end
portions;

said anchors and proximal end portions being within
peripheral regions of the optic whereby the anchors
assist in attaching the fixation members to the optic;
and

said anchors being spaced apart whereby the deformable
optic can be folded to facilitate insertion of the optic

through an incision into the eye.
. £ 2 . .
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