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(54) Title: INTRAOCULAR CONTACT LENS AND METHOD OF IMPLANTATION

(S7) Abstract

This invention is an intraocular contact lens
| (10, 20, 30, 40, 50, 60, 70, 80) for implantation
into the eye. The intraocular contact lens is
provided with a transition between a lens portion
and lens body portion to minimize edge formation
that could potentially damage or wear the back of 9 2
the iris. Further, the intraocular contact lens can
have a variety of features including a groove (G)
on the anterior surface for enhancing lubrication
between the intraocular contact lens and the back
of the iris, an air passageway (86) for equalizing
the pressure between the anterior and posterior

86
88 84

h 7/[///, o

o ..~
&

surface, and one or more indents (92) for manipulating the intraocular contact lens under the eye during the implantation operation while
preventing contact of the natural lens with the tip of the manipulating instrument.
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INTRAOCULAR CONTACT LENS AND METHOD OF IMPLANTATION

FIELD OF THE INVENTION

This invention relates to intraocular contact lens and methods of implanting
intraocular contact lens in the eye. Specifically this invention relates to contact lens
for surgical implantation in the human eye, and to methods of implanting an intraocular

contact lens in the human eye.

BACKGROUND OF THE INVENTION

Traditionally, contact lens were developed and marketed for use on the exterior
surface of the eye. The contact lens were initially all made from glass material,
however, glass has been substantially replaced with synthetic plastic materials,

particularly materials that minimize any reaction by the eye.

In 1989, the Russians disclosed a silicon intraocular contact lens. Figﬁre 26
shows an eye fitted with the Russian intraocular contact lens revealing its method of
attachment in the eye. Specifically, the mntraocular contact lens 200 includes a curved
lens body 202 in contact with the natural crystalline eye lens 204. In the center of the
curved lens body 202 extends a protrusion 206 defining an annular groove 208 with the
curved lens body 202. The protrusion 206 is fitted through the iris 210 so that the
inner circular edge 212 of the iris 210 is received within the annular groove 208.

In 1991, the Russians again disclosed a new silicon intraocular lens 300. Figure
27 shows a transverse cross-sectional view of the intraocular lens having a curved body
portion 302 with an annular protrusion 304. The annular protrusion 304 defines a
substantially sharp circular edge 306. This particular lens has experienced some
difficulties is use due to the substantially sharp circular edge 306 scraping against the
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inside surface of the iris repeatedly when the iris changes size causing pigment from the

ir1s to be scraped from the iris.

SUMMARY OF THE INVENTION

The present invention provides an improved intraocular contact lens.

The present invention provides an intraocular contact lens having an outer surface
curvature that minimizes wear or damage to the back surface of the 1irs.

The present invention also provides an intraocular contact lens with a smooth
transition between the lens body portion and lens portion on the outer surface of the
intraocular contact lens.

Still further, the present invention provides an intraocular contact lens having at
least one circular groove, in particular a circular groove, in the outer surface thereof.

The present invention also also provides an intraocular contact lens having a
through hole or passage between the posterior and anterior surface of the intraocular
contact lens 1n order to equalize the intraocular pressure.

These and other features of the present invention can be provided by various
concepts that improve the configuration and arrangement over prior art intraocular
contact lenses.

Accordingly, the present invention provides an intraocular contact lens for
implantation into an eye between the 1ris and the natural lens, comprising: a center lens
portion having a first curvature; a lens body portion extending from said center lens
portion, said lens body portion having a second curvature different from said first
curvature of said center lens portion; a transition lens portion connecting said center lens
portion to said lens body portion, said transition lens portion having predetermined

dimensions and configured to provide a smooth transition of curvature from said center

lens portion to said lens body portion such that there 1s minimum edge formation so as to
prevent damage or wear to a back of an ir1s of an eye, wherein said center lens portion,
transition lens portion, and said lens body portion define a continuous curved outer

surface having a smooth curvature transition between an outer surface of said center lens

portion and an outer surface of said lens body portion, and wherein the intraocular
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contact lens has a concave shaped surface to fit over an outer surface of a natural

crystalline lens of the eye and at least one groove provided in an outer surface of the lens.

