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Description

Background of the Invention

[0001] The present invention relates to apparatus for inserting an intraocular lens through a small incision into an
eye, and to methods for making such apparatus. More particularly, the invention relates to an apparatus which has
enhanced lubricity and is useful for inserting a foldable intraocular lens into an eye, and to methods for making such
apparatus.
[0002] An intraocular 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 involves making an incision in the eye. It is advantageous, to reduce trauma
and speed healing, to have an incision size as small as possible.
[0003] IOLs are known which are foldable (deformable) so that the IOL can be inserted through a smaller incision
into the eye. A substantial number of instruments have been proposed to aid in inserting such a foldable lens in the eye.
[0004] 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.
[0005] However, whether using a distal loading or proximal loading system, one factor which limits the size of the
inserter tube involves the inserter tube itself. For example, the material from which the inserter tube is made, for ex-
ample, polypropylene and the like polymeric materials, may not be compatible or otherwise susceptible to causing
optics, for example, made from silicone polymeric materials, to pass through relatively small hollow spaces. For ex-
ample, the injector 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.
[0006] As a result of this lack of lubricity, the hollow space of the injector tube must be made relatively larger to
accommodate the folded intraocular lens. This is detriment since, as noted above, it is advantageous to have the
smallest possible incision for insertion of the IOL. 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 dam-
aging 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 visco-elastic agents, in the hollow space of
the tube to facilitate passing the IOL through the insertion apparatus. However, such lubricity agents in and of them-
selves occupy valuable space, thereby at least partially defeating the purpose of using such agents. Also, such lubricity
agents often end up in the eye, thereby creating the risk of causing trauma and/or irritation and/or damage to the eye.
[0007] Bartell US Patent 4,681,102 for example, discloses that the lumen of an IOL inserter is treated with a lubricant,
such as the substance known by the trade name Healon, an aqueous solution containing sodium hyaluronate. Thus,
this lubricant is placed in the hollow passage or lumen of the inserter.
[0008] Such lubricants are substantially free flowing materials. Such lubricants 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
in the eye, thereby creating a risk of causing trauma and/or irritation and/or damage to the eye.
[0009] It would be advantageous to provide straightforward IOL insertion apparatus and methods for making same
which facilitate the passage of folded IOLs through the apparatus in a controlled manner without using excessive force.
[0010] An apparatus for inserting an intraocular lens in accordance with the preamble of claim 1 is disclosed in US-A-
5 468 246.

Summary of the Invention

[0011] The present invention provides an apparatus for injecting IOLs and methods for making such apparatus as
defined in independent claims 1 and 9. 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.
[0012] Preferred embodiments are specified in the dependent claims.
[0013] 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
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apparatus, for example, at or near the interior wall of the apparatus defining a hollow space through which an IOL is
passed. It has been found that the inclusion of such a physically secured or bonded lubricity enhancing component is
effective to facilitate the passage of the IOL through the apparatus. Physically securing or bonding such lubricity en-
hancing components in or on the apparatus is 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 sub-
stantially identical apparatus on which the lubricity enhancing component is not bonded or secured to the apparatus.
[0014] 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, preferably about 3.0 mm or less, and still more preferably about 2.8 mm or less.
[0015] 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 IOL is passed and an outlet, preferably a distal
end opening, through which the IOL is passed from the hollow space into an eye. A lubricity enhancing component,
preferably selected from hydrophilic components, oleophilic components and mixtures thereof, more preferably select-
ed from oleophilic components, other than the material, is physically secured or bonded to the hollow tube and con-
centrated at or near the interior wall. The lubricity enhancing component is physically secured, for example, physically
bonded, admixed or combined, to the other material making up the hollow tube using methods known in the art, by
blending or mixing the lubricity enhancing component and other material prior to forming the hollow tube. 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.
[0016] By "physically" securing or bonding is meant a non-covalent chemical bonding joining or coupling, and pref-
erably a non-chemical bonding, joining or coupling. Some interaction, for example, ionic and/or electrical interactions
may occur between the lubricity enhancing component and the other material or materials making up the hollow tube.
However, the present "physical" securing or bonding is clearly distinguished from forming 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 bonding the lubricity en-
hancing component to the hollow tube is any suitable coupling or joining which is not covalent chemical bonding of the
lubricity enhancing component to the other material of the hollow tube.
[0017] 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 is 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.
[0018] The material from which the hollow tube preferably is made is a polymeric material, for example, a hydrophobic
polymeric material, more preferably selected from polyolefins, such as polypropylene and the like materials.
[0019] In one useful embodiment, the present apparatus 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
further lubricity enhancing component, preferably another amount of the same lubricity enhancing component employed
in the hollow 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 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 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 from the loading portion into the
hollow tube and from the hollow tube into the eye. In addition, it is often more convenient to treat both the hollow tube
and loading portion, which together preferably are a single, integrally formed unit, with the lubricity enhancing compo-
nent and plasma, rather than treating only the hollow tube.
[0020] 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
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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 is passed into an eye.
[0021] Methods 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, in general, been discussed above, and
comprise providing an effective amount of a lubricity enhancing component physically secured to a hollow tube and
concentrated at or near the interior wall of the hollow tube and exposing a hollow tube to plasma. More specifically,
the plasma employed is preferably a sub-atmospheric pressure plasma, more preferably a sub-atmospheric pressure,
oxygen-containing plasma, although other plasmas are suitable.
[0022] 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 hollow tube includes a concentration of
lubricity enhancing component throughout with a locally higher concentration present at or near the interior surface of
the hollow tube.
[0023] The lubricity enhancing component is physically secured or bonded to the hollow tube prior to the exposing
step useful embodiment, 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 com-
ponent 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 be subjected to elevated temperatures for substantial periods of time, such as
on the order of about 6 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 in providing the desired amount of lubricity en-
hancing component concentrated at or near the interior wall of the hollow tube.
[0024] In addition, the loading portion can be formed by comparable exposing and providing steps.
[0025] 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.

