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AND METHOD FOR MAKING AND USING SAME
===t s U AARING AND USING SAME

Related Applications

This is a continuation-in-part of application Serial
No. 09/236,541, filed January 25, 1999, which in turn is
a divisional of application Serial No. 08/903,282, filed
July 30, 1997, which in turn 1s a divisional of
Application Serial No. 08/676,699, filed July 10, 199s,
now U.S. Patent No. 5,716,364. The disclosures of each of
these applications and the patent are incorporated in

thelr entireties herein by reference.

Background of the Invention

The present invention relates to apparatus for
inserting an intraocular lens through a small incision
into an eye, to methods for making such apparatus and to
methods for inserting an intraocular lens into an evye.
More particularly, the invention relates to an apparatus
which has enhanced lubricity and is useful for inserting
a foldable intraocular lens into an eye, to methods for
ma<ing such apparatus and to methods using such apparatus
to insert a foldable intraocular lens into an eye.

An 1ntraocular lens (IOL) is implanted in the eye,
for example, as a replacement for the natural crystalline
lens after cataract Surgery or to alter the optical
properties of (provide vision correction to) an eye in
which the natural lens remains. IOLs often include an
optic, and preferably at least one flexible fixation
member or haptic which extends from the optic and becomes
affixed in the eye to secure the lens in position. The
optic normally includes an optically clear lens.
Implantation of such IOLs into the eye 1lnvolves making an

lncision in the eye. It is advantageous, to reduce trauma
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and speed healing, to have an incision size as small as
possible.

I0Ls are known which are foldable (deformable) so
that the IOL can be inserted through a smaller incision
lnto the eye. A substantial number of instruments have
been proposed to aid in inserting such a foldable lens in
the eye.

Many of the prior art IOL insertion systems load
and/or fold the lens at the distal end, that is at the end
closest to the eye or the end inserted into the eye. Such
"distal loading" systems often disadvantageously include
a space consuming loading component at or near the distal
end of the system which causes the distal end to be
relatively large. This relatively large distal end makes
inserting the IOL through a small incision more difficult,
if not impossible. Systems which fold and load the IOL
proximally of the distal end provide certain advantages,
such as reduced stress on the IOL and/or inserter,
relative to "distal loading" systems.

However, whether using a distal loading or proximal
loading system, one factor which limits the size of the
lnserter tube involves the inserter tube itself. For
example, the material from which the inserter tube 1is
made, for example, polypropylene and the like polymeric
materials, may not be compatible or otherwise susceptible
Lo causing optics, for example, made from silicone
polymeric materials, to pass through relatively small
hollow spaces. For example, the 1injector tubes may be
made of materials, in particular polymeric materials,
which have insufficient lubricity to facilitate the
passage of a folded IOL through the tube.

As a result of this lack of lubricity, the hollow
space of the injector tube must be made relatively larger
Lo accommodate the folded intraocular lens. This 1s

detriment since, as noted above, it is advantageous to
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have the smallest possible incision for insertion of the
10L. In addition, if one were to use a small diameter
tube to pass the IOL, excessive force might be needed to
pass the IOL through the small hollow space thereby
increasing the risks of damaging the IOL and, in extreme
cases, even damaging the eye into which the IOL is placed.

One approach that may be considered is to use a
lubricity agent, for example, such as conventional V1isco-
elastic agents, in the hollow space of the tube to
facilitate passing the IOL through the insertion
apparatus. However, such 1lubricity agents in and of
themselves occupy valuable space, thereby at least
partially defeating the purpose of using such agents.
Also, such lubricity agents often end up 1n the eve,
thereby creating the risk of causing trauma and/or
lrritation and/or damage to the eye .

It would be advantageous to provide straightforward
IOL 1insertion apparatus and methods for using same which
facilitate the passage of folded 1IOLs through the
apparatus 1in a controlled manner without using excessive

force.

Summary of the Invention

New apparatus for injecting IOLs and methods for
making and using such apparatus have been discovered. The
present apparatus achieve enhanced lubricity, thus
providing for the use of effective, reliable and non-
excessive amounts of force to inject a folded IOL into an
eye. The present IOL inserter production methods provide
inserters which have very effective and reliable lubricity
properties. The present invention is easy to practice.
The methods of use included in the present invention often
involve surgical technigues which are well practiced and

conventicnally used to insert IOLs into eyes. The
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lubricity enhancing components used in accordance with the
present invention are chosen to reduce detrimental effects
which may occur in inserting 1IOLs into eyes. In
particular, the 1lubricity enhancing components are
selected to be soluble in the eye's agqueous medium in the
event the components are included in the eye during IOL
1nsertion.

In general, the present invention involves apparatus
for inserting IOLs into an eye which include a lubricity
enhancing component physically secured to the apparatus
and concentrated at or near the interior wall or walls of
the apparatus, for example, at or near the interior wall
OL the apparatus defining a hollow space through which an
IOL 1s passed. The lubricity enhancing component is
selected from water soluble components and mixtures
thereof. It has been found that the inclusion of such a
physically secured or bonded water soluble lubricity
enhancing component is effective to facilitate the passage
of the IOL through the apparatus. Physically securing or
bonding such lubricity enhancing components in or on the
apparatus 1s particularly effective since the amount of
such component present, and the degree of enhanced
lubricity obtained, is conveniently controlled and stable
on a long term basis, for example, the apparatus has a
relatively long shelf life before use. Preferably, a
reduced amount of the physically secured or bonded
lubricity enhancing component passes into the eye during
use of the present apparatus relative to a similar or
substantially identical apparatus on which the lubricity
enhancing component is not bonded or secured to the
apparatus.

