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INTRAOCULAR LENS IMNSERTER

RELATED APPLICATIONS
(6001} Any and all applications for which a foreign or domestic priority claim is
identified in the Application Data Sheet as filed with the present application are hereby

incorporated by reference under 37 CFR 1.57.

TECHNICAL FIELD
(6082} The inventions disclosed herein gencrally relate to devices and methods

for inserting an intraocular lens info an eve of an animal,

BACKGROUND

[6083] A cataract is a clouding that develops in the crystalline lens of the eyve or
in its cnvelope (lens capsule), varying in degree from slight to complete opacity and
obstructing the passage of light. Early in the development of age-related cataract, the power
of the lens may be increased, causing near-sightedness {(myopia), and the gradval veliowing
and opacification of the lens may reduce the perception of blue colors, Cataracts typically
progress slowly to cause vision loss, and are potentially blinding if untreated. The condition
usually affects both eyes, but almost always one eye is affected carlier than the other. The
following is a list of different types of cataracts:

(6004 Senile cataract — Characterized by an initial opacity in the lens, subseguent
sweiling of the lens, and final shrinkage with complete loss of transparency occurring in the
elderly.

[6005] Morgagnian cataract — Ligueficd cataract cortex forming a milky white
tluid, which can cause severe inflammation if the lens capsule ruptures and leaks, occurring
as a progression of the cataract, Untreated, the advanced cataract can cause phacomorphic
glancoma. Very advanced cataracts with weak zonules are hable to dislocation anteriorly or

posteriorly.
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6006} (ataract resulting from trauma — A cataract resulting from trauma to the
¢yve in an otherwise healthy individual, Blunt trauma or penctrating trauma resulting from
accidental injury to the cye can result in crystalline lens opacification. Retinal surgery
involving a para plana vitrectomy will result in a post-operative cataract in six o nine
months after the surgery.  Infrequently, an adverse event can occur where the otherwise
healthy crystalline lens is touched by a surgical instrument during retinal surgery. The
crystalline lens clouds and a cataract forms within minutes of contact.

(6007} Congenital cataract — A cataract developed n a child before or just after
birth.

(6008} In many countries surgical services are madequate, and cataracts remain
the leading cause of blindness. Cataracis arc a large cause of low vision in both developed
and developing countrics. Even where surgical services are available, low vision associated
with cataracts can remain prevalent, as a result of long waits for operations and barriers to
surgical uptake, such as cost, lack of information, and patient transportation problems.

[6089] Scveral factors can promote the formation of cataracts, including long-
term cxposure to ultraviolet light, cxposurc to ionizing radiation, sccondary cffects of
diseases such as diabetes, hypertension, and advanced age, or trauma. Genetic factors are
often a cause of congenital cataracts, and positive family history may also play a role in
predisposing someone to cataracts at an carly age, a phenomenon of “anticipation” in
presenile cataracts. Cataracts may also be produced by oye injury or physical trauma.

(6010} Cataracts are also unusually comunon in persons exposed to infrared
radiation, such as glassblowers, who suffer from exfoliation syndrome. Exposure to
microwave radiation can causc cataracts. Atopic or allergic conditions are also known fo
quicken the progression of cataracts, especially in children. Cataracts can also be caused by
wdine deficiency. Cataracts may be partial or complete, stationary or progressive, or hard or
soft.  Some drugs can induce cataract devclopment, such as corticosteroids and the
antipsychotic drug quetiapine {sold as Scroquel®, Ketipinor, or Quepinj.

[o011} The operation to rernove cataracts can be performed at any stage of thewr
development, There is no longer g rcason to wait until a cataract is “ripe” before removing
it. However, since all surgeries involve some level of risk, it is usually worth waiting until

there is some change in vision before removing the cataract.
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[6612] The most effective and common freatment is to make an incision
(capsulotomy} into the capsule of the cloudy lens to surgically remove i, Two types of cye
surgery can be used to remove cataracts: extra-capsular cataract extraction (ECCE) and intra-
capsitfar cataract extraction (ICCE). ECCE surgery consists of removing the lens, but
leaving the wmajority of the lens capsule intact.  High frequency sound waves
{phacocmulsification} arc sometimes uscd to break up the lens before extraction. ICCE
surgery involves removing the fens and lens capsule, but it is rarcly performed in modern
practice. In cither extra-capsular surgery or intra-capsular surgery, the cataractous lens is
removed and replaced with an infraocular plastic lens (an intraocular lens implant) which
stays in the cye permanently. The intraocular lens is placed into a cartridge and inserted
through the small surgical incision. The inserter folds the intraocular lens and pushes it
through a small needle. The end of the needle is posttioned within the capsular bag. When
the folded mtraccular lens exits the end of the needle, it slowly unfolds as the surgeon
manipulates the lens into its final position. Cataract operations are usually performed using
local anesthetic, and the patient is allowed to go home the same day. Until the carly twenty-
first century intraccular lenses were always monofocal; since then improvements in
intraccular technology allow implanting a multifocal lens to create a visual environment in
which paticnts are less dependent upon glasses.  Such multifocal lenses are mechanically
flexible and can be controlled using the eye muscles used to control the natural lens.