The present invention also provides an intraocular contact lens for implantation
between the iris and the natural lens of an eye, comprising: a center lens portion having a
first curvature; a lens body portion extending from said center lens portion, said lens
body portion having a second curvature different from said first curvature of said center
lens portion; a transition lens portion connecting said center lens portion to said lens
body portion, said transition lens portion having predetermined dimensions and
configured to provide a smooth transition of curvature from said center lens portion to
said lens body portion such that there 1s a minimum edge formation so as to prevent
damage or wear to a back of an iris of an eye, wherein said center lens portion, transition
lens portion, and said lens body portion define a continuous curved outer surface having
a smooth curvature transition between an outer surface of said center lens portion and an
outer surface of said lens body portion, and wherein the intraocular contact lens has a
concave shaped surface to fit over an outer surface of a natural crystalline lens of the eye
and at least one passageway for equalizing the pressure between an anterior surface and a
posterior surface of the intraocular contact lens.

The intraocular contact lens according to the present invention 1s provided with
an outer radius of curvature between the lens body portion and the lens portion that
smoothly transitions therebetween. Specifically, there exists a transition 1n the outer
radius of curvature of the lens between the lens body portion and the center lens portion.
[t is important that the transition in the radius of curvature between these two portions or

zones is such that there 1s minimum edge formation so as to prevent damage or wear to

the back of the iris. A transition can be made that has a gradient of radius of curvature

within very small dimensions at the transition between the lens body portion and the
center lens portion so that the transition 1s smooth. Such an arrangement works well
within the eye and does not appear to damage or wear the back of the ir1s, and is a

significant improvement over the prior art intraocular contact lenses derived from Russia
that do cause damage and wear to the back of the 1r1s.

Another concept according to the present invention 1s to provide at least one
eroove in the anterior surface of the intraocular contact lens. The groove can be a single

groove or a pattern of grooves, and the groove(s) can be circular shaped, straight shaped,
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curve shaped, or combinations of shapes thereof. Further, the cross-sectional shape of the
groove can be one-half circle, square, V-shaped or other suitable cross-sectional shape.

The groove 1s preferably 1n the arrangement of a circular groove located in the
lens body portion and surrounding the lens body. This circular groove allows for good
circulation of eye fluid that facilitates lubrication between the intraocular contact lens
and the back of the ir1s. Other groove configurations can be utilized, however, the
circular configuration appears to work very well.

A further concept according to the present invention is to provide a passageway
in the 1ntraocular contact lens between the posterior and anterior surface of the
intraocular contact lens to equalize the intraocular pressure between the anterior surface
and posterior surface of the intraocular contact lens allowing for an equalization of
pressure between the anterior chamber and posterior chamber of the eye. The
passageway can be provided in a variety of different forms including grooves in the
anterior surface and posterior surface that connect together forming a continuous air
passageway, a hole or other type of air passageway through the thickness dimension of
the itraocular contact lens at one or more specific locations. For example, both the
antenior surface and posterior surface of the intraocular contact lens can be provided each
with a circular shaped groove and a single radial outwardly extending groove extending
from the circular groove to the edge of the intraocular lens with both radial outwardly
extending grooves meeting at the same peripheral position providing a continuous air
passageway connecting the circular shaped grooves. In another embodiment, preferably
one or more holes are provided near the perimeter of the intraocular contact lens. In a
further embodiment, more preferably, a hole 1s provided in the center of the intraocular

contact lens along the optical axis of the intraocular contact lens that provides the best
location for equalization of intraocular pressure, and does not effect the optics of the
intraocular contact lens.

An even further concept 1s to provide blind holes 1n the anterior surface of the
intraocular contact lens to be used 1n the process of lens insertion and positioning the

intraocular contact lens under the iris without touching the natural lens.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a positive intraocular contact lens according
to the present invention, as indicated in Figure 3.
Figure 2 1s a cross-sectional view of the intraocular lens in Figure 1, as indicated

in Figure 3.

Figure 3 is a top planar view of the positive intraocular lens as shown in

Figures 1 and 2.

Figure 4 is a cross-sectional view of another embodiment of a positive intraocular

contact lens according to the present invention, as indicated in Figure 6.
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Figure 5 is a cross-sectional view of the positive intraocular contact lens shown
in Figure 4, as indicated in Figure 6.

Figure 6 is a top planar view of the positive intraocular contact lens as shown
in Figures 5 and 6.

Figure 7 is a table of examples of positive intraocular contact lenses directed
to the two embodiments shown in Figures 1-6.

Figure 8 is a cross-sectional view of a negative intraocular contact lens
according to the present invention, as indicated in Figure 10.

Figure 9 is a cross-sectional view of the negative intraocular contact lens shown
in Figure 8, as indicated in Figure 10.

Figure 10 is a top planar view of the negative intraocular contact lens shown
in Figures 8 and 9.