Brief Description of the Drawings

[0026]

Fig. 1 is a front side view, in perspective, of an apparatus in 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 is a side view, in perspective, of the apparatus shown in Fig. 2 with the load chamber in the closed position.
Fig. 4 is a front side view, in perspective, of the apparatus shown in Fig. 3 loaded into a hand piece.
Fig. 5 is 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 partially in
cross-section, being used to insert an IOL into an eye.

Detailed Description of the Drawings

[0027] 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 lubricity enhancing component, for example, an oleophilic
component such as glycerol monostearate or a hydrophilic component such as polyvinylpyrrolidone.
[0028] The 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 blended in this material so that it is substantially
uniformly distributed throughout the material. The material is then placed in a mold or similar device suitable for forming
the inserter 10. After the inserter 10 is formed, the lubricity enhancing component remains substantially uniformly
distributed throughout the inserter.
[0029] Once the inserter 10 is formed, it is subjected 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 con-
centration present in the interior of the inserter. A particularly useful embodiment involves subjecting the inserter to an
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elevated temperature for a time effective to cause the lubricity enhancing component to migrate toward the surfaces,
for example, the interior surface, of the inserter. A common name for this phenomenon is "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.
[0030] Again, without wishing to limit the invention to any particular theory of operation, it is believed that this "bloom-
ing" 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 is also believed that this lubricity enhancing component at or near the interior
surface of the inserter is physically, rather than covalent chemically, secured or bound to the inserter 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 its 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.
[0031] 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.g., oxygen, preferably at a sub-atmospheric pres-
sure such as about 1,33 Pa (0.01 torr) or greater, more preferably at a pressure in the range of about 1,33 Pa to about
39,9 Pa or about 66,65 Pa or about 133,3 Pa (0.01 torr to about 0.3 torr or about 0.5 torr or about 1.0 torr). The preferred
output power is in the range of about 10 watts to about 600 watts.
[0032] 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 and more preferably about 30 seconds to about 100 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 experimen-
tation.
[0033] Although the present invention is not limited to any particular mechanism, and without limiting the present
invention to any particular theory of operation, the present methodology is believed to cause a modification or alteration,
for example, a physical and/or chemical modification or alteration, of the exposed regions of the inserter, which, in turn,
results in enhanced lubricity.
[0034] It has been found that both the "blooming" step and the plasma exposing step, in combination, are very
advantageous to provide enhanced lubricity 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 ad-
vantageous results than if the inserter is subjected to both the "blooming" step and the plasma exposing step.
[0035] In any event, the lubricity enhancing component is present in 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 eye. 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.
[0036] The lubricity enhancing components useful in 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, lubricity enhancing components which are substantially non-irritating
to ocular tissue and/or are substantially biocompatable with ocular tissue are particularly useful in accordance with the
present invention. The lubricity enhancing component is present in an amount effective to enhance the lubricity of the
interior wall of the hollow tube defining a hollow space through which the IOL passes in being inserted into the eye.
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.
[0037] The physical securing or bonding of the lubricity enhancing component to the IOL inserter preferably is effec-
tive to reduce the amount of this component which is passed into the eye as the IOL is inserted into the eye. In other
words, it is preferred that such physical securing or bonding is effective to inhibit the lubricity enhancing component
from passing into the eye as the IOL is inserted into the eye. Thus, the present invention conveniently provides for
enhanced lubricity and ease of inserting 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.
[0038] Particularly useful oleophilic 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 monopalmitate, glycerol monooleate and the like, and mixtures thereof.
[0039] 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, polypropyl-
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ene oxide, polyvinyl pyridine, polyvinyl alcohol, polysaccharides, carboxy methyl cellulose, hydroxy alkyl celluloses,
such as hydroxypropylmethyl cellulose 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 is preferred that the IOL inserter be immersed or otherwise contacted with water,
for example, a saline solution, to hydrate the hydrophilic component. Such hydration is effective to facilitate the lubricity
enhancing characteristics of the hydrophilic component.
[0040] 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 lubricity enhancing component is 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.
[0041] Figs. 1 and 3 to 6 illustrate the use of IOL inserter 10 including an effective amount of physically secured or