Such water soluble lubricity enhancing components are
advantagéous, for example, since they are readily
solubilized or dissolved in the eye's agueous medium and,

consequently, are rapidly dissipated. Thus, 1f some
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amount of the lubricity enhancing component is passed to
the eye during the procedure to insert the IOL in the eye,
the component is relatively rapidly removed from the eye,
for example, by natural processes in the eye. This is in
5 contrast to a lubricity enhancing component which is not
water soluble and is not readily removed from the eye.
The presence in the eye of such lubricity enhancing
components can detrimentally affect the patient's vision.
In one embodiment, the presently useful water soluble
10 lubricity enhancing components are selected from
hydrophilic compeonents, surfactant components and mixtures
thereof. The lubricity enhancing component may be chosen
Lo nave, 1n an aqueous solution, an index of refraction
substantially similar to the optic of the IOL being
15 lnserted or the aqueous medium, that is the agueous humor,
in the eye into which the IOL is inserted. Lubricity
enhancing components with such substantially similar
indexes of refraction, if they are present 1n the eye,
have a reduced, or even substantially no, risk of

20 lmpairing the vision of the patient.
In one embodiment, the present apparatus include an
interior wall which is a plasma-exposed interior wall.
This plasma-exposed interior wall preferably has an
enhanced ability to physically secure or bond the
25 lubricity enhancing component relative to a substantially
ldentical interior wall which is not plasma-exposed. In
one useful embodiment, the plasma-exposed interior wall
facilitates forming the lubricity enhancing component
concentrated at or near the interior wall of the hollow
30 tube. Alternately, the interior wall is not exposed to

plasma.
In general, the present methods for producing IOL

insertion apparatus comprise exposing a hollow tube
including a material and having an interior wall defining
35 a2 hollow space through which an IOL is passed and an
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outlet though which the IOL is passed from the hollow
space 1nto an eye to an effective plasma, and providing an
effective amount of a water soluble lubricity enhancing
component at or near the interior surface. It has been
found that the combination of the exposing step and the
providing step is effective to facilitate the passage of
the IOL through the hollow space.

The use of the present IOL insertion apparatus allows
successful injection of silicone-based IOLs, for example,
employing inserters made of polypropylene and the like
polymeric materials, through incisions of about 3.5 mm or
about 3.2 mm or less, préferably'aboutZBJJHMIOr'less, and
still more preferably about 2.8 mm or less.

In one broad aspect of the present invention,
apparatus for inserting IOLs through small incisions into
eyes are provided. Such apparatus comprise a hollow tube
including (or made of) a material, preferably a polymeric
material, and having an interior wall defining a hollow
space through which an IQOL is passed and an outlet,
preferably a distal end opening, through which the IOL is
passed from the hollow space into an eye. A water soluble
lubricity enhancing component, for example, as described
elsewhere herein, other than the material, is physically
secured or bonded to the hollow tube and concentrated at
Or near the interior wall. The hollow tube, and in
particular the interior wall, is preferably exposed to a
plasma, more preferably a sub-atmospheric pressure oxygen-
containing plasma. The combination of the lubricity
enhancing component and exposing the interior wall of the
hollow tube to plasma preferably is effective to
facilitate the passage of the IOL through the hollow
space. The lubricity enhancing component preferably is
present in a minor amount, more preferably in the range of
about 0.1% to about 1% or about 10% or about 20%, of the

total weight of the hollow tube. The lubricity enhancing
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component 1s physically secured, for example, physically
ponded, admixed or combined, to the other material making
up the hollow tube using methods known in the art, such as
by blending or mixing the lubricity enhancing component
and other material prior to forming the hollow tube and/or
forming a coating of lubricity enhancing components on the
already formed hollow tube.

By "physically" securing or bonding is meant a non-
covalent chemical bonding joining or coupling, and

preferably a non-chemical bonding, joining or coupling.

Some 1nteraction, for example, ionic and/or electrical
lnteractions may occur between the lubricity enhancing
component and the other material or materials making up
the hollow tube. However, the present "physical" securing
Or pbonding 1is clearly distinguished from torming covalent
chemical bonds between the lubricity enhancing component
and the other material or materials making up the hollow
tube. The prior art has suggested providing covalent
chemically bonded lubricants to avoid losing the lubricant
during use. It has now been found that physically secured
Or bonded lubricity enhancing components have a reduced
tendency to be lost (from the IOL inserter) during use of
the present IOL inserters. Thus, physically securing or

pbonding the lubricity enhancing component to the hollow

covalent chemical bonding of the lubricity enhancing
component 1s the other material of the hollow tube.

In a particularly useful embodiment, the lubricity
enhancing component is effective to reduce the force
needed to pass the IOL through the hollow space of the
tube relative to the force needed to pass an identical IOL
through the hollow space of a similar apparatus without
the lubricity enhancing component. This "reduced force"
feature of the present invention is particularly useful,

even when no reduction in the size of the incision 1is
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obtained. The use of reduced force allows the surgeon to
have more control of the rate at which the IOL is inserted
into the eye and, in addition, reduces the risk of damage

to the eye during IOL insertion.

5 The material from which the hollow tube preferably is
made 1s a polymeric material, for example, a hydrophobic
polymeric material, more  preferably selected from

polyolefins, such as polypropylene and the like materials.
In one useful embodiment, the present apparatus

10 further comprises a loading portion including a material

and having an internal wall defining a chamber sized and
adapted to receive an IOL for passage into the hollow
space. A Ifurther water soluble 1lubricity enhancing
component, preferably another amount of the same water
15 soluble lubricity enhancing component employed in the
nollow tube, preferably is physically secured to the
loading portion and concentrated at or near the internal
wall of the loading portion. This further lubricity
enhancing component is effective to facilitate the passage
20 of an IOL into the hollow space. The internal wall of the
loading portion preferably is exposed to a further plasma,
preferably the same plasma used with the hollow tube. In
one embodiment, the combination of the further lubricity
enhancing component and the further plasma is effective to
25 further facilitate the passage of the IOL into the hollow
space. Both the interior wall of the hollow tube and the
internal wall of the loading portion preferably include
effective amounts of the lubricity enhancing component and

are exposed to plasma to facilitate passage of the IOL

30 from the loading portion into the hollow tube and from the
hollow tube into the eye. 1In addition, it is often more
convenient to treat both the hollow tube and loading
portion, which together preferably are a single,

integrally formed wunit, with the lubricity enhancing
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component and plasma, rather than treating only the hollow
tube.

The loading portion preferably is sized and adapted
to receive an IOL, for example, in an unfolded state, and
to hold the IOL in a folded state. The loading portion
can be structured to at least facilitate the folding of
the IOL from the unfolded state to a folded state. The
hollow tube includes an interior wall which defines a
hollow space preferably sized to receive the IOL in a
folded state from the loading portion and to pass the
folded IOL to an open outlet through which the IOL 1is
passed 1nto an eve.