[6013] Complications arc  possible after cataract surgery, including
endophthaimitis, posterior capsular opacification, and retinal detachment.

{60141 Laser surgery involves cuiting away a small circle-shaped area of the lens
capsule, cnough to allow light to pass directly through the cve to the retina. There are, as
always, some risks, but s¢rious side effects are very rare. High frequency ultrascund is
currently the most common means to extract the cataract lens.

(601 5] Cataract surgerics arc conducted in an operating room under sterile
conditions to prevent the risk of infection, particularly endophthalmitis, a rapid devastating
infection that can cause blindness in a fow days. The patient’s eye 1s cleaned with an
antiseptic and then isolated with a sterile drape that {fully covers the patient with only the eve

cxposed. A sterile ficld is established around the patient such that any personnel or
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instrimentation must be suitably scrubbed, draped, or sterilized following standard aseptic
procedures,

[B816] With reference to FIGs. 1 and 2, such a prior art type of cataract surgery
inclndes using a surgical microscope to view the mierior of the eye through a patient’s
cornea and iris. The surgeon typically makes two incisions 10, 12 in the patient’s cornea,
close to the limbus, to cnable surgical instruments to gain access to the interior scgment of
the cye and to implant an intraccular lens after the cataract crystaliine lens has been removed.
For example, an intraccular lens inserter 14 can be inserted through the incision 10 and a
positioning device 16 can be inserted through the incision 12,

[0817] The surgery typically includes creating a full-circle tear in the center of
the capsular bag on the interior side, called a “capsulorhexis,” and removing the torn circle of
the capsule. Then the cataract crystalline lens is removed using a phacoemulsificr, an
ultrasonic infusing and aspirating instrument that breaks up the cataract and aspirates the
fragments, removing the cataract.

(6018} The hingering cortical material that is attached to the inner surface of the
capsular bag is then aspirated using an infusion/aspirating instrument. The intraccular lens
18 is then inserted using the lens inserter 14 and positioned within the capsular bag using the
positioning device 16 or other devices.

{6019 The lens inserter 14 transfers the flat intraocular lens I8 through the small
clear corneal incision 10 into the capsular opening (capsulorhexis) and to its final position
within the capsplar bag. The inserter 14 pushes the flat lens 18 through a cartridge which
causes the lens to fold and pass through a tubular portion of the cartridge which is placed nto
the small incision 10. As the lens 18 cmerges out of the tubular end of the cartridge 14,
slowly unfoids and returns to its original flat shape.

[0820] Recent advances in ferntosecond laser instrurnentation has autornated the
process of making entry incisions and the capsulorhexis as well as pre-cutting the cataract
making the cataract surgical procedure more precise, safer, and casier for the surgeon to
exgcute.

(6021} The majority of current lens inserters are manually operated re-usable
instruments with primarily onc of two means to push the lens: a lead screw or plunger. The

lead screw approach provides counsistent and smooth delivery of the lens, however slowly,
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and requires the surgeon or an assistant to turn the manual lead screw as the surgeon
positions the tip of the instroment

(3022} The plunger approach doces not require an assistant, as the surgeon uses a
thumb to drive the lens forward, much like injecting a drug from a syringe. Additionally, the
surgeon can more readily control the speed of delivery, swiftly moving throogh the less
critical portions and slowing for the more delicate secgments. A drawback of the plunger
approach is that when the lens becomes stuck, resulting in a more forceful push by the
surgeon to clear the hang-up, the fens can overshoot its exit and injure the patient.

[6623] Reusable instrumentation requires reprocessing {clcaning and sterilization)
resulting in additional mstrumentation overhead and increased risk of Toxic Anterior
Segment Syndrome {TASS) www.cde.gov/mmwr/preview/mmwrhtml/mm5625a2 htm.

(6024 Recently, offorts have been made to perform such lens replacement
surgerics using smaller corneal incisions.  For example, as shown schematically in the
ithustration of FIG. 3, typically the distal end of an infraccular lens inserter 14 15 inserted
completely through the incision 10 during a procedure of inserting an infraocular lens 18,

[6025] However, with reference to FIG. 4, surgeons recently have been adopting
a “wound-assist” technique, wherein only a small portion of the tip 20 of the intraccular lens
imserter 14 1s inserted into the incision 10, wherein the incision [0 is smaller than the
incisions previously made, such as during the procedure illustrated in FIG. 3. As such, the
intraccular lons 18, in its folded state, is pushed through and slides along interior surfaces of
the incision 108, This alfows the incision 18 {o be smaller and the wound itself (incision 18)
becornes a lumen for nserting the lens 18 info the eye.

