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AUTOMATED INTRAOCULAR LENS INJECTOR DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application Serial No.
61/151,712, filed February 11, 2009.

TECHNICAL FIELD

The present invention relates generally to devices and techniques for
delivering an intraocular lens (IOL) into an eye and more particularly to cartridges
used for shipping and for injection of the |OLs.

BACKGROUND

The human eye functions to provide vision by transmitting light through a
clear outer portion called the cornea, and focusing the image by way of a crystalline
lens onto a retina. The quality of the focused image depends on many factors
including the size and shape of the eye, and the transparency of the cornea and the
lens. When age or disease causes the lens to become less transparent, vision
deteriorates because of the diminished light which can be transmitted to the retina.
This deficiency in the lens of the eye is medically known as a cataract. An accepted
treatment for this condition is surgical removal of the lens and replacement of the
lens function by an artificial intraocular lens (I0L).

In the United States, the majority of cataractous lenses are removed by a
surgical technique called phacoemulsification. During this procedure, an opening is
made in the anterior capsule and a thin phacoemulsification cutting tip is inserted into
the diseased lens and vibrated ultrasonically. The vibrating cutting tip liquefies or
emulsifies the lens so that the lens may be aspirated out of the eye. The diseased
lens, once removed, is then replaced by the IOL.

The IOL is injected into the eye through the same small incision used to
remove the diseased lens. An insertion cartridge of an 10L injector is loaded with the
IOL, the tip of the insertion cartridge is inserted into the incision, and the lens is
delivered into the eye.
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Many IOLs manufactured today are made from a polymer with specific
characteristics. These characteristics allow the lens to be folded for insertion through
a very small incision; the lens unfolds into its proper shape after delivery into the eye.
Injector cartridges that fold the lens and provide a relatively small diameter lumen
through which the lens may be pushed into the eye, usually by a soft tip plunger, are
commonly used. Some of these cartridges are described in U.S. Patent No.
5,947,976, issued September 7, 1999 to Van Noy et al, and in U.S. Patent No.
6,537,283, issued March 25, 2003 to Van Noy; the entire contents of each of these
patents is incorporated herein by reference. Other cartridges and injector devices
are illustrated in U.S. Patent No. 4,681,102 (Bartell), U.S. Patent Nos. 5,494,484 and
5,499,987 (Feingold), U.S. Patent Nos. 5,616,148 and 5,620,450 (Eagles, et al.),
U.S. Patent No. 5,275,604 (Rheinish, et al.), and U.S. Patent No. 5,653,715 (Reich,
et al.} the entire contents of each of these documents are also incorporated herein by
reference to provide context and technical background for the disclosure that follows.
Notwithstanding the various designs disclosed in these references, improvements in
IOL injector cartridges and I0L injection techniques are still needed.
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SUMMARY

An intraocular lens injector cartridge assembly containing a pre-loaded lens
and an integral lens-contacting plunger rod is disclosed. The cartridge assembly is
configured for removably mating with an injector handpiece, and is thus suitable for
use with either manual or automated injector systems. An exemplary embodiment of
an intraocular lens injector cartridge assembly includes a tubular body having a
longitudinal bore extending between a distal end and a proximal end, an intraocular
lens disposed within said longitudinal bore, and a lens-contacting plunger rod
retained substantially within said bore, between the intraocular lens and the proximal
end of the tubular body. The lens-contacting plunger rod is configured for translation
along the longitudinal bore upon engagement by an injector rod introduced by the
injector handpiece into the proximal end of the tubular body, so that the intraocular
lens is folded and ejected from the distal end of the tubular body by the transiation of
the lens-contacting plunger rod. In some embodiments, the cartridge assembly
comprises a plunger guide disposed within the longitudinal bore and at least partially
surrounding the circumference of the lens-contacting plunger rod.

Various embodiments of the cartridge assembly may further include one or
more grips protruding from the tubular body, for engagement with the injector
handpiece. In some embodiments, the tubular body comprises an opening disposed
on a first face of the tubular body for installing at least one of the intraocular lens and
the lens-contacting plunger rod, and a cover installed over said opening. The cover
is connected to the tubular body by a hinge at one end of the cover, in some of these
embodiments; in these and other embodiments the tubular body may comprise one
or more retaining features proximate to the opening, so that the cover can be
configured to snap fit into the one or more retaining features.

Of course, those skilled in the art will appreciate that the present invention is
not limited to .the above features, advantages, contexts or examples, and will
recognize additional features and advantages upon reading the following detailed
description and upon viewing the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plan view of an exemplary disposable, pre-loaded, intraocular
lens injector cartridge assembly.