bonded lubricity enhancing component 19 (Fig. 2) or 20 (Fig. 2A) concentrated at or near the interior surfaces thereof.
[0042] 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, which is parallel to the longitudinal axis 30 of inserter 10.
[0043] Injection tube 14 includes a proximal end portion 22, a distal end portion 24 and an open distal end 26. A
reinforcing collar 28 is coincidental with the proximal end portion 22 of injection tube 14.
[0044] Open distal end 26 is beveled at an angle of about 45° relative to the longitudinal axis 30 of the inserter 10.
[0045] 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 injection tube 14. Through slot 32 is elongated in a direction parallel to the
longitudinal axis 30 of inserter 10.
[0046] 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 top 32 which is a combination of top surfaces
34 and 36 of first wing 38 and second wing 40, respectively, of first member 16 and second member 18, respectively.
First and second wings 38 and 40 are effective for a human user of inserter 10 to hold and manipulate the inserter 10
while using it, as described hereinafter.
[0047] Inserter 10 is described in more detail with reference to Fig. 4, which shows the inserter in combination with
hand piece 50. When used in combination with hand piece 50, the load chamber 12 of inserter 10 is in the closed
position, as shown in Fig. 4. With the load chamber 12 in the closed position, and top 32 being the uppermost portion
of the load chamber, open distal end 26 of injection tube 14 is beveled at an angle of 45° relative to the longitudinal
axis 30 of the inserter 10 so that the open distal end is generally right facing (when the inserter 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.
[0048] Referring to Fig. 5, with load chamber 12 in the closed position, the load chamber includes an interior wall 51
which defines a first lumen 52 that is elongated in a direction parallel to the longitudinal axis 30 of inserter 10. Injection
tube 14 includes a tapering 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.
[0049] The first lumen 52 is aligned with the second lumen 54 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 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 eye through a smaller incision. The enhanced
lubricity resulting from the oleophilic component 19 facilitates this further folding so that a reduced amount of force is
required 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 inserted through an even smaller incision. The oleophilic component 19 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.
[0050] With reference to Fig. 4, inserter 10 is shown in combination with hand piece 70 and push rod member 72.
Hand piece 70 includes a relatively large, elongated first through opening 74 and a relatively small, elongated second
through opening 76. 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 86 which are adapted to
engage and mate with threads 88 of the proximal segment 90 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 26. Hand
piece 70 and push rod member 72 are made of metal, such as surgical grade stainless steel or the like metals.
[0051] Inserter 10 is operated and functions as follows. When it is desired to load an IOL into inserter 10, the inserter
is placed, for example, manually placed, in a configuration as shown in Fig. 3. With load chamber 12 in the opened
position, an IOL, such as is shown generally at 100, is placed, for example, using forceps, in between first and second
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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.
[0052] 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 in 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 located in the first
lumen 52. For clarity sake, the folded IOL is not shown in any of Figs. 3, 4, 5 or 6.
[0053] With the inserter 10 configured as shown in Fig. 3 and folded IOL 100 located in first lumen 52, the inserter
10 is placed in association with hand piece 70, as shown in Fig. 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.
[0054] With inserter 10 so placed relative to hand piece 70, push rod 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 portion 84
of hand piece 70. By gradually moving push rod element 92 through bore 78 of hand piece 70, the folded IOL 100 is
urged to move from first lumen 52 into second lumen 56, through open distal end 26 and into the eye.
[0055] 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.
[0056] The injection tube 14 is manipulated within eye 122 until it 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 to controllably position the distal end portion 24 of 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 piece 70, to pass the IOL 100 into and through
the second lumen 54, through the open distal end 26 of injection tube 14 and into the eye 120. The anterior face 102
of IOL 100 faces generally forwardly in the eye 120 as the IOL is released from the inserter 10. In other words, the IOL
100 passes through first lumen 52, second lumen 54 and open distal end 26 and into eye 120 without flipping or
otherwise becoming mispositioned. Only a relatively small amount of, if any, post-insertion re-positioning is needed to
properly position IOL 100 in eye 120.
[0057] 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 tool inserted into the same incision.
[0058] 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
of. Hand piece 70 and push rod member 72 can be reused, after sterilization/disinfection.
[0059] The following non-limiting examples illustrate certain aspects of the present invention.

EXAMPLES

[0060] A series of IOL inserters, similar in configuration to inserter 10, were provided and tested. These inserters
were as follows:

INSERTER A: molded from polypropylene including 0.25% by weight of glycerol monostearate distributed substan-
tially uniformly throughout. Inserter A was subjected to no plasma processing and no blooming
processing.