Metnods for producing apparatus for inserting an IOL
through a small incision in the eye are provided and are
included within the scope of the present invention. These
methods have, 1in general, been discussed above, and
comprise exposing a hollow tube to plasma and providing an
effective amount of a water soluble lubricity enhancing
component physically secured to said hollow tube and
concentrated at or near the interior wall of the hollow
tube. More specifically, the plasma employed is
preferably a sub-atmospheric pressure plasma, more
preferably a sub-atmospheric pressure, oxXygen-containing
plasma, although other plasmas are suitable.

As used herein, the term "concentrated" means that
the lubricity enhancing component is located in a higher
concentration at or near one or more portions, for
example, the surfaces, of an article than at one or more
other portions, for example, the interior, of the article.
This includes the situation in which the lubricity
enhancing component 1is located as a coating on the
interior surface of the hollow tube and is not present in
the hollow tube itself. Also included is a situation in
which the hollow tube includes a concentration of

lubricity enhancing component throughout with a locally
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higher concentration present at or near the interior
surface of the hollow tube.

In one embodiment, the lubricity enhancing component
1s physically secured or bonded to the hollow tube prior
to the exposing step. In a particularly useful
empodiment, the providing step includes subjecting the
hollow tube having an amount of lubricity enhancing
component spaced apart from the interior wall to
conditions effective to cause this amount of lubricity
enhancing component to form at least a portion of the

effective amount of the lubricity enhancing component at

Or near the interior wall. For example, the hollow tube
can pe subjected to elevated temperatures for substantial
periods of time, such as on the order of about § hours or
about 12 hours to about 100 hours or more, to cause the
lubricity enhancing component to move toward the surface.
This "blooming" action is very effective 1n providing the
desired  amount of lubricity  enhancing component

concentrated at or near the interior wall of the hollow
tube.

In addition, the loading portion can be formed by
comparable exposing and providing steps.

Methods for inserting an IOL into an eye are also
provided and are included within the scope of the present
invention. In one embodiment, such methods comprise
placing an outlet or distal end opening of the hollow tube
of the present apparatus in or in proximity to an incision

1n an eye, and passing an IOL from the hollow tube through

the outlet or opening into the eve.
These and other aspects of the present invention will

become apparent in the following detailed description and

claims, particularly when considered in conjunction with
the accompanying drawings in which like parts bear like

reference numerals.



10

15

20

25

30

WO 01/10352

CA 02378604 2002-02-05
PCT/US00/21286

11

Brief Description of the Drawings

Fig. 1 is a front side view, in perspective, of an

apparatus 1n accordance with the present invention with

the load chamber in the open position.

Fig. 2 is a fragmentary, schematic illustration of a

small portion of the apparatus shown in Fig. 1.
Fig. 2A is a fragmentary, schematic illustration of

a small portion of a modified embodiment of the apparatus

shown in Fig. 1 which includes a coating.
Fig. 3 1s a side view, 1in perspective, of the

apparatus shown 1in Fig. 2 with the load chamber in the

closed position.
Fig. 4 is a front side view, in perspective, of the

apparatus shown 1in Fig. 3 locaded into a hand piece.

Fig. 5 1s a side view, partly in cross-section, taken

generally along line 5-5 of Fig. 4.
Fig. 6 is a somewhat schematic illustration showing

the apparatus shown in Fig. 4, with the hand piece

partilally 1in cross-section, being used to insert an IOL

into an eye.

Detailed Description of the Drawings

Fig. 1 illustrates an IOL inserter, shown generally
at 10, including a load chamber 12 and an injection tube
14. The IOL inserter 10 is made of polypropylene to which
has been physically added an amount, for example, in the
range of about 0.1% to about 5% by weight of the inserter,
of a water soluble lubricity enhancing component, for
example, a hydrophilic component, such as

polyvinylpyrrolidone or hydroxypropylmethyl cellulose
(HPMC) , or a nonionic surfactant component, for example,

a polyoxyethylene-polyoxypropylene block copolymer sold by
BASF Corporation under the trademark Pluronic.
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The water soluble lubricity enhancing component is
physically admixed with the other material from which the
inserter 10 is made, preferably prior to forming the
inserter. In a particularly useful embodiment, the
lubricity enhancing component is combined with the other
material, for example, a polymeric material, such as
polypropylene, while the material is in the molten or
fluid state. The lubricity enhancing component can be
plended in this material so that it is substantially
uniformly distributed throughout the material. The
material 1s then placed in a mold or similar device
sultable for forming the inserter 10. After the inserter
10 1s fcrmed, the lubricity enhancing component remalins
substantially uniformly distributed throughout the
inserter.

Onnce the inserter 10 is formed, it is processed to
provide enhance lubricity. The inserter 10 is exposed to
an effective plasma. For example, the inserter 10 can be
placed in a chamber containing a plasma. The plasma may
have 1ts origin for any of a variety of materials,
preferably gases, in particular gases such as oxygen,
helium, nitrogen, argon and mixtures thereof. More
preferably an oxygen-containing plasma is used.

In accordance with one embodiment of the present
invention, radio frequency, inductively-coupled plasma is
produced in a plasma chamber by charging the chamber with
gas, e€e.g., oxygen, preferably at a sub-atmospheric
pressure such as about 0.01 torr (mm Hg) or greater, more
preferably at a pressure in the range of about 0.01 torr
to about 0.3 torr or about 0.5 torr or about 1.0 forr.
The preferred output power is in the range of about 10
watts to about 600 watts.

The inserter 10 is preferably exposed to the plasma
for a period of time in the range of about 15 seconds to

about 120 minutes or about 240 minutes and more preferably
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about 30 seconds to about 100 minutes or about 200
minutes. However, the specific gas, exposure time, power
and/or other parameters may be varied depending upon the
equipment and the particular inserter and inserter
components involved, and can be readily optimized based on
the disclosure herein using routine experimentation.

Although the present invention is not limited to any
particular mechanism, and without limiting the present
lnvention to any particular theory of operation, the
present methodology is believed to cause a modification or
alteration, for example, a physical and/or chemical
modificatlion or alteration, of the exposed regions of the
inserter, which, in turn, results in enhanced lubricity.