5
Figure 2 is an elevation view of the cartridge assembly of Figure 1.
Figure 3 is a cross-sectional view of the cartridge assembly of Figure 1.
10 Figures 4A and 4B illustrate another exemplary 10L injector cartridge
assembly.
Figures 5A and 5B illustrate the delivery of a lens from the injector cartridge
according to some embodiments of the invention.
15
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DETAILED DESCRIPTION

Many conventional intraocular lens (IOL) injector cartridges, including several
of those described in the U.S. patents discussed above, are manually loaded with an
IOL shortly before the injection procedure, and attached to an injector handpiece.
The handpiece, which may be manually or electrically powered, includes a lens
contacting plunger that is forced into and through the injector cartridge, folding the
lens and ejecting the lens into the eye from the tip, or “distal” end, of the injector
cartridge. In addition to the inconvenience and potential complications associated
with loading the IOL, those skilled in the art will appreciate that another concern with
these systems is that the lens contacting plunger must be carefully cleaned before
reuse, to avoid contamination of the IOL.

Embodiments of the present invention include an intraocular lens injector
cartridge assembly configured for removably mating with an injector handpiece. The
cartridge assembly is pre-loaded with an intraocular lens, and has the flexibility to be
attached to a manual or automated injector. The cartridge assembly includes a lens-
contacting plunger rod built into the cartridge, so that a moveable rod from the
handheld-injector device engages the lens-contacting plunger rod, which in turn
advances and ejects the lens. Because the cartridge and lens contacting plunger are
provided as a single, disposable unit, and because the rod of the re-usable injector
device never makes contact with the IOL, the likelihood of contamination is reduced
over that which might occur with reusable lens-contacting plungers.

As seen in the exemplary embodiment pictured in Figures 1-3, a disposable,
pre-loaded, intraocular lens injector cartridge 10 includes a tubular body 11 with a
longitudinal bore 18 therein. An intraocular lens 20 is pre-installed so that it is
disposed within the longitudinal bore 18, along with a lens-contacting plunger 30.
The lens-contacting plunger 30 is retained at least substantially within the longitudinal
bore 18, between the intraocular lens and the proximal end 16 of the cartridge 10,
and may include, in some embodiments, a socket 32 for mating with an injector rod
40 of the injector handpiece (not shown). When engaged by injector rod 40, which is
introduced by the injector handpiece into the proximal end 16 of the cartridge, lens-
contacting plunger 30 translates along the longitudinal bore 18, folding the intraocular
lens 20 as it passes through the tapering portion 12 of the cartridge, and ejecting
intraocular lens 20 into a patient’s eye from the distal end 15 of the cartridge. As
seen in Figure 3, the interior of the tubular body 11 may include a plunger guide
feature 35 (which may be integrally formed with the tubular body, in some
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embodiments, or a separately installed feature in others) to keep the lens-contacting
plunger rod 30 properly oriented; the plunger guide feature 35 may also serve to
retain the lens-contacting plunger rod 30 within the cartridge 10, such as by
“‘trapping” the innermost end of the plunger rod 30 within the cartridge 10, or simply
by providing sufficient friction to keep the plunger rod 30 from easily falling out of the
cartridge 10.

The tubular body 11 is generally formed from any material suitable for use in
eye surgery, and in some embodiments may be molded, in one or several pieces,
from a suitable thermoplastic such as polypropylene. In some embodiments, the
thermoplastic may contain a lubricity-enhancing agent such as those disclosed in
U.S. Pat. No. 5,716,364. Nozzle 14 may be rounded, oval or elliptical in cross-
section, in various embodiments, and may have a cross-sectional area as small as
about one square millimeter at distal tip 15, so that the distal tip 15 may be inserted
into a very small incision in the eye. In the embodiment shown in Figures 1-3,
cartridge 10 includes a pair of grips 17 protruding from the tubular body 11; these
grips allow easier manipulation of cartridge 10 and provide a mechanism for
engaging the injector handpiece so that the cartridge 10 may be locked into place.
Those skilled in the art will appreciate that narrowing injector portion 11 may be
specially shaped to fold the intraocular lens 20 as it is pushed along the longitudinal
bore 18 by lens-contacting plunger rod 30. A variety of suitable designs for the
injector portion 11 are possible, including but not limited to those illustrated in U.S.
Patent No. 5,947,976 (Van Noy ef al.) and U.S. Patent No. 6,143,001 (Brown et al.);
the entire contents of both of these patent documents are incorporated herein by
reference.