INSERTER B: molded from polypropylene including 0.25% by weight of glycerol monostearate distributed substan-
tially uniformly throughout. Inserter B was subjected to plasma processing, but no blooming process-
ing.

INSERTER C: 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.

INSERTER D: 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.

INSERTER E: same as Inserter D except subjected to plasma processing and to two (2) days of blooming process-
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ing.
INSERTER F: same as Inserter D except subjected to plasma processing and to three (3) days of blooming process-

ing.
INSERTER G: same as Inserter D except subjected to plasma processing and to four (4) days of blooming process-

ing.

[0061] The plasma processing referred to above was performed using a PS-0150 plasma unit at 25 watts power.
The plasma gas included oxygen at a flow rate of 30-50 cm3/min. The plasma pressure was 6,6 Pa to 13,33 Pa (0.05
to 0.10 torr) and the time of plasma exposure was 90 minutes.
[0062] The blooming 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 in which plasma processing and blooming processing both occurred,
the plasma processing preceded the blooming processing.
[0063] A series of tests were run to evaluate the lubricity of the inserters provided.
[0064] In each of the tests, the inserter rod was equipped 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.
[0065] Except for the presence of the tip and the use of the inserters noted above, the system used in this testing
was the IOL injector system sold by Allergan, Inc. under the trademark PIC 1. The lenses used in the testing had
varying optical powers and included optics made of elastomeric silicone-based polymeric materials. Specifically the
IOLs were those sold by Allergan, Inc. under the trademarks SI-30 and SI-40.
[0066] The test procedure used was as follows. The IOL was loaded into the loading chamber and the inserter was
placed into the hand piece. An amount of commercially available sodium hyaluronate-containing aqueous solution
approximately equal to the volume of the IOL optic was dispensed into the loading chamber. In certain tests the IOL
was immediately advanced through the entire forward tube and then out the distal port. In other tests, the IOL was
allowed to dwell in the loading chamber (Stage 1) a period of time specified and then was advanced into the forward
tube. The IOL was allowed to dwell in the forward tube (Stage 2) for a specified period of time before being released
out the distal port. After the IOL was released, the rod and tip were cleaned with water and the tip was reused up to
five (5) times.
[0067] Results of these tests were as follows:

INSERTER IOL STYLE POWER.
DIOPTERS

DWELL TIME(1)

STAGE 1/STAGE
2

FORCE
REQUIRED

IOL RELEASE

A SI-40 16.5 TO 25 0-4/0-2 MIN. LENSES WOULD
NOT MOVE

B SI-40 16.5 TO 25 0-4/0-2 MIN. LENSES WOULD
NOT MOVE

C SI-40 16.5 TO 25 0.5/0-8 MIN LENSES WOULD
NOT MOVE

D SI-30 21.5 0 MIN. MODERATE VERY WELL
CONTROLLED

D SI-40 21.5 5/2-8 MIN. FAIL ROD BYPASSED
THE LENS

E SI-40 16.5 0-4/0-2 MIN. MODERATE VERY WELL
CONTROLLED

E SI-40 20.0 0-4/0-2 MIN. MODERATE TO
HIGH

VERY WELL
CONTROLLED

E SI-40 24.5 0-4/0-2 MIN LOW TO
MODERATE

VERY WELL
CONTROLLED

F SI-40 16.5 04/0-2 MIN. MODERATE VERY WELL
CONTROLLED

F SI-40 20.5 0-4/0-2 MIN. MODERATE VERY WELL
CONTROLLED

(1) More than one test was run for many of the inserter/IOL style/power combinations. The dwell time was often varied from test to test. Thus, the
dwell times are shown in terms of ranges of time.
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[0068] These results indicate that Inserter A, even though it included 0.25% by weight of glycerol monostearate, is
ineffective to insert IOLs in the test conducted. In addition, Inserters B and C - which were subjected to either plasma
processing or blooming processing - but not both - are ineffective to insert IOLs 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 IOLs in the tests 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.
[0069] The IOL inserter cartridges in accordance with the present invention have an enhanced ability to pass IOLs
for insertion into 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 IOL
through a cartridge without the oleophilic component. This reduced force requirement results in advantageously re-
ducing the risk of harming the cartridge (inserter) and/or the IOL by 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 substantial and outstanding combination of benefits.
[0070] Comparable results are obtained using similar inserters and methodologies in which the glycerol monostea-
rate is replaced by an effective amount of polyvinylpyrrolidone, a hydrophilic lubricity enhancing component.
[0071] A second series of IOL inserters, similar in configuration to inserter 10 but not in accordance with the present
invention, were provided and tested.
[0072] These inserters were molded from polypropylene including 0.25% by weight of glycerol monostearate distrib-
uted substantially uniformly throughout. These inserters were subjected to plasma processing using a PS-0150 plasma
unit at 500 watts power. The plasma gas included oxygen at a flow rate of 30-50 cm3/min, The plasma pressure was
6,6 Pa to 13,33 Pa (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 aqueous solution containing 1% by weight of hydroxypropylmethylcel-
lulose (HPMC). The inserters were dried at 70°C for 15 minutes.
[0073] The plasma processing, coating and drying steps were repeated except that the plasma processing occurred
for a period of 1 minute. The inserters were then sterilized using ethylene oxide.
[0074] A series of tests, using the test procedure outlined previously, were run to evaluate the lubricity of the inserters
provided.
[0075] Results of these tests were as follows:

(continued)

INSERTER IOL STYLE POWER.
DIOPTERS

DWELL TIME(1)

STAGE 1/STAGE
2

FORCE
REQUIRED

IOL RELEASE

F SI-40 25.0 0-4/0-2 MIN. MODERATE VERY WELL
CONTROLLED

G SI-40 15.5 04/0-2 MIN. LOW TO
MODERATE

VERY WELL
CONTROLLED

G SI-40 20.5 0-4/0-2 MIN. MODERATE VERY WELL
CONTROLLED

G SI-40 24.5 0-4/0-2 MIN. MODERATE VERY WELL
CONTROLLED

(1) More than one test was run for many of the inserter/IOL style/power combinations. The dwell time was often varied from test to test. Thus, the
dwell times are shown in terms of ranges of time.

INSERTER IOL STYLE POWER.
DIOPTERS

OWELL TIME
STAGE 1/STAGE
2

FORCE
REQUIRED

IOL RELEASE

1 SI-30 12 0 MIN. MODERATE CONTROLLED
2 SI-40 12 5/2 MIN. LOW/MOOERATE VERY WELL

CONTROLLED
3 SI-40 12 5/5 MIN. LOW/MODERATE VERY WELL

CONTROLLED
4 SI-40 12 5/8 MIN LOW/MODERATE CONTROLLED
5 SI-40 12 0/5 MIN. LOW/MODERATE VERY WELL

CONTROLLED
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[0076] These results demonstrate that the inserters processed with plasma and HPMC have sufficient lubricity to
facilitate the passage of an IOL through the inserter.
[0077] 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).
[0078] While this invention has been described with respect of various specific examples and embodiments, it is to
be understood that the invention is not limited thereto and that it can be variously practiced within the scope of the
following claims.

Claims

1. An apparatus (10) for inserting an intraocular lens (100) through a small incision into an eye comprising:

a hollow tube (14) including a material and having an interior wall (53) defining a hollow space (54) through
which an intraocular lens (100) is passed and an outlet (26) through which said intraocular lens is passed from
said hollow space into an eye;
a lubricity enhancing component (19,20) physically secured, other than by covalent chemical bonding, to said
hollow tube (14) and concentrated at or near said interior wall and being effective to facilitate the passage of
said intraocular lens (100) through said hollow space (54), the hollow tube characterised by
having bloomed lubricating enhancing component at or near the interior wall.

2. The apparatus (10) of Claim 1, wherein said interior wall (53) is plasma-exposed for facilitating forming said lubricity
enhancing component (19,20) concentrated at or near said interior wall.

3. The apparatus (10) of Claim 1, wherein said material is a polymeric material.

4. The apparatus (10) of Claim 1, wherein said lubricity enhancing component (19,20) is selected from the group
consisting of hydrophilic components, oleophilic components and mixtures thereof.

5. The apparatus (10) of Claim 1, wherein said lubricity enhancing component (19,20) is selected from the group
consisting of oleophilic components and mixtures thereof.

6. The apparatus (10) of Claim 1, wherein said hollow tube (14) is sized to pass said intraocular lens (100) into the
eye through an incision no larger than about 3.5 mm.

(continued)

INSERTER IOL STYLE POWER.
DIOPTERS

OWELL TIME
STAGE 1/STAGE
2

FORCE
REQUIRED

IOL RELEASE

6 SI-30 12 0 MIN MODERATE CONTROLLED
7 SI-40 20 5/2 MIN LOW/MOOERATE CONTROLLED
8 SI-40 20 5/5 MIN. LOW/MODERATE CONTROLLED
9 SI-40 20 5/8 MIN LOWIMOOERATE CONTROLLED
10 SI-40 20 0/5 MIN LOW VERY WELL

CONTROLLED
11 SI-30 24 0 MIN. MODERATE VERY WELL

CONTROLLED
12 SI-40 25 5/2 MIN. LOW CONTROLLED
13 SI-40 25 5/5 MIN LOW/MODERATE VERY WELL

CONTROLLED
14 SI-40 25 5/8 MIN LOW/MODERATE VERY WELL

CONTROLLED
15 SI-40 25 0/5 MIN LOW/MODERATE CONTROLLED
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7. The apparatus (10) of Claim 1, wherein said hollow tube (14) further includes a surface coating of a covalently
bonded lubricity enhancing component in an amount effective to further facilitate the passage of said intraocular
lens through said hollow space.