In addition, inserter 10 is subijected to conditions
effective to form an interior wall on or near which is
present a higher concentration of lubricity enhancing
component relative to the lubricity enhancing component
concentration present in the interior of the inserter. A
particularly useful embodiment involves subjecting the
lnserter to an elevated temperature for a time effective
Lo cause the lubricity enhancing component to migrate
toward the surfaces, for example, the interior surface, of
the 1inserter. A common name for this phenomenon 1is
'"blooming". Preferably, the inserter 10 is subjected to
elevated temperatures of at least about 35°C, more
preferably in the range of about 40°C or about 45°C to
about 100°C or about 120°C, for a time in the range of
about 6 hours to about 150 hours and more preferably in
the range of about 8 hours to about 120 hours.

Again, without wishing to limit the invention to any
particular theory of operation, it is believed that this
"blooming" step <causes a portion of the lubricity
enhancing component present in the inserter 10 to be
located at or near the interior surface of the inserter.

However, it 1s also believed that this lubricity enhancing
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component at or near the interior surface of the inserter
1s 'physically, rather than covalent chemically, secured or

bound to the inserter. However, 1t has been found that

poth the "blooming" step and the plasma exposing step, in
combination, are very advantageous to provide enhanced
lupricity to the inserter. In other words, an inserter
which has only been subjected to the "blooming" step or
which has only been subjected to the plasma exposing step
provides substantially less advantageous results than if
the i1nserter is subjected to both the "blooming" step and
the plasma exposing step.

Alternately, the inserter 10 can be formed and then
Created with a lubricity enhancing component, preferably
selected from oleophilic components, hydrophilic
components and mixtures thereof. For example, the
inserter 10 can be immersed in or spraved with a lubricity
enhancing component or a medium, such as an agqueous
medium, including a lubricity enhancing component one or
more times so as to provide a surface coating, preferably
a substantially uniform surface coating of the lubricity
ennancing component, for example, on the interior surfaces
or walls of the inserter. The inserter 10 is exposed to
a plasma, as discussed elsewhere herein, either priox to
or after, preferably prior to, providing a surface coating
of lubricity enhancing component.

In any event, the lubricity enhancing component is
present 1n an amount effective, in combination with the
plasma exposing step, to enhance or facilitate the passage
of the IOL through the inserter 10 into the eve. It
should be noted that the lubricity enhancing component
need not be substantially present within the inserter 10
as discrete particles. However, substantially no covalent
chemical bonds exist between the lubricity enhancing

component and the other material making up the inserter

10.
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The water soluble 1lubricity enhancing components
useful 1n the present invention may be selected from
suitable components which function as described herein.
Although the lubricity enhancing component is preferably

inhibited from passing into the eye during use of the

present apparatus, water soluble lubricity enhancing
components which are substantially non-irritating to
ocular tissue and/or are substantially biocompatable with
ocular tilssue are particularly useful in accordance with
the present invention. The lubricity enhancing component
ls present in an amount effective to enhance the lubricity
of the 1nterior wall of the hollow tube defining a hollow
space through which the IOL passes in being inserted into
the eve. Such lubricity enhancing components are
preferably effective to provide such enhanced lubricity
for relatively long periods of time, for example, for at
least about 1 month or at least about 3 months or at least
about 6 months, so that the IOL inserter has a relatively
long shelf life and can be used after being packaged and
stored for such relatively long periods of time and still
obtain the substantial enhanced lubricity benefits.

The physical securing or bonding of the lubricity
enhancing component to the IOL inserter preferably is
effective to reduce the amount of this component which is
passed 1into the eye as the IOL is inserted into the eve.
In other words, it 1s preferred that such physical
securing or bonding is effective to inhibit the lubricity
enhancing component from passing into the eye as the IOL
1s 1nserted into the eye. Thus, the present invention
convenlently provides for enhanced lubricity and ease of
lnserting an IOL into an eye while, at the same time,
reducing the amount of lubricity enhancing component in
the eye and eliminating the need for any covalent chemical

reaction or reactions between the material of the inserter

and the lubricity enhancing component.
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The present lubricity enhancing components are water

soluble. That 1is, for example, such components are
soluble or form solutions with the aqueous medium of the
eye 1nto which the IOL is inserted. Water soluble

compounds, such as glycerol, glycerol propoxylate and the
like, are effective to substantially eliminate long term
contamination of the IOL by the lubricity enhancing
component.

The water soluble lubricity enhancing components
preferably are selected from hydrophilic components,
surfactant components and mixtures thereof.

Particularly useful hydrophilic lubricity enhancing

components include, but are not limited to, those selected

from polyethylene glycol, polyvinylpyrrolidone, poly (N-

vinyl lactams), polyacrylic acid, polyethylene oxide,
polyvinyl alcohol, polysaccharides, carpoxymethyl
cellulose, hydroxyalkyl celluloses, such as

hydroxypropylmethyl cellulose (HPMC) and the like,
polymethacrylic acid, polyacrylamide, polypeptides, poly
sodium styrene sulfonate, polyhydroxyethyl methacrylate,
heparin and the like and mixtures thereof. If a
hydrophilic lubricity enhancing component is employed, it
1s preferred that the IOL inserter be immersed or
otherwise contacted with water, for example, a saline
solution, to hydrate the hydrophilic component . Such
hydration 1is effective to facilitate the lubricity
enhancing characteristics of the hydrophilic component.
Although the present lubricity enhancing components
can be chosen from anionic surfactants, cationic
surfactants and amphoteric surfactants, if a water soluble
surfactant component is employed as the lubricity

enhancing component in the present invention, a nonionic

surfactant component is preferred,
In general, a surfactant component is a surface

active material which is effective, when present 1n water,
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to reduce the surface tension of water. Often,
surfactants 1include a hydrophilic portion and a
hydrophobic portion.