[8826] During such a procedure the surgeon can usc the distal end 20 of the tip of
the intraocular inserter 14 to help hold the incision 10 open. For example, the surgeon might
apply a lateral force in the direction of arrow 22 n order to hold the incision 10 open such
that the lens 18 can be pushed thercthrough.

(6027} There are a number of intragcular devices for implanting an intraccular
lens described in the prior art. For example, WO 96/37152 describes a pushrod in a housing,
which can be moved by the pressure of g thumb. During the axial advance of the pushrod,
the intraocular lens may be removed from the housing and implanted in the cve. A spring

and/or a dampening element made from an elastic rubber or plastic material acts opposite the
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direction of advance of the pushrod to adjust the force of the pushrod. Also, EP (477466 Al
describes a rotary drive which may be embodied as an clectric engine, which acts upon a
pushrod vig a rod and a transmission. Thereby, the rotary motion is converted to a forward
motion,  The intraccular lens, which particularly comprises a foldable intraocular lens
comprising a rubber-clastic material, for example silicon, is located in an implanting tool
which can be placed upon the implanting device. The pushrod motion in the axial dircction
of advance is transferred during the implanting process upon the intraocular lens in the

implanting tool.

SUMMARY

16028} An aspect of at least one of the inventions disclosed herein includes the
realization that an intraocular lens inserter can allow a surgeon to actuate and thus discharge
a lens from an inserter device with one hand and can also reduce the manual force that must
be applicd by the surgeon. For cxample, in some known conventional devices, such as
plunger devices, a surgeon must use significant manual force against the proximal end of the
phinger to push the lens through the end of the inserter device. This makes 1t more difficult
for the surgeon to hold the device in the desired orientation and position during inscriion.
This problem 15 more significant in the surgical procedures more recently adopted such as
that described above with reference to FIG. 4. Thus, an intraccular lens insertion device that
provides assisted discharge force can help a surgeon perform the surgical procedure as
desired.

(6029 Another aspect of at least onc of the inventions disclosed herein includes
the realization that significant costs for such devices can be redaced by the use of an ingerted
device having an incorporated mechanism for storing encrgy for providing a discharge force.

(60361 Thus, by providing an intraocular lens inscrter with an energy device that
stores energy for providing a discharge force, the intraocular lens inserter 18 more portable
and avoids the requirement for a surgeon to purchase or rent a separate standalone console.

(6031} Another aspect of at least onc of the inventions disclosed herein includes
the realization that a hand-held intraccular lens inserier can be made with an incorporated
cnergy device and a movement control actuator, with sufficient simplicity that the resulting

device can be designed as a single use device and thus is disposabic, thereby avoiding the
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cost of resterilization and the potential for cross-contamination. Thus, for example, an
intraocular lens inserter device can include a coropressible energy device and an actuator
configured to opcrate with a substantially incompressible fluid for controlling the release of
the cnergy stored by the energy doviee and the movement of downstream components, such
as a lens msertion rod/plunger.

[6032) Another aspect of at lcast one of the inventions disclosed herecin includes
the realization that compressible cnergy devices, such as springs or compressed air, can
provide convenient and portable means for storage of energy which can be output as forces.
However, such energy devices are more difficalt to control for providing, for example,
constant velocity output.

[3333] Thus, an aspect of at least one of the inventions disclosed herein includes
the realization that providing a dampening medium with a sobstantially incompressible fluid,
such as a liquid, accommodates the use of mechanisms that can provide more fine control
over the velocity of downstream components, cven where onergy is supplicd by a
compressible storage device, such as springs or compressed air.

(60341 This summary is provided to introduce a sclection of concepts in a
simplificd form that arc further described below in the Detailed Description. This summary
is not intended to identity key features or essential features of the elaimed subject matter, nor

15 it intended to be used as an aid in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[6035] A roore complete understanding of the subject matter may be derived by
referring to the Detatled Description and claims when considered in conjunction with the
following figurcs, wherein like reference numerals refer to similar clements throughout the
figures.

60361 FI1G. 1 is an cnlarged sectional view of a human cye with an intraccular
lens inserter inserted through an incision in the cornea and a positioning device inserted
through 8 second incision, with an intraccular replacement lens shown as being partially
¢jected from the intraocular lens inserter.

16637 FIG. 2 is a front plan view of the procedure illustrated in FIG. 1.
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6038} FIG. 3 is a schematic diagram of a portion of the arrangement shown in
FIG. 1, with the distal tip of an intraocular lens inserter inserted completely through an
incision and discharging a replacement lens.

16639] FIG. 4 1s a schematic illustration of a different procedure than that
tustrated in FIG. 3, in which the distal tip of the ntraccular lens inserter is inserted only
partially into the incision.