Figure 11 is another embodiment of a negative intraocular contact lens
according to the present invention, as indicated in Figure 12.

Figure 12 is a cross-sectional view of the intraocular lens shown in Figure 11,
as indicated in Figure 13.

Figure 13 is a top planar view of the negative intraocular contact lens shown
in Figures 11 and 12.

Figure 14 is a table of examples of negative intraocular lenses directed to the
two embodiments shown in Figure 8-13.

Figure 15 is a top planar view of another embodiment of a positive intraocular
contact lens according to the present invention.

Figure 16 is a cross-sectional view of the positive intraocular contact lens, as
indicated Figure 15.

Figure 17 is a partial detailed cross-sectional view of a portion of the positive
intraocular lens shown in Figures 15 and 16, illustrating the detailed curvature thereof.

Figure 18 is a table indicating the detailed curvature as an example of the
embodiment of the positive intraocular lens shown in Figures 15-17.

Figure 19 is another embodiment of a negative intraocular contact lens

according to the present invention.



10

15

20

25

CA 02201936 2005-11-25

_6-

Figure 20 1s a top planar view of another negative intraocular contact lens
according to the present invention with a circular groove 1n the lens body portion thereof.

Figure 21 1s a cross-sectional view of the negative intraocular contact lens, as
indicated 1n Figure 20.

Figure 22 1s a top planar view of a preferred embodiment of an intraocular
contact lens according to the present invention provided with a through hole in the
optical center thereof.

Figure 23 1s a cross-sectional view of the intraocular contact lens, as indicated in
Figure 20.

Figure 24 1s a detailed view of the intraocular lens as indicated in Figure 23.

Figure 25 1s a cross-sectional view of an eye having an intraocular lens according
to the present invention implanted therein.

Figure 26 1s a cross-sectional view of the eye with a prior art intraocular contact
lens implanted therein.

Figure 27 1s a cross-sectional view of another embodiment of a prior art

intraocular contact lens.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

An embodiment of a positive intraocular contact lens according to the present
invention as shown in Figures 1-3.

The intraocular contact lens 10 1s defined by an oval-shaped lens body portion 12
defined by major axis diameter DM and minor axis diameter Dm, and radius R2, and a

circular shaped lens portion 14 having a diameter Do.

The lens portion 14 has a thickness Tc and the lens body portion 12 has an edge
thickness Te, as shown in Figure 1. Further, the lens portion 14 has a curvature SRfr, and
the lens body portion 12 has an outer curvature SRo and an inner curvature Sri.

Another embodiment of a positive intraocular contact lens according to the

present invention as shown in Figures 4-6.
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The mtraocular contact lens 20 is defined by an oval-shaped lens body portion
22 defined by major axis diameter DM and minor axis diameter Dm, and a radius R2,

and a circular shaped lens portion 24 having a diameter Do.

The lens pbrtion 24 has a thickness Tc and the lens body ﬁortion 22 has an edge
thickness Te, as shown in Figure 4. Further, the lens portion 24 has a curvature SRfr
and the lens body portion 22 has an outer curvature SRfr2 (SRo) and an inner curvature
St1.

Specific examples of the positive intraocular contact lens are given in the table
in Figure 7. In these examples, T = 0.05 + 0.02mm, Sro = 9.4 + 0.1, Sri = 9.8,
DM = 10.5 + 0.1mm, Dm = 6 + 0.3mm and R2 + 0.1.

An embodiment of a negative intraocular contact lens according to the present
invention as shown in Figures 8-10.

The intraocular contact lens 30 is defined by an oval-shaped lens body portion
32 defined by major axis diameter DM and minor axis diameter Dm, and having a
radius R2, and a circular shaped lens portion 34 having a diameter Do.

The lens portion 34 has a thickness Tc and the lens body portion 32 has an edge
thickness Te, as shown in Figure 8. Further, the lens portion 34 has a curvature SRfr
and the lens body portion 32 has an outer curvature SRo and an inner curvature Sri.

Another embodiment of a negative intraocular contact lens according to the
present invention as shown in Figures 11-13.

The intraocular contact lens 40 is defined by an oval-shaped lens body portion
42 defined by major axis diameter DM and minor axis diameter Dm, and having a
radius R2, and a circular shaped lens portion 44 having a diameter Do.

The lens portion 44 has a thickness Tc and the lens body portion 42 has an edge
thickness Te, as shown in Figure 11. Further, the lens portion 44 has a curvature SRfr
and the lens body portion 42 has an outer curvature SRfr2 (SRo) and an inner curvature
Srti.