Examples of useful water soluble surfactant
components 1include, but are not limited to, nonionic
surfactants such as those compounds or compositions
produced by the condensation, of a hydrophilic entity, for
example containing alkylene oxide groups, with an organic

hydrophobic moiety, for example, which may be aliphatic or

alkyl aromatic in nature.
Preferred water soluble surfactants include, but are

not limited tc, those derived from the condensation of
ethylene oxide with the product resulting from the
reaction of propylene oxide and ethylene diamine varied in
composition depending upon the balance between the
hydrophobic and hydrophilic elements desired. For
example, such surfactants include compounds containing
about 40% to about 80% by weight of polyoxyethylene, e.qg.,
and having a molecular weight in a range of about 1,000 to
about 15,000, resulting from the reaction of ethylene
oxlde with the reaction product of ethylene diamine and
éxcess propylene oxide, e.g., having a molecular weight in
the range of about 2,000 to about 4,000. Also included
are condensation products of aliphatic alcohols having
about 8 or about 10 to about 14 or about 18 carbon atoms
per molecule, in either straight chain or branched chain
configuration, with ethylene oxide, such as a coconut
alcohol/ethylene oxide condensate including about 10 to

about 30 moles of ethylene oxide per mole of coconut

alcohol.
Particularly preferred nonionic surfactants include,

but are not limited to, block copolymers of ethylene oxide
and propylene oxide, such as those having a molecular
welght 1n the range of about 1,100 to about 15,000,

ranging from flowable liquids of varying viscosities, to
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paste, prills and cast solids at room temperature, that is
about 22° C. Examples of such nonionic surfactants are
sold by BASF Corporation under the trademark Pluronic,
such as Pluronic F-68, F-88, F-108, F-127 and the like and
mixtures thereof.

Such water soluble lubricity enhancing components are
advantageous, for example, since they are readily
dissolved in the eye's aqueous medium and, consequently,
are rapidly dissipated. In particular, compounds which in
agqueous solutions have indexes of refraction substantially
simlilar, preferably within about 0.10 and more preierably
within about 0.05, to the index of refraction of the optic
of the IOL being inserted or of the agueous medium in the
eye, are especilally useful as such compounds, if present

in the eye, have a reduced, or even substantially no, risk

of 1mpairing the vision of the patient.

In one useful embodiment, mixtures of water soluble
lubricity enhancing components, as described herein, and
oleophilic lubricity enhancing components are employed.
The water soluble 1lubricity enhancing component or
components 1in such mixtures preferably are present in a
majoxr amount, that is at least about 50% by weight, of the
total lubricity enhancing components present. Such
mixtures provide substantial lubricity enhancing benefits
while, at the same time, being more effectively dispersed
in and/or removed from the eye relative to a comparably
effective amount of oleophilic 1lubricity enhancing
component without the water soluble lubricity enhancing
component.

Particularly useful oleophilic lubricity enhancing
components include, but are not limited to, those selected
from carboxylic acids having about 10 to about 30 carbon
atoms per molecule, glycerol esters of such carboxylic

acids such as glycerol monostearate, glycerol
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monopalmitate, glycerol monooleate and the like, and

mixtures thereof.
In addition to the physically secured or bonded

lubricity enhancing component, the inserter 10 may also
include a covalently bonded lubricity enhancing component,
for example, as a coating on the exposed surfaces, such as
the interior surfaces of the inserter. Such additional
covalently bonded 1lubricity enhancing component 1is
effective to further enhance the lubricity of inserter 10.
The covalently bonded lubricity enhancing component can be
included in or on the inserter 10 in any suitable manner.

Figs. 1 and 3 to 6 illustrate the use of IOL inserter

10 including an effective amount of physically secured or

ponded lubricity enhancing component 19 (Fig. 2) or 20

(F1g. 2A) concentrated at or near the intericr surfaces
thereotf.

Those interior surfaces may be substantially smooth,
as shown in the drawings, or can include a feature, such
as roughening, rifling, one or more grooves, a plurality
of spaced apart, inwardly extending projecticns and the
like, effective to reduce the amount of force required to
pass an IOL from a fixed position through the inserter.
Such feature or features are particularly advantageous
when present in the injection tube of the inserter. Such
features are more fully described in commonly assigned
U.S. Patent Application Serial No. (Attorney's Docket No.

D-2827) filed on even date herewith, the disclosure of

which application is incorporated in its entirety herein
by reference.

The body of IOL inserter 10 is an integrally formed,
for example, molded, unit made primarily of propropylene.
Load chamber 12 includes a first member 16 and a second
member 18 which are secured or joined together and are

hingeably moveable relative to each other along line 21,
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which is parallel to the longitudinal axis 30 of lnserter
10.

Injection tube 14 includes a3 proximal end portion 22,

a distal end portion 24 and an open distal end 25. A
5 reinforcing collar 28 is coincidental with the proximal
end portion 22 of injection tube 14.

Open distal end 26 is beveled at an angle of about
45° relative to the longitudinal axis 30 of the inserter
10.

10 Injection tube 14 includes a through slot 32 which
extends from the open distal end 26 distally and
terminates prior to the proximal end portion 22 of
lnjection tube 14. Through slot 32 1is elongated in a
direction parallel to the longitudinal axis 30 of inserterxr

15 10.

AS shown in Fig. 1, inserter 10 is in the opened
position. In contrast, in Fig. 3, inserter 10 is shown in
the closed position. In the closed position, the load
chamber 12 includes a COp 32 which is a combination of top

20 surfaces 34 and 36 of first wing 38 and second wing 40,
respectively, of first member 16 and second member 18,

respectively. Flrst and second wings 38 and 40 are

manipulate the inserter 10 while using it, as described
25 hereinafter.

Inserter 10 is described in more detail with
reference to Fig. 4, which shows the inserter in
combination with hand plece 50. When used in combination
with hand piece 50, the load chamber 12 of inserter 10 is

30 in the closed position, as shown in Fig. 4. With the load
chamber 12 in the closed position, and top 32 being the
UPpPermost portion of the load chamber, open distal end 26

of 1injection tube 14 is beveled at an angle of 45°

35 that the open distal end is generally right facing (when
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the lnserter is viewed from above). In addition, through
slot 32 intersects the open distal end 26 at the proximal
most portion of the open distal end, as shown in Figs. 1,
3 and 5.

5 Referring to Fig. 5, with load chamber 12 in the

closed position, the load chamber includes an interior

ln a direction parallel to the longitudinal axis 30 of

inserter 10. Injection tube 14 includes a tapering
10 interior wall 53 which defines a distally tapering second
lumen 54. The average cross-sectional area of second

lumen 54 transverse to the longitudinal axis 30 is smaller
than or reduced relative to the average cross-sectional
area of the first lumen 52.