[0840] FIG. 5 18 a schematic illustration of an embodiment of an intraccular lens
nserter.

160411 Fi(3. 6 1s a schematic illustration of an embodiment of a drive device of
FIG. 5.

[6842] FIG. 7 is a schematic illustration of an embodiment of the drive device of
FI1G. 5 with a slider.

6043} FIG. 8 15 a schematic itlustration of an embodiment of the drive device of
FiG. 7 with two-phase prossurized gas replaced with single phase pressurized gas.

{3844 FIG. 9 is a schematic llustration of an embodiment of the drive device of
FI1G. 8 with pressurized gas stored remotely from the device and delivered to the device viaa
tube.

3451 FIG. 10 18 a perspective view of a further embodiment of the intraccular
lens inserter of FIG, 5.

13046} FIG. 11 is a side clevational and cross-sectional view of the intraccular
lens nserter of FIG. 10

(60471 FIG. 12 18 an cxploded view of a lens cartridge holder portion of the
intraocular lens inserter of FI1G. 10,

[8043] FIG. 13 1s an enlarged perspective and exploded view of the intraccular
lens inserter shown in FIG, 12,

6049 FIG. 14 is an enlarged side clevational view of a lens cartridge removed
from the lens cartridge holding portion.

[0050] FIG. 15 is a view of the inserter of FIG. 14 with the lens cartridge inserted
into the lens cartridge holder portion,

(00511 FIG. 16 s a partial cross-sectional view of the inserter of FIG. 15 prior to

the lens cartridge being engaged with a plunger.

-8
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[0882] FIG. 17 1s a cross-sectional view of the inserter shown after the lens

holder portion has been moved axially to engage the plunger with the lens cartridge.

DETAILED DESCRIPTION
[BO53] The following detailed description is merely tllustrative 1 nature and is
not intended to limit the embodiments of the subject matter or the application and uses of

13

such embodiments. As used hercin, the word “cxemplary” means “serving as an cxampile,
instance, or illustration.”  Any implementation described hergin as exemplary is not
necessarily to be construcd as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied theory presented
in the preceding technical field, background, brief summary, or the following detailed
description,

354 Certain terminciogy may be used in the following description for the
purpose of reference only, and thus is not intended to be Umiting. For example, terms such
as “upper”, “lower”, “above”, and “below” refer to directions in the drawings to which
reference is made. Torms such as “proximal”, “distal”, “front”, “back”, “rear”, and “side”
describe the orientation and/or ocation of portions of the component within a consistent but
arbitrary frame of reference which is made clear by reference to the text and the associated
drawings describing the component under discussion.  Such terminology may include the
words specifically mentioned above, derivatives thereof, and words of similar import.
Similarly, the terms “first”, “second”, and other such numerical terms referring to structures
do not imply a sequence or order unless clearly indicated by the context.

[38585] The inventions disclosed herein are described in the context of intraccular
iens inserters for the treatment of cataracts. However, the inventions disclosed herein can be
used in other context as well with regard to surgical devices that are required to discharge
devices, for example, nto or bevond the tissues of an animal, such as a human,

[3356] Generally described, aspects of the present disclosure relate to intraoccular
lens inserters that inchude a drive device with controllable advance motion. The drive device
may inclode an actuator device and an energy device. The actuator device may include a
piston rod that uses the advance motion to push an intraocular lens from a cartridge for

insertion into an eye of an animal. The energy device may act upon the actuator deviee to
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generate the advance motion. The actuator device may include a dampening medinm o
control the advance motion, such as by controllably dampening the advance motion.

(387 In some embodiments, the piston rod may include a plunger part, a piston
part, and a pushrod part. The pushrod part may be impinged in the direction to advance by a
pressurized gas provided by the energy device. The pressurized gas may be a single phase
gas or a multi-phasc gas such as a ligueficd dual phase gas. In some embodiments, such as
that involving the usc of a liguefied dual phase gas, the pressurized gas component can act as
a substantially constant foree storage means. In some embodiments, the pressurized gas is
stored wholly within the intraocular lens juserter. In some erobodiments, the pressurized gas
18 stored remotely from the intraocular lens inserter. When the pressurized gas is stored
remotely, the intraccular lens inserter may be fed the pressurized gas from a tube in fluid
communication with the intraocular lens inserter,

60581 Opposite the direction of advance, a dampening means apphics dampening
pressure upon the piston part. The dampening means may be a dampening medium capabie
of flow. For cxample, the dampening mediim may be a hydraulic fluid.  In some
embodiments, the dampening medium may be an ophthalmologic tolerated higuid. During
the implanting process, the dampening pressure applied to the piston part counteracts the
pressurized gas pressure applicd to the pushrod part. Thereby, the movement control of the
plunger part may be controlled by controlling the dampening pressure applied to the piston
part.