As noted above, the tubular body 11 of the pre-loaded cartridge 10 may be
formed in a single piece, in some embodiments. In such embodiments, the
intraocular lens 20 and lens-contacting plunger rod 30 may be pre-installed in the
cartridge 10, from the cartridge’s proximal end 16, by the cartridge’s manufacturer
prior to shipping the device. However, other embodiments, such as the embodiment
of cartridge 10 pictured in Figures 4A and 4B, may include an opening 42 disposed
on one face of the cartridge body 11, so that the intraocular lens 20 and lens-
contacting plunger rod 30 may be more easily installed. After these components are
installed, the opening 42 may be closed by installing a cover 44 over the opening 42.
In some embodiments, the cover 44 and tubular body 42 may be formed so that the
cover 44 snaps into place; the cover 44 may form a hinged connection to the tubular
body 11 at one end, in some embodiments. In other embodiments the cover 44 may
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be glued or otherwise fused into place after the lens-contacting plunger rod 30 and/or
intraocular lens 20 are installed.

Figures 5A and 5B iliustrate the basic operation of some embodiments of the
present operation. In Figure 5A, an injector rod 40 has been introduced by the
injector handpiece into the proximal end 16 of the tubular body 11, so that it has
mated with the socket 32 of the lens-contacting plunger rod 30. Further movement of
the injector rod 40 causes the lens-contacting plunger rod 30 to engage the
intraocular lens 20, which in some embodiments may be pre-installed in a slightly
pre-folded condition. In any case, additional folding occurs as lens 20 travels through
the tapering portion 12 of the cartridge body, through the nozzle 14. Finally, the
intraocular lens 20 is expressed into the eye from the distal tip 15 of nozzle 14, as
shown in Figure 5B, where it unfolds into its natural shape.

Although details of the handpiece are not necessary for a full understanding
of the present invention and are therefore not discussed in detail herein, those skilled
in the art will appreciate that the cartridge assemblies described above are suitable
for use with handpieces that include a manually activated injector rod, or with
handpieces that include an electrically driven injector rod.  Thus, IOL injector
cartridge assemblies designed according to the concepts disclosed herein may, in
some embodiments, be compatible with both sorts of handpiece. Those skilled in the
art will appreciate that a further advantage of providing the cartridge, lens, and lens-
contacting plunger as a single unit is the ability to dispose of the plunger after a
single use, thereby reducing the likelihood of contamination that might be seen on
reusable lens plungers.

The preceding description of various embodiments of an intraocular lens
injection cartridge assembly and methods for using such a device was given for
purposes of illustration and example. Those skilled in the art will appreciate, of
course, that the present invention may be carried out in other ways than those
specifically set forth herein without departing from essential characteristics of the
invention. The present embodiments are thus to be considered in all respects as
ilustrative and not restrictive, and all changes coming within the meaning and
equivalency range of the appended claims are intended to be embraced therein.
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CLAIMS

What is claimed is:

1. An intraocular lens injector cartridge assembly configured for removably
mating with an injector handpiece, the cartridge assembly comprising:

a tubular body having a longitudinal bore extending between a distal end and
a proximal end;

an intraocular lens disposed within said longitudinal bore; and

a lens-contacting plunger rod retained substantially within said bore, between
the intraocular lens and the proximal end of the tubular body, and configured for
translation along the longitudinal bore upon engagement by an injector rod
introduced by the injector handpiece into the proximal end of the tubular body, so that
the intraocular lens is folded and ejected from the distal end of the tubular body by
the translation of the lens-contacting plunger rod.

2. The cartridge assembly of claim 1, further comprising one or more grips
protruding from the tubular body, for engagement with the injector handpiece.

3. The cartridge assembly of claim 1, wherein the tubular body comprises an
opening disposed on a first face of the tubular body for installing at least one of the
intraocular lens and the lens-contacting plunger rod, and a cover installed over said
opening.

4. The cartridge assembly of claim 3, wherein the cover is connected to the
tubular body by a hinge at one end of the cover.

5. The cartridge assembly of claim 3, wherein the tubular body comprises
one or more retaining features proximate to the opening, and wherein the cover is
configured to snap fit into the one or more retaining features.

6. The cartridge assembly of claim 1, further comprising a plunger guide
disposed within the longitudinal bore and at least partially surrounding the
circumference of the lens-contacting plunger rod.