15 The first lumen 52 is aligned with the second lumen
-4 SO that a folded IOL in the first lumen can be passed
directly from the first lumen into the second lumen. The
taper of proximal portion 58 of second lumen 54 is more
severe than the slight taper which exists in the distal

20 portion 60 of the second lumen. The more severe taper in
the proximal portion 58 is effective to further fold the
IOL as the IOL is passed into the second lumen 54. This
further folding is advantageous because the further folded
IOL can be inserted into the evye through a smaller

25 incision. The enhanced 1lubricity resulting from the
oleophilic component 19 facilitates this further folding
SO that a reduced amount of force is requlred to further
fold the IOL and/or the degree of further holding of the
IOL can be increased so that ultimately, the IOL can be

30 inserted through an even smaller incision. The oleophilic
component 139 also advantageously reduces the risk of
tearing and/or otherwise damaging the IOL as the IOL is
passed through the first lumen 52 and second lumen 54 .

With reference to Fig. 4, inserter 10 is shown in

35 combilnation with hand piece 70 and push rod member 72.
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Hand piece 70 includes a relatively large, elongated first
through opening 74 and a relatively small, elongated
second through opening 7s. Hand piece 70 includes a
through bore 78 which extends from the proximal end 80 to
the distal end 82 of the hand piece. The proximal end
portion 84 of hand piece 70 includes threads 8¢ which are
adapted to engage and mate with threads 88 of the proximal
segment 30 of push rod member 72. Rod element 92 of push
rod member 72 is adapted to pass through bore 78, first
lumen 52, second lumen 54 and out of open distal end 25.
Hand piece 70 and push rod member 72 are made of metal,
such as surgical grade stainless steel or the like metals.

Inserter 10 is operated and functions as follows.
When 1t is desired to load an IOL into inserter 10, the
inserter 1s placed, for example, manually placed, in a
configuration as shown in Fig. 3. With load chamber 12 1n
the opened position, an IOL, such as is shown generally at
100, 1s placed, for example, using forceps, in between
first and second members 16 and 18. This placement is
such that the anterior face 102 of optic 104 faces
upwardly, as shown in Fig. 1. The optic 104 is made of a
silicone polymeric material. The filament haptics 106 and
108 of IOL 100 are located as shown in Fig. 1, so that the
fixation members are located generally parallel to, rather
than transverse to, the longitudinal axis 30.

With IOL 100 placed as shown in Fig. 1, first and
second members 16 and 18 are hingeably moved relative to
each other, for example, by manually bringing first and
second wings 38 and 40 together, to place the load chamber
12 1n the closed position, as shown in Fig. 3. With load
chamber 12 in the closed position, IOL 100 is in a folded
state, that is optic 104 is folded. The relative movement
of first and second members 16 and 18 to move the load
chamber from the open position to the closed position is
effective to fold the lens. The folded IOL 100 is now
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located in the first lumen 52. For clarity sake, the
folded IOL is not shown in any of Figs. 3, 4, 5 or §.
With the inserter 10 configured as shown in Fig. 3
and folded IOL 100 located in first lumen 52, the inserter
10 1s placed in association with hand piece 70, as shown
1n Flg. 4. In this configuration, the distal end portion
24 of injection tube 14 extends distally beyond the distal
end 82 of hand piece 70. As shown in Fig. 5, the distal
portion 85 of hand piece 70 includes an inner wall 87

which is configured to receive reinforcing collar 28 in

abutting relation.
With inserter 10 so placed relative to hand piece 70,

oush rcd member 72 is placed into the through bore 78 of
the hand piece starting at the proximal end 80. As
threads 88 come in contact with and engage threads 86, the
push rod member 72 is rotated,‘as shown in Fig. 6, so as
to thread the push rod member onto the proximal end
porticn 84 of hand piece 70. By gradually moving push rod
element 92 through bore 78 of hand piece 70, the folded
IOL 100 1s urged to move from first lumen 52 into second
lumen 56, through open distal end 26 and into the eye.
Referring now to Fig. 6, the IOL 100 is to be placed

in eye 120 into an area formerly occupied by the natural

lens of the eye. Fig. 6 shows the sclera 122 having an
incision through which the distal end portion 24 of
injection tube 14 is passed. Alternately, the incision

can be made through the cornea. Distal end portion 24 has
a sufficiently small cross-section to pass into the eye
122 through a 3.0 mm incision in the sclera 122.

The injection tube 14 is manipulated within eye 122
unclil 1t is positioned so that IOL 100 can be properly
positioned in eye 122, that is in the anterior chamber,
the posterior chamber, the capsular bag 124 or in the
sulcus, after being released. Thus, the surgeon is able

Co controllably position the distal end portion 24 of
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injection tube 14, with IOL 100 in the first lumen 52 of
load chamber 12. Once distal end portion 24 is so

positioned, the rod element 92 is urged distally, by
rotating (threading) push rod member 72 onto hand plece
5 70, to pass the IOL 100 into and through the second lumen
54, through the open distal end 26 of injection tube 14
and 1nto the eye 120. The anterior face 102 of IOL 100
taces generally forwardly in the eye 120 as the IOL is
released from the inserter 10. In other words, the IOL
10 100 passes through first lumen 52, second lumen 54 and
cpen distal end 26 and into eye 120 without flipping or
otherwilse becoming mispositioned. Only a relatively small

amount ct, 1f any, post-insertion re-positioning is needed

CO properly position IOL 100 in eye 120.
15 After the IOL 100 has been inserted into the eye, the
rod element 92 is moved proximally into the injection tube
14 and the distal end portion 24 of the injection tube is
removed from the eye. If needed, the IOL 100 can be re-
positioned in the eye by a small, bent needle or similar
20 tool 1nserted into the same incision.

Once the IOL 100 is properly positioned in eye 120
and inserter 10 is withdrawn from the eye, the incision in
the sclera may be mended, for example, using conventional
techniques. After use, inserter 10 is preferably disposed

25 of . Hand piece 70 and push rod member 72 can be reused,

after sterilization/disinfection.
The following non-limiting examples illustrate

certaln aspects of the present invention.

30 EXAMPLES

A series of IOL inserters, similar in configuration

to i1nserter 10, were provided and tested.

These inserters were as follows:
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molded from polypropylene including 0.25%
by  weight of glycerol monostearate
distributed substantially uniformly
throughout. Inserter A was subjected to
no plasma processing and no blooming
processing.

molded from polypropylene including 0.25%
by welght of glycerol monostearate

distributed substantially uniformly
throughout. Inserter B was subjected to
plasma processing, but no blooming
processing.

molded from polypropylene including 0.25%
by  weight of glycerol monostearate

distributed uniformly throughout.
Inserter C was subjected to no plasma
processing and to four (4) days of
blooming processing.

molded from polypropylene including 0.25%
by  weight of glycerol monostearate

distributed uniformly throughout.