8. The apparatus (10) of Claim 1, which further comprises a loading portion (12) including a material and having an
internal wall (51) defining a chamber (52) sized and adapted to receive an intraocular lens (100) for passage into
said hollow space (54), and a further lubricity enhancing component (19,20) physically secured to said loading
portion and concentrated at or near said internal wall and being effective to facilitate the passage of said intraocular
lens into said hollow space.

9. A method for making an apparatus (10) for inserting an intraocular lens (100) through a small incision into an eye,
said method being characterized by the steps comprising:

physically admixing a lubricity enhancing component (19,20) with a material from which a hollow tube (14) is
to be made;
subjecting the hollow tube (14) including the material and having an interior wall (53) defining a hollow space
(54) through which an intraocular lens (100) is passed and an outlet (26) through which the intraocular lens
is passed from said hollow space into an eye to conditions effective to cause said lubricity enhancing agent
to form at least a portion of an effective amount of said lubricity enhancing component concentrated at or near
said interior wall.

10. The method of Claim 9, wherein said material is a polymeric material.

11. The method of Claim 9, wherein said lubricity enhancing component (19,20) is selected from the group consisting
of oleophilic components, hydrophilic components and mixtures thereof.

12. The method of Claim 9, wherein said lubricity enhancing component (19,20) is an oleophilic component.

13. The method of Claim 9, wherein said lubricity enhancing component (19,20) is an oleophilic component, said
conditions include a temperature of at least about 40°C, and said lubricity enhancing component is substantially
uniformly distributed throughout said hollow tube (14) prior to said subjecting.

14. The method of Claim 9, wherein prior to said subjecting the method includes the step of exposing the hollow tube
(14) to a plasma.

15. The method of Claim 14, wherein said exposing step occurs at sub-atmospheric pressure in the presence of ox-
ygen.

16. The method of Claim 9, which further comprises:

exposing a loaded portion (12) including a material and having an internal wall (51) defining a chamber (52)
sized and adapted to receive an intraocular lens (100) for passage into said hollow space (54) to an effective
plasma; and
providing an effective amount of a further lubricity enhancing component (19,20) physically secured to said
loading portion (12) and concentrated at or near said internal wall (51), said exposing step and said providing
step together being effective to facilitate the passage of an intraocular lens (100) into said hollow space (54).

Patentansprüche

1. Vorrichtung (10) zum Einsetzen einer Intraokularlinse (100) durch einen kleinen Einschnitt in ein Auge, mit den
folgenden Teilen:

ein hohles Rohr (14), welches ein Material enthält und eine Innenwand (53) aufweist, die einen Hohlraum (54)
definiert, der durch eine Intraokularlinse (100) durchlaufen wird, und der einen Auslaß (26) besitzt, durch den
die Intraokularlinse aus dem Hohlraum in ein Auge überführt wird;
eine die Schmierfähigkeit verbessernde Komponente (19, 20), die physikalisch, anders als durch eine kova-
lente chemische Bindung, an dem hohlen Rohr (14) festgelegt und an der Innenwand oder in der Nähe kon-
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zentriert ist, und den Durchtritt der Intraokularlinse (100) durch den Hohlraum (54) erleichtert, wobei das hohle
Rohr dadurch gekennzeichnet ist, dass

es eine vergütete, die Schmierung verbessernde Komponente an der Innenwand oder in der Nähe hiervon auf-
weist.

2. Vorrichtung (10) nach Anspruch 1, bei welcher die Innenwand (53) einem Plasma ausgesetzt ist, um die die
Schmierfähigkeit verbessernde Komponente (19, 20) zu erzeugen, die an der Innenwand oder in der Nähe hiervon
konzentriert ist.

3. Vorrichtung (10) nach Anspruch 1, bei welcher das Material ein Polymermaterial ist.

4. Vorrichtung (10) nach Anspruch 1, bei welcher die die Schmierfähigkeit verbessernde Komponente (19, 20) aus
jener Gruppe ausgewählt ist, die aus hydrophilen Komponenten, oleophilen Komponenten und Mischungen hier-
von besteht.

5. Vorrichtung (10) nach Anspruch 1, bei welcher die die Schmierfähigkeit verbessernde Komponente (19, 20) aus
der Gruppe ausgewählt ist, die aus oleophilen Komponenten und Mischungen hiervon besteht.

6. Vorrichtung (10) nach Anspruch 1, bei welcher das Hohlrohr (14) so bemessen ist, dass die Intraokularlinse (100)
in das Auge durch einen Einschnitt eingeführt werden kann, der nicht größer als etwa 3,5 mm ist.