Specific examples of the positive intraocular contact lens are given in the table
in Figure 14. In these examples, T = 0.05 + 0.02mm, Sro = 9.4 + 0.1, Sri = 9.8,
DM =105 + 0.1mm, Dm = 6 + 0.3mm and R2 + 0.1.
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A further embodiment of a positive intraocular contact lens 50 1s shown 1n
Figures 15-17.

The intraocular contact lens 50 1s defined by an oval-shaped lens body portion 52
defined by major axis diameter DM and minor axis diameter Dm, and radius R2, and a
circular shaped lens portion 54 having a diameter Do. The lens portion 54 has a thickness
Tc and the lens body portion 52 has an edge thickness Te, as shown in
Figure 16.

The detail curvature of the intraocular contact lens 1s shown in Figure 17. An
example of this particular lens is given 1n the table in Figure 18 with the designations
R1-R8 corresponding to Figure 17.

In the embodiments of the intraocular contact lens of the present invention, there
1s a smooth curvature transition lens portion between the center or circular shaped lens
portion and the generally oval shaped lens body portion. The smooth curvature
transition lens portion 1s defined by a gradient of varying outer surface curvature in a
relatively small distance. Preferably, the gradient of the smooth curvature transition
between the center lens portion and the lens body portion 1s within the range of 2 to 6
diopter 1n power.

A further embodiment of a negative intraocular contact lens 60 1s shown 1n
Figure 19. The advantage of this embodiment 1s that a small gap exists between the
intraocular contact lens center and the natural lens allowing for flow of body fluids, and
to minimize friction which could potentially cause mechanical damage and cataracts in
the eye.

An even further embodiment of a negative intraocular contact lens 70 1s shown in
Figure 20.

The intraocular contact lens 70 1s defined by an oval-shaped lens body portion 72
defined by major axis diameter DM and minor axis diameter Dm, and a circular shaped
lens portion 74 having a diameter Do. The lens portion 74 has a thickness Tc and the lens
body portion 72 has an edge thickness Te, as shown in Figure 21.

The important feature of this embodiment is the circular groove G provided in the
lens body portion 72 surrounding the lens portion 74. The circular groove G allows for
circulation of fluid 1inside the eye. Further, the groove G can be used for lens

manipulation during surgery, and facilitates the equalization of intraocular pressure.
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A preferred embodiment of an intraocular contact lens 80 having a lens body
portion 82 and lens portion 84, as shown in Figs. 22 and 23. In this embodiment, an air
passageway 86 (e.g. hole) is provided in the center optical axis of the lens portion 84 for

equalizing the pressure between the anterior surface 88 and posterior surface 90
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of the intraocular contact lens 80. This air passageway 86 allows for equalization of
pressure between the anterior chamber and posterior chamber of the eye. Otherwise,
a significant suction or negative pressure can occur on the anterior surface of the
intraocular contact lens sucking the back of the iris into contact therewith and causing
damage or wear to the iris.

The 1ntraocular contact lens 80 is provided with a pair of indents 92, as shown
in Figs. 22 to 24, for allowing the intraocular contact lens 80 to be manipulated under
the 1ris during the implantation operation. The indents 92 are significantly better than
through holes for purposes of manipulation, since the bottoms of the indents prevent
penetration of a manipulating tool through the lens and inadvertently into contact with
the natural lens that would cause an immediate cataract of the natural lens.

Figure 25 illustrates the manner in which an intraocular contact lens 100
according to the present invention is located in the eye.

The intraocular contact lens 100 is positioned over the natural crystalline lens
102 and underneath the iris 104. The intraocular contact lens 100 is located in the
posterior chamber 106.

As an alternative or in addition to providing an air passageway in the intraocular
contact lens between the anterior surface and posterior surface thereof, at least one
through hole 108 can be provided in the iris 104 providing a conduit between the
posterior chamber 106 and anterior chamber 110. The hole 108 allows for equalization
of the pressure between the posterior chamber 106 and the anterior chamber 110 so that
the iris 104 1s not continuously sucked into contact with the intraocular contact lens

potentially causing damage or wear to the back of the iris 104.
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The embodiments of the invention in which an exclusive property or privilege 1s claimed

are defined as follows:

1. An intraocular contact lens for implantation into an eye between the 1r1s
and the natural lens, comprising:

a center lens portion having a first curvature;

a lens body portion extending from said center lens portion, said lens body
portion having a second curvature different from said first curvature of said center lens
portion;

a transition lens portion connecting said center lens portion to said lens body
portion, said transition lens portion having predetermined dimensions and configured to
provide a smooth transition of curvature from said center lens portion to said lens body
portion such that there is minimum edge formation so as to prevent damage or wear to a
back of an ir1s of an eye,

wherein said center lens portion, transition lens portion, and said lens body
portion define a continuous curved outer surface having a smooth curvature transition
between an outer surface of said center lens portion and an outer surface of said lens
body portion, and

wherein the intraocular contact lens has a concave shaped surface to fit over an
outer surface of a natural crystalline lens of the eye and at least one groove provided 1n

an outer surface of the lens.