Inserter D was subjected to plasma
processing and one (1) day of blooming

processing.
same as Inserter D except subjected to

plasma processing and to two (2) days of

blooming processing.
same as Inserter D except subjected to

plasma processing and to three (3) days of

blooming processing.
same as Inserter D except subjected to

plasma processing and to four (4) days of

blooming processing.
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The plasma processing referred to above was performed
using a PS-0150 plasma unit at 25 watts power. The plasma
gas 1included oxygen at a flow rate of 30-50 cc/min. The
plasma pressure was 0.05 to 0.10 torr and the time of

5 plasma exposure was 90 minutes.

The Dblooming processing referred to above was
performed by subjecting the inserter to a temperature of
50°C in air for the designated period of time. In all
cases 1n which plasma processing and blooming processing

10 both occurred, the plasma processing preceded the blooming
processing.

A series of tests were run to evaluate the lubricity
of the 1inserters provided.

In each of the tests, the inserter rod was equipped

15 with a soft distal tip molded from a silicone polymeric
elastomer made from a formulation sold by NuSil Technology
under the trademark Nusil 4516. These tips were sized and
adapted to be received and held or trapped in the fold of
an IOL being passed through an inserter.

20 Except for the presence of the tip and the use of the
inserters noted above, the system used in this testing was
the IOL 1injector system sold by Allergan, Inc. under the
trademark PIC 1. The lenses used 1n the testing had
varying optical powers and included optics made of

25 elastomeric silicone-based polymeric materials.
Speclfically the IOLs were those sold by Allergan, Inc.

under the trademarks SI-30 and SI-40.
The test procedure used was as follows. The IOL was

loaded into the loading chamber and the inserter was
30 placed into the hand piece. An amount of commercially
avallable sodium hyaluronate-containing agqueous solution
approxXimately equal to the volume of the IOL optic was
dispensed into the loading chamber. In certain tests the
IOL was 1mmediately advanced through the entire forward
35 tube and then out the distal port. In other tests, the
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tube (Stage 2) for a specified period of time before being

reused up to five (5) times.

Results of these tests were as follows-:

INSERTER IOL POWER, DWELL TDAE® FORCE loL
ST DIOPTERS STACE USTACR 2 REQUIRED RELEASE
A S1-40 163 TO 25 0402 MIN. LENSES WOULD
NOT MOVE
B SlaQ 163 TO 23 0402 MINL LENSES wWOULD
NOT MOYE
C Si40 163 TO 23 0308 MIN, LENSES WOULD
. . - NOT MOVE
0 $1.30 213 0 MIN. MODERATE VERY WELL CONTROLLED
0 $140 213 5724 MIN, FAIL ROD BYPASSED THE LENS
g $140 165 0403 MIN. MODERATE VERY WELL CONTROLLED
3 Si-40 2.0 0402 MIN, MODERATE VERY WELL CONTROLLED
TO HIGH .
E Si-40 143 0402 MIN, LOW TO VERY WELL CONTROLLED
MODERATE
F Si-40 163 0402 MIN, MODERATE VERY WELL CONTROLLED
F $140 05 . 0402 MIN, MOOERATE VERY WELL CONTROLLED
F $140 25.0 0402 MIN, MODERATE VERY WELL CONTROLLED
G $140 153 0407 MIN, LOW TO VERY WELL CONTROLLED
MODERATE
G S0 20.5 0402 MIN. MODERATE VERY WELL CONTROLLED
G 51.40 24, 0401 MIN. MODERATE VERY WELL CONTROLLED

) More than one test was run for many of

the inserter/I0L style/power combinations.

The dwell time was often varied from test
CO test. Thus, the dwell times are shown

1ln terms of ranges of time.
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These results indicate that Inserter A, even though
1t included 0.25% by weight cf glycerol monostearate, is
lneffective to insert IOLs in the test conducted. In
addition, Inserters B and C - which were subjected to

elther plasma processing or blooming processing - but not

both - are ineffective to insert TIOLs in the tests
conducted. Further, Inserter D - which was subjected to
plasma processing and a limited amount of blooming
processing-is somewhat effective to insert TIOLs in the
teésts conducted. However, Inserters E, F and G which were
subject to both plasma processing and substantial blooming
processing are effective to insert IOLs in the tests
conducted.

The IOL inserter cartridges in accordance with the
present inventicn have an enhanced ability to pass IOLs
for inserticn intoc the eye. The enhanced lubricity of
these cartridges, resulting from physically admixed or
combined oleophilic components, allows reduced force to be
used to pass an IOL, relative to the force needed to pass
an 1OL through a cartridge without the oleophilic
component . This reduced force requirement results in
advantageously reducing the risk of harming the cartridge
(lnserter) and/or the IOL Py passing an IOL through the
cartridge. Thus, the relatively straightforward and
uncomplicated physically admixing or combining of an
oleophilic component into an IOL inserter provides a
supstantial and outstanding combination of benefits.

Comparable results are obtained using similar
inserters and methodologies in which the glycerol
monostearate 1s replaced by an effective amount of
polyvinylpyrrolidone, a water soluble lubricity enhancing
component, and hydroxypropylmethyl cellulose (HPMC) ,
another water soluble lubricity enhancing component.

A second series of I0L inserters, similar in

configuration to inserter 10, were provided and tested.
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These inserters were molded from polypropylene

including 0.25% by welght of glycerol monostearate

These
inserters were subjected to plasma processing using a PS-

distributed substantially uniformly throughout.

5 0150 plasma unit at 500 watts power. The plasma gas

included oxygen at a flow rate of 30-50 cc/min. The
plasma pressure was 0.05 to 0.10 torr and the time of
plasma exposure was 2 minutes. Immediately after plasma

processing, the inserters were coated with an agueous

10 solution containing 1% by weight of hydroxypropylmethyl
cellulose (HPMC). The inserters were dried at 70°C for 1is
minutes.

The plasma processing, coating and drying steps were
repeated except that the plasma processing occurred for a
15 period of 1 minute. The inserters were then sterilized
using ethylene oxide.
A series of tests, using the test procedure outlined
previously, were run to evaluate the lubricity of the
1nserters provided.