6059 For example, the cnergy device may reicasc pressurized gas pressure upon
the pushrod part to move the piston rod in the advance direction (by applying the pressurized
gas pressure upon the pushrod part in the advance direction). However, the piston part of the
piston rod may be in contact with a dampening medium in a pressure chamber to apply
dampening pressure that counteracts the pressurized gas pressure (by applying the
dampening pressure upon the piston part in a direction opposite to the advance direction}.
Thereby, control of the dampening mediom may be used to control the motion of the
intraocular lens inserter (by controlling a reduction of the dampening pressure, such as by
draining the dampening medium from the pressure chamber).

60601 In certain embodiments, a channel may be used to drain the dampening

medium from the pressure chamber. Thereby, varying the cross section of the channel may

-10-
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be used to control the dampening medium.  Also, a valve may be used to allow the
dampening medium to drain from the pressure chamber via the chanvel. Thereby, varying
the cross section of the valve (such as by opening and/or closing the valve) may be used to
control the dampening medium. In some embodiments, a slider may be used to control the
cross sections of the channel and/or the valve may be controlied (such as by applying the
pressure of a finger upon the shider) such that the pressurized gas is converted into a relaxing
stroke for implanting the lens.

{8611 With reference to FIG. 5, an intraocular lens inserter 100 can include an
energy device 102, an actoator device 104, and a lens discharge device 106, The energy
device 102 can be in the form of any type of encrgy device. In some embodiments, the
energy device 102 is in the form of a device for storing cnergy, such as compressible fluids,
mechanical springs, or other compressible types of energy storage devices. Other types of
energy storage devices can also be used. In some embodiments, the energy device 102 may
receive and/or convert energy from an exiernal source, such as by being fod pressurized gas
from a tube in fluid communication with the energy devigce.

[8062] In some embodiments, the cnergy device 102 can be configured to
discharge mechanical encrgy from the energy therein, For exarmple, where the energy device
192 is in the form of a compressed gas container, the energy device 102 can discharge such
compressed gas which therefore provides an output of mechanical energy. Furthermore,
where the encrgy device 102 is an interface (such as a valve or connector) for a tube that is
fed pressurized gas from an energy source, the energy device 102 can discharge such
pressurized gas which provides an oufput of mechanical energy.

[6063] The actuator device 104 can be any type of actuator configured to provide
controllable actuation of the output of mechanical energy from the energy device 102, For
example, in some embodiments, the actuator device 104 includes user interface (such as a
roechanical or electronic button, lever, or slide) for providing a user with means for
controlling the output of mechanical energy from the encrgy portion 102, For example, the
actuator device 104 can include a slide, lever, or button configured to control variable
resistance or movement dampening of the pressurized gas pressure applied to the piston rod
from the ecnergy device 102, The actuator device 104 roay also control the piston rod’s

interaction with the lens discharge device 106, For example, the actuator device 104 may

-11-
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inclnde an output plunger part or other device for interacting with the lens discharge device
106.

[B864] The lens discharge device 106 may be configured to interact with or retain
an intraocular lens cartridge which is widely commercially available from several different
sources. For example, the lens discharge device 106 can be configured to releasably engage
with an intraccular lens cartridge commercially available as a Monarch® available from
Alcon®. The lons discharge device 106 may also be contigured to move between an open
position configured for allowing an intraccular lens cartridge to be engaged with the lens
discharge device 106 and a closed portion in which the lens discharge device 106 engages
with the lens cartridge.

[B065] As such, in operation, the actuator device 104 can be manipulated by a
user, such as a surgeon, to control the output of mechanical energy from the energy device
192, to thereby control the discharge of a lens from a lens cartridge retained by the lens
discharge device 106. Further, the intraccular lens inserter 100 can be configured to be
hand-held, disposable, and/or reusable in different embodiments.

[8066] In some embodiments, the actuator device 104 and the encrgy device 102
may be referred to, in combination, as a drive deviee 200, With reference to FIG. 6, the
intraocuiar lens inserter 100 may comprise a further embodiment of the drive device 200A,
which comprises the actuator device 104A and the encrgy device 102A. The featores and
components of the drive device 200A, which comprises the actuator device 104A and the
engrgy device 102A, can be the same or similar to corresponding components of the drive
device 200, which comprises the actuator device 104 and the energy device 102, that have
been dentified with the same reference numeral, except that the letter “A” has been added
thereto.

[3867] FIG. 6 is a cross-sectional iflustration of an embodiment of the drive
device 200A, by which the plunger part 600 of the piston rod 615 in a housing 602 can be
moved in the direction of advance 604. A pressurized gas 606, such as a liguefied dual phase
gas having a ligund component 606A and a gas component 6068 is stored wholly within the
housing 602.