7. Vorrichtung (10) nach Anspruch 1, bei welcher das Hohlrohr (14) außerdem einen Oberflächenüberzug aus einer
kovalent verbundenen, die Schmierfähigkeit verbessernden Komponente, in einer Menge aufweist, die weiter den
Durchtritt der Intraokularlinse durch den Hohlraum erleichtert.

8. Vorrichtung (10) nach Anspruch 1, welche weiter einen Beschickungsabschnitt (12) aufweist, der ein Material
enthält und eine eine Kammer (52) definierende, Innenwand (51) besitzt, welcher Beschickungsabschnitt so be-
messen und angeordnet ist, dass er eine Intraokularlinse (100) zum Überführen in den Hohlraum (54) aufnimmt,
wobei eine weitere, die Schmierfähigkeit verbessernde Komponente (19, 20) physikalisch an dem Beschickungs-
abschnitt festgelegt und an der Innenwand oder in der Nähe hiervon konzentriert ist, und den Durchtritt der Intra-
okularlinse in den Hohlraum erleichtert.

9. Verfahren zur Herstellung einer Vorrichtung (10) zum Einführen einer Intraokularlinse (100) durch einen kleinen
Einschnitt in ein Auge, wobei das Verfahren durch die folgenden Schritte charakterisiert ist:

es wird physikalisch eine die Schmierfähigkeit verbessernde Komponente (19, 20) mit einem Material ver-
mischt, aus dem ein hohles Rohr (14) hergestellt wird;
es wird das hohle Rohr (14), einschließlich dem Material und einer Innenwand (53), die einen Hohlraum (54)
definiert, durch den eine Intraokularlinse (100) hindurchläuft, und einschließlich einem Auslaß (26), durch den
Intraokularlinse aus dem Hohlraum in das Auge überführt wird, Bedingungen ausgesetzt wird, die bewirken,
dass das die Schmierfähigkeit verbessernde Mittel wenigstens einen Teil einer wirksamen Menge der die
Schmierfähigkeit verbessernden Komponente bildet, die an der Innenwand oder in der Nähe derselben, kon-
zentriert ist.

10. Verfahren nach Anspruch 9, bei welchem das Material ein Polymermaterial ist.

11. Verfahren nach Anspruch 9, bei welchem die die Schmierfähigkeit verbessernde Komponente (19, 20) aus der
Gruppe ausgewählt ist, die oleophile Komponenten, hydrophile Komponenten und Mischungen hiervon aufweist.

12. Verfahren nach Anspruch 9, bei weichem die die Schmierfähigkeit verbessernde Komponente (19, 20) eine oleo-
phile Komponente ist.

13. Verfahren nach Anspruch 9, bei welchem die die Schmierfähigkeit verbessernde Komponente (19, 20) eine oleo-
phile Komponente ist und die Bedingungen eine Temperatur von wenigstens 40°C aufweisen, und die die Schmier-
fähigkeit verbessernde Komponente im wesentlichen gleichförmig durch das Hohlrohr (14) verteilt wird, bevor es
den Bedingungen ausgesetzt wird.
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14. Verfahren nach Anspruch 9, bei welchem das Verfahren den Schritt aufweist, das hohle Rohr (14) einem Plasma
auszusetzen, bevor es den Bedingungen unterworfen wird.

15. Verfahren nach Anspruch 14, bei welchem das Aussetzen in dem Plasma unter sub-atmosphärischen Druck in
Gegenwart von Sauerstoff durchgeführt wird.

16. Verfahren nach Anspruch 9, welches ferner die folgenden Schritte umfaßt:

es wird ein Beschickungsabschnitt (12), der ein Material enthält und eine eine Kammer (52) definierende
Innenwand (51) aufweist, und so bemessen und angeordnet ist, dass er eine Intraokularlinse (100) zur Über-
führung in den Hohlraum (54) aufnehmen kann einem wirksamen Plasma ausgesetzt, und
es wird eine wirksame Menge einer weiteren, die Schmierwirkung verbessernden Komponente (19, 20) vor-
gesehen, die physikalisch an dem Beschickungsabschnitt (12) festgelegt und an der Innenwand (51) oder in
der Nähe davon konzentriert ist, wobei der Plasmaschritt und der Schritt mit dem eine wirksame Menge ge-
liefert wird, zusammen wirksam sind, um den Durchtritt einer Intraokularlinse (100) in den Hohlraum (54) zu
erleichtern.

Revendications

1. Un appareil (10) pour insérer une lentille intraoculaire (100) au travers d'une petite incision dans un oeil compre-
nant:

un tube creux (14) comportant une matière et ayant une paroi interne (53) définissant un espace creux (54)
au travers duquel on fait passer une lentille intraoculaire (100) et une sortie (26) au travers de laquelle on fait
passer cette lentille intraoculaire depuis cet espace creux dans un oeil;
un composant (19,20) augmentant le pouvoir lubrifiant fixé de manière physique, autrement que par des
liaisons chimiques covalentes, à ce tube creux (14) et concentré à ou près de cette paroi interne et étant
efficace pour faciliter le passage de cette lentille intraoculaire (100) au travers de cet espace creux (54), le
tube creux étant caractérisé
en ce qu'il comporte un composant gonflé favorisant le pouvoir lubrifiant à ou près de la paroi interne.