20 Results of these tests were as follows:

INSERTER 10OL POWER,
STYLE DIOPFTERS

DWELL TIME FORCE oL
STAGE VW/STACE 2 REQUIRED AELEASE

\““

i Si.3Q 12 0 MIN, MODERATE CONTROLLED

2 Si.40 12 872 MIN, LOWMOOERATE YERY WELL CONTROULED
3 Si40 12 $/3 MIN. LOW/MOOERATE VERY WELL CONTROLLED
4 31-40 12 S/8 MIN. LOWMOOERATE CONTROUED

b Si«40 12 Ors MIN, LOWMOOERATE VERY WELL CONTROWLED
L 34-30 12 C MIN, MQOERATE CONTROWLED

7 3140 40 3/2 MIN. LOWMOOEARATE CONTROLLED

3 Si.4Q 20 /5 MIN, LOW/MOODERATE CONTROWLLED

9 34-40 20 5/8 MIN, LOWMOOERATE CONTROLLED

10 3140 0 073 MIN, LOwW VERY WELL CONTROLLED
(1 $i-30 24 O MIN, MOOERATE VERY WELL CONTROWLED
12 Si-40 23 .SIZ MIN, LOW' CONTAQULED
1] 51.40 3% SIS MiN, LOWMOOERATE VERY WELL CONTROLLED
14 $i.40 - S/ MIN, LOWALOOERATE VERY WELL CONTROWLED
'3 3140 23 0% MINM, LOWAMOOERATE CONTROLLED
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These results demonstrate that the inserters
processed with plasma and HPMC have sufficient lubricity
to facilitate the passage of an IOL through the inserter.

Comparable results are obtained with inserters being
subjected to plasma processing, as described with regard
to the second series of tests, coating with an aqueous
solution containing 2% to 3% by weight of HPMC and drying
at 70° C for 15 minutes on a one-time basis (as opposed to

the repeated plasma processing, coating and drying steps

noted above) .
While this invention has been described with respect

ot various specific examples and empbodiments, it is to be
understood that the invention is not limited thereto and

that 1t can be variously practiced within the scope of the

following claims.
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WHAT IS CLAIMED IS:

1. An apparatus for inserting an intraocular lens
through a small incision into an eye comprising:

a hollow tube including a material and having an
interior wall defining a hollow space through which an
intraocular lens is passed and an outlet through which
said 1intraocular lens is passed from said hollow space
into an eye; and

a lubricity enhancing component selected from
the group consisting of water soluble components and
mixtures thereof physically secured to said hollow tube
and concentrated at or near said interior wall and being
effective to facilitate the passage of said intraoccular

lens through said hollow space.

2. The apparatus of claim 1 wherein said lubricity
enhancing component is effective to reduce the force
needed to pass said intraocular lens through said hollow
space relative to the force needed to pass an identical
intraocular lens through the hollow space of a similar

apparatus without said lubricity enhancing component.

3. The apparatus of claim 1 wherein said interior
wall 1s a plasma-exposed interior wall which has an
enhanced ability to physically secure said lubricity
enhancing component relative to a substantially identical

interior wall which is not plasma exposed.

4. The apparatus of claim 1 wherein said interior
wall is a plasma-exposed interior wall which facilitates
forming said lubricity enhancing component concentrated at

Or near salid interior wall.
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S. The apparatus of claim 1 wherein said material
1s a polymeric material.

6 . The apparatus of claim 1 wherein sald lubricity
enhancing component is selected from the group consisting

of hydrophilic components, surfactant components and
mixtures thereof.

7. The apparatus of claim 1 wherein said lubricity
enhancing component is selected from the group consisting

of nonionic surfactant components and mixtures thereof.

lubricity enhancing component in an amount effective to

further facilitate the passage of said intraocular lens
through said hollow space.

receive an intraocular lens for passage 1nto said hollow
space, and a further lubricity enhancing component

physically secured to said loading portion and

lens into said hollow space.

11. A method for making an apparatus for inserting

an intraocular lens through a small incision into an eye,
said method comprising:
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exposing a hollow tube including a material and

having an interior wall defining a hollow space through
which an intraocular lens is passed and an outlet through
which the intraocular lens is passed from said hollow

space 1nto an eye to an effective plasma; and
providing an effective amount of a lubricity

enhancing component selected from the group consisting of

water soluble components and mixtures thereof physically

secured to said hollow tube and concentrated at or near
said interior wall, said exposing step and said providing
step together being effective to facilitate the passage of

an lntraocular lens through said hollow space.

12. The method of claim 11 wherein said lubricity
enhancing component 1is physically admixed with said

materlal prior to said exposing step.

13. The method of claim 11 wherein said exposing

step occurs at sub-atmospheric pressure in the presence of

oxygen.

14. The method of claim 11 wherein said material is

a polymeric material.

15. The method of claim 11 wherein said lubricity
enhancing component is selected from the group consisting

of hydrophilic components, surfactant components and

mixtures thereof.

16. The method of claim 11 wherein said lubricity

enhancing component is a nonionic surfactant component.

17. The method of claim 11 wherein said providing

step includes subjecting said hollow tube having an amount

of said lubricity enhancing component spaced apart from



10

10

15

10

CA 02378604 2002-02-05

PCT/US00/21286

WO 01/10352

34

said interior wall to conditions effective Lo cause said
amount of said lubricity enhancing component to form at
least a portion of said effective amount of said lubricity

enhancing component concentrated at or near said interior
wall.

18. The method of claim 17 wherein said lubricity
enhancing component is substantially uniformly distributed

throughout said hollow tube prior to said subjecting.

19. The method of claim 17 wherein said exposing

Step occurs prior to said subjecting.

20. The method of claim 11 which further comprlises:
exposing a loading portion including a material

and having an internal wall defining a chamber sized and
adapted to receive an intraocular lens for passage into

salid hollow space to an effective plasma; and
providing an effective amount of a further

lubricity enhancing component selected from the group
consisting of water soluble components and mixtures
thereof physically secured to said loading portion and
concentrated at or near said internal wall, said exposing
step and said providing step together being effective to
facilitate the passage of an intraocular lens into said

hollow space.

2l. A method for inserting an intraocular lens into

an eye comprising:

placing the outlet of a hollow tube of claim 1
ln or in proximity to an incision in an eye; and

passing an intraocular lens from said hollow

space through said outlet into said eye.
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