2. A lens according to claim 1, wherein said smooth curvature transition lens

portion is defined by a gradient of varying outer surface curvature in a relatively small

distance.

3. A lens according to claim 2, wherein the gradient of said smooth
curvature transition between said center lens portion and said lens body portion 1s within

the range of 2 to 6 diopter in power.
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4 A lens according to claim 1, 2 or 3, wherein said at least one groove 1s a
circular shaped groove.
. A lens according to claim 4, wherein said circular shaped groove 1s

located 1n said outer surface of said lens body portion.

6. A lens according to claim 1, 2 or 3, wherein said at least one groove 1s a

straight groove.

7. A lens according to claim 1, 2 or 3, wherein said at least one groove 1s a

curved shaped groove.

8. A lens according to any one of claims 1 to 7, including at least one
passageway for equalizing the pressure between an anterior surface and posterior surface

of the intraocular contact lens.

9. A lens according to claim 8, wherein said passageway 1s a hole through a

thickness dimension of the intraocular contact lens.

10. A lens according to claim 9, wherein said hole 1s located 1n a center of

said center lens portion.

11. A lens according to claim 9, wherein said hole 1s located in the center of

an optical axis of the intraocular contact lens.

12. A lens according to claim 1, 2 or 3, wherein said at least one groove 1s

disposed in an anterior surface of the lens to facilitate circulation of eye fluid.

13. A lens according to claim 12, wherein said at least one groove has a halt

circle cross-sectional shape.
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14. A lens according to claim 12, wherein said at least one groove 1s disposed

in an anterior surface of said lens body portion.

15. An intraocular contact lens for implantation between the 1ris and the
natural lens of an eye, comprising:

a center lens portion having a first curvature;

a lens body portion extending from said center lens portion, said lens body
portion having a second curvature different from said first curvature of said center lens
portion;

a transition lens portion connecting said center lens portion to said lens body
portion, said transition lens portion having predetermined dimensions and configured to
provide a smooth transition of curvature from said center lens portion to said lens body
portion such that there is a minimum edge formation so as to prevent damage or wear to
a back of an 1r1s of an eye,

wherein said center lens portion, transition lens portion, and said lens body
portion define a continuous curved outer surface having a smooth curvature transition
between an outer surface of said center lens portion and an outer surface of said lens
body portion, and

wherein the intraocular contact lens has a concave shaped surface to fit over an
outer surface of a natural crystalline lens of the eye and at least one passageway for
equalizing the pressure between an anterior surface and a posterior surface of the

intraocular contact lens.

16. A lens according to claim 15, wherein said smooth curvature transition

lens portion is defined by a gradient of varying outer surface curvature in a relatively

small distance.

17. A lens according to claim 16, wherein the gradient of said smooth

curvature transition between said center lens portion and said lens body portion 1s within

the range of 2 to 6 diopter 1n power.
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18. A lens according to claim 15, 16 or 17, including at least one groove

provided 1n an outer surface of the lens.

19. A lens according to claim 18, wherein said at least one groove 1s a circular

shaped groove.

20. A lens according to claim 19, wherein said circular shaped groove 1s

located 1n said outer surface of said lens body portion.

21. A lens according to claim 18, wherein said at least one groove 1s a straight

gTOOVE.

22.  Alens according to claim 18, wherein said at least one groove 1s a curved

shaped groove.

23. A lens according to any one of claims 15 to 22, wherein said passageway

is a hole through a thickness dimension of the intraocular contact lens.

24, A lens according to claim 23, wherein said hole 1s located 1n a center of

said center lens portion.

25. A lens according to claim 23, wherein said hole 1s located 1n the center of

an optical axis of the intraocular contact lens.

26. A lens according to claim 18, wherein the at least one groove 1s disposed

In an anterior outer surface of the lens.

27. A lens according to claim 26, wherein the at least one groove has a half

circle cross-sectional shape.

28.  Use of the lens of any one of claims 1 to 27 in the eye between the 111s

and the natural lens.
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