{3068] In some embodiments, the pressurized gas 606 can serve as a constant

energy storage means of the energy device 102A. The pressurized gas 606 acts at one side
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upon the pushrod part 608 supported in a displaceable fashion in the housing 602 in a
pressure-tight or generally pressure-tight fashion via an O-ring 6140,

{369} The piston part 612 is guided in a piston chamber 632 of the housing 602,
and also in 8 pressure-tight or generally pressure-tight fashion, preferably liquid tight, for
example via an O-ring 614, The piston chamber 632 may include a pressure chamber 616
and a drainage chamber 628 separated by the piston part 612, Therebhy, the pushrod part 608
and the piston part 612 act upon the plunger part 600 in the axial direction, particularly in the
direction of advance 604,

[6870] At the other side of the piston 612, the pressure chamber 616 includes a
dampening medium 618, The dampening medium 618 may be capable of flow and may be in
the form of a hydraulic thud. In an idle state, a valve 620, for example located at a8 sealing
plug 622, 1s closed. When the valve 620 is closed, the pressure chamber 616 is sealed
pressure-tight or generally pressure-tight towards the outside of the pressure chamber 616.
For this purpose, a scal, for cxample in the form of another G-ring 624, is provided at the
scaling plug 622. Also, the piston rod 615 is also guided in a pressure-tight or generally
pressure-tight fashion in the scaling plug 622, This occurs with the help of another seal,
which may also be embodicd as an O-ring 625.

(6071} In the exemplary embodiment, a channel 626 may be connected with the
valve 620, The channel 626 may terminaie at the drainage chamber 628, Thereby, the
dampening medium 618 can be drained out of the pressure chamber 616 through the channcl
626. However, in other embodiments, the channel 626 may drain the dampening medium to
another collection vessel (not illustrated) in licu of the drainage chamber 628 or along with
the drainage chamber 628,

(66721 In the idle state (while the valve 620 is closed) the gas component 606B of
the pressurized gas 606 acts upon the piston rod 615 via the pushrod part 608. However, the
piston part 612 is hindered from moving n the direction of advance by the dampening
medium {(which may be an incompressible or substantially incompressible fluid, such as a
fiquid including for example, saline}.

(6873} Opening the valve 620 allows the dampening medium 618 to flow through
the channel 626 into the drainage chamber 628, This allows the gas componcent 606A of the

pressurized gas 606 to drive the piston rod 615 in the direction of advance 604, This causcs
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the dampening mediim 618 in the pressure chamber 616 to be displaced through the open
valve 620 and the chaonnel 626 into the drainage chamber 628, In order to limit the advance
motion of piston 612, a stop 630 may be located in the pressure chamber 616,

(6074} Pressure may be applied to the phinger part 600 for retracting the piston
part 612 opposite the direction of advance 604, By applying pressure opposite the direction
of advance 604 to the plunger part 600, the dampening medium may be deposited into the
pressure chamber 616 by way of suction and the pressurized gas 606 may be re-compressed.
When the piston part 612 is retracted, a vacuum develops in the pressure chamber 616 so that
the dampening medium 618 can be suctioned through the open valve 620, The pushrod part
608 also decreases the volume of the liquefied dual phase gas. After retracting the piston
part 612 and closing the valve 620, the drive device 200A may be returned to a ready-to-use
condition.

16875] In certain embodiments, the piston chamber 632 and the channel 626 may
be filled with the dampening medium 618 such that movement of the piston 614 is equivalent
to displacement of the dampening mediom 618 between the pressure chamber 616 and the
drainage chamber 628, In other embodiments, the pressure chamber 616 may be filled with
the dampening medium 618 while the drainage chamber 628 and/or the channel 626 and/or
the collection vessel may include another medium different than the dampening medium 618
{(for example, a vacuum, a different dampening medium, or the ambient environment of the
drive device 200A).

(68761 The rate of displacement of the dampening medium 61& {and thereby the
movement of the piston 612 and the plunger 600) can be controlled by regulating the cross-
section of the valve 620, the cross-section of the channel 626, and/or the viscosity of the
dampening medium 618, For example, a user interface (such as a shider discussed further
below) may be utihized to control the rate of displacement of the dampening medinm.
Thereby, the speed of the advance of the piston rod 615 can be controlled to smoothly push
an intraocular lens from a cartridge for insertion into an ¢ye.