2. Appareil (10) selon la revendication 1, dans lequel cette paroi interne (53) est exposée au plasma pour faciliter la
concentration de ce composant favorisant le pouvoir lubrifiant (19,20) à ou près de cette paroi interne.

3. Appareil (10) selon la revendication 1, dans lequel cette matière est une matière polymère.

4. Appareil (10) selon la revendication 1, dans lequel ce composant favorisant le pouvoir lubrifiant (19,20) est choisi
dans le groupe consistant en composants hydrophiles, composant oléophiles et des mélanges de ceux-ci.

5. Appareil (10) selon la revendication 1, dans lequel ce composant favorisant le pouvoir lubrifiant (19,20) est choisi
dans le groupe consistant en composants oléophiles et des mélanges de ceux-ci.

6. Appareil (10) selon la revendication 1, dans lequel ce tube creux (14) est dimensionné pour faire passer cette
lentille intraoculaire (100) dans l'oeil au travers d'une incision, pas plus grande qu'environ 3,5 mm.

7. Appareil (10) selon la revendication 1, dans lequel ce tube creux (14) comprend en outre un revêtement de surface
d'un composant favorisant le pouvoir lubrifiant lié de manière covalente en une quantité efficace pour faciliter
davantage le passage de cette lentille intraoculaire au travers de cet espace creux.

8. Appareil (10) selon la revendication 1, qui comprend en outre une zone de chargement (12) comprenant une
matière et ayant une paroi interne (51) définissant une chambre (52) dimensionnée adaptée pour recevoir une
lentille intraoculaire (100) pour le passage dans cet espace creux (54), et un autre composant favorisant le pouvoir
lubrifiant (19,20) physiquement fixé à cette zone de chargement et concentré à ou près la paroi interne et étant
efficace pour faciliter le passage de cette lentille intraoculaire dans cet espace creux.

9. Procédé pour fabriquer un appareil (10) pour insérer une lentille intraoculaire (100) au travers d'une petite incision
dans un oeil, ce procédé étant caractérisé par les étapes comprenant:
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mélanger physiquement un composant favorisant le pouvoir lubrifiant (19,20) avec une matière à partir de
laquelle un tube creux (14) doit être réalisé.;
traiter le tube creux (14) comprenant la matière et ayant une paroi interne (53) définissant un espace creux
(54) au travers duquel on fait passer une lentille intraoculaire (100) et une sortie (26) au travers de laquelle
on fait passer la lentille intraoculaire depuis cet espace creux dans un oeil, sous des conditions efficaces pour
que cet agent favorisant le pouvoir lubrifiant forme au moins une partie d'une quantité efficace de ce composant
favorisant le pouvoir lubrifiant concentré à ou près de la paroi interne.

10. Procédé selon la revendication 9, où cette matière est une matière polymère.

11. Procédé selon la revendication 9, où ce composant favorisant le pouvoir lubrifiant (19,20) est choisi dans le groupe
consistant en composants oléophiles, composants hydrophiles et des mélanges de ceux-ci.

12. Procédé selon la revendication 9, où ce composant favorisant le pouvoir lubrifiant (19,20) est un composant oléo-
phile.

13. Procédé selon la revendication 9, où ce composant favorisant le pouvoir lubrifiant (19,20) est un composant oléo-
phile, ces conditions comprennent une température d'au moins environ 40°C, et ce composant favorisant le pouvoir
lubrifiant est sensiblement uniformément réparti au travers de ce tube creux (14) avant le traitement sous ces
conditions.

14. Procédé selon la revendication 9, où avant ce traitement le procédé comporte l'étape d'exposer le tube creux (14)
à un plasma.

15. Procédé selon la revendication 14, où cette étape d'exposition se produit à une pression sub-atmosphérique en
présence d'oxygène.

16. Procédé selon la revendication 9, qui comprend en outre:

exposer une zone chargée (12) comprenant une matière et ayant une paroi interne (51) définissant une cham-
bre (52) dimensionnée adaptée pour recevoir une lentille intraoculaire (100) pour le passage dans cet espace
creux (54), à un plasma efficace; et
fournir une quantité efficace d'un autre composant favorisant le pouvoir lubrifiant (19,20) physiquement fixé
à cette zone de chargement (12) et concentré à ou près la paroi interne (51), cette étape d'exposition et cette
étape de fourniture ensemble étant efficaces pour faciliter le passage d'une lentille intraoculaire (100) dans
cet espace creux (54).
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