(84771 FIG. 7 1s a cross-sectional illustration of an exemplary embodiment of the
drive device 200B. With reference to FIG. 7, the drive device 200B may be a further
embodiment of the drive device 200A. The featurcs and components of the drive device

2008 can be the same or similar to corresponding components of the drive device 200A,
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except that the letter “B” has been added thereto. As illustrated in FIG. 7, the drive device
2008 includes a channel 6268 and a slider 700. The channel 6268 may be formed of a
flexible material such that the cross section of the channel 6268 may be reduced and
expanded by applying pressure to the surface of the channel 6268 {such as from the pressure
of a fingery. The shider 700 may be positioned on the channel 6268 such that the pressure of
a finger oun the shider 700 may control the cross section of the channel. For example, the
slider may include a plate that is mobile or deformable perpendicular in refercnce to the
channel 6268,

{06781 Furthermore, in certain embodiments, the cross section of the valve 620B
may be controlled by the shider 700. For cxample, the cross section of the valve 620B may
be controlled such that the valve 620B is cither completely open, completely closed, or in
any position between being completely open or completely closed (such as by incrementally
controlling the cross section of the valve 620B). For example, a rod member {not shown}
can connect the shider 700 to the valve 620B to control the opening of the valve 620B, the
valve 6208 optionally being biased to a closed state with the slider 700 in a neutral state, and
the valve 6208 being opencd with movement of the slider 700 away from the neulral state,
In other embodiments, a separate user interface (such as an additional shider (not illustrated))
may control the cross sectional aperture of the valve 6208,

(34791 Also, in certain embodiments, the viscosity of the dampening medium
6188 may be sclected and/or countrolled to influence the rate of advance of the piston rod
615B. For cxample, different dampening mediums may have different viscosities such that
movement of the piston part 6128 1s a factor of the viscosity of the particular dampening
medium 6188 used in the drive device 200B. Also, the viscosity may be countrolled, sach as
by controlling the temperature or another characteristic of the dampening medium 6188, to
influence the rate of advance of the piston 612B.

[G0R0] FIG. § 18 a cross-sectional illustration of an exemplary embodiment of the
drive device 200C. With reference to FIG. &, the drive device 200C may be a further
embodiment of the drive device 200B. The features and components of the drive device
200C can be the same or similar to corresponding components of the drive device 2008,

exeept that the letier “C” has been added thereto.  As illustrated in FIG. &, the pressurized

-15-



WO 2015/154049 PCT/US2015/024375

gas 606 (which is a liquefied dual phase gas having a Hquid component 606A and a gas
component 606B) 1s replaced with pressurized gas 800 having a single phase.

(30811 FI(. 9 is a cross-sectional iilustration of an exemplary embodiment of the
drive device 200D, With reference to FIG. 9, the drive device 200D may be a further
embodiment of the drive device 200B. The features and components of the drive device
200C can be the same or simtlar to corresponding components of the drive device 2008,
except that the fetter “D” has been added thereto. As illustrated in FIG. 9, the pressurized
gas 606 (which is a liquefied dual phase gas having a lignid component 606A and a gas
component 606B) is replaced with pressurized gas (not ilustrated) that s stored remote from
the drive device 200C. The remote pressurized gas source may be delivered to the drive
device 200C via a tube 902 in fluid communication between the interface 900 (such as a
valve or connector) of the energy device 102D of the drive device 200D.

[6082] With reference to FIGS. 10-17, a further embodiment of the intraccular
lens inserter 100 is illustrated and identified by the reference number 100E. The features and
components of the lens inserter 100E that can be the same or similar to corresponding
components of the lens inserter 100 have been identified with the same reference numeral,
except that the letter “E” has been added thercto.

[0083] FIG. 10 is a perspective view of a further embodiment of the intraocular
lens inserter 100 of FIG. 5. As tllustrated 1n FIG. 10, the intraccular lens inserter 100E also
includes an encrgy device 102E, an actuator device T04E, and a lens device 106E. The
intraocuiar lens inserter 100E may include a main body portion 201 which includes various
cavities, recesses, and conduits, and, in the present embodiment, provides for communication
between the energy storage portion 102A and the actuator portion 104A and the lens device
106E. In some embodiments, optionally, the main body portion 201 can be made from a
single picce of material forming a wonolithic body. However, other configurations can also
be used.

6084} As illustrated, the lens device 106E may include a cartridge receiving
portion 430 configured to reccive a lens cartridge 400, The lens device 106E may also
include a cartridge engagement member 240 configured to connect the lens device 106F and
the actuator device 104E. The actuator device 104E may inchude the shder 700E. Also, the

energy device 102E may include a removable cap 256,
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[GO8S] FIG. 11 18 a side clevation and cross-sectional view of the intraocular lens
inserter of FIG. 10. As illustrated in FIG. 11, the removable cap 256 may be removed to
insert a container of compressed gas into a receiving portion 202, The receiving portion may
be configured as a recess within the main body portion 201, sized and configured to receive
the container of compressed gas. Tn some embodirents, the recess 202 can be sized to
receive a canister of compressed carbon dioxide 204, Such containers of compressed gas,
and in particular carbon dioxide, are widely commercially available.

[8086] With reference to FIGS, 12 and 13, the cartridge engagement member 240
can include the cartridge receiving portion 430. For cxample, the cartridge receiving portion
4380 can inchude a distal wing engagement portion 432 and a body receiving portion 434,
The wing receiving portion 432 and the body receiving portion 434 can be sized in
accordance with the outer dimensions of a commercially available lens cartridge 400, which
arc well known in the art.

[B487] The distal wing receiving portion 432 can include a recess designed to
engage the wings 436 of the lens cartridge 400. Thus, when the cartridge 400 1s engaged
with the cartridge receiving portion 430, as shown in FIG. 10, the cartridge 400 is generally
aligned with the phinger 600E.

[B088] With continued reference to FIGS. 14 and 15, the cartridge receiving
portion 430 can optionally include a proximal engaging portion 440 configured to engage
with a proximal portion of the cartridge 400. For example, in some commercial
embodiments of the cartridge 400, the cartridge 400 includes rearward wings 442 or other
rearward surfaces.  The cartridge engagement portion 430, therefore, can include an
additional proximal recess 444 and an engagement device 446, for a positive engagement
with the wings 442, Thus, as shown in FIG. 15, when the cartridge 400 is engaged both with
the forward engagement portion 432 and the rearward engagement portion 444, with the
projection 446 extending over the rearward wings 442, the cartridge 400 is more securely
scated within the cartridge receiving portion 430.

(33891 This can provide a substantial benefit to a surgeon using the inserter 100E.
For example, with the projection 446 exicnding over the rearward wing 442, if the surgeon
applics a force to the inscerter 100E in the direction of arrow F (FIG. 15), a torque T can be

created or imparted onto the cartridge 400, thereby tending to cause the cartridge to pivot
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about the distal receiving portion 432, which can thereby tend to cause the proximal end of
the cartridge 400 to hift upward n the direction of arrow U, However, the congagement
portion 446 can help retain the proximal portion of the cartridge 400 within the receiving
portion 433, This type of force can be created during execution of surgical procedures that
are becoming more common, such as that described above with reference to FIG. 4, known
as the “wound-assist” technique.

6096} With continued reference to FIGS. 13-15, the cartridge engagement
memwber 240 can also be slidably engaged with the main body portion 201, Thus, the
cartridge cngagement member 240 can include various internal surfaces configured to
cooperate with outer surfaces of the main body portion 201, Thus, the cartridge engagement
member 240 can be shid longitudinally along the main body portion 201, paralicl to the
longitudinal axis L of the intraocular lens inserter 100E.

(6091 For cxample, with reference to FIGS. 16 and 17, the portion 240 can be
moved to a distal position, show in FIG. 16, In this position, the lens receiving portion 438 is
spaced apart from the phlanger 600E. As such, the cartridge 400 can be inseried into the
cartridge receiving portion 430 without interference of the plunger 600E. Thus, after the
cartridge is received as such, as shown in FIG. 17, the cartridge engagement member 240 can
be slid backwards relative to the main body portion 201 until the plunger 600E cngages or
presses against a lens within the cartridge 400,

(6692} As noted above, the main body portion 201 can include various detents or
ramps or other portions 246, 248 which can cngage with a portion of the cartridge
engagement member 240 for providing positive engagement into vartous positions. For
example, the cartridge cngagement member 240 can include a ramp and hook portion 460
configured to engage with the portion 246 and portion 248 of the main body portion 201,
Thus, the cartridge engagement member 240 can be positively engaged in the position
ithustrated in FIG. 17 with the main body portion 201, and then when pulled o the proximal
direction, so as to move the plunger 600E into the cartridge 400, the portion 460 can engage
with the proximal portion of the housing 201 to thereby engage into a retracted position.
OCther designs can also be used to provide for the convenient insertion and removal of the

cartridge 400.
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[68093] While at least one excemplary embodiment has been presented in the
foregoing detailed description, it should be appreciated that a vast number of variations exist.
it should also be appreciated that the cxemplary embodiment or embodiments described
herein are not intended to limit the scope, applicability, or configuration of the claimed
subject matter in any way. Rather, the foregoing detailed description will provide those
skilled in the art with a convenient road map for implementing the described embodiment or
embodiments. It should be understood that various changes can be made in the function and
arrangement of clements without departing from the scope defined by the claims, which
includes known cquivalents and foreseeable equivalents at the time of filing this patent

application.
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WHAT IS CLAIMED I5s:

1 A device for mplanting an intraocular lens comprising:

a piston rod

a pressurized gas device configured to impart pressurized gas pressure to the
piston rod to move the piston rod from a retracted position to an extended position;

a compression chamber comprising a dampening medium, the dampening
medium comprising a substantially incompressible fluid, the dampening medium
applving dampening pressure to the piston rod that counteracts the pressurized gas
pressure;

a channcl configured to drain the dampening medium from the compression
chamber;

a slider configured to change the cross sectional area of the channel to countrol
a rate that the dampening medium drains from the compression chamber; and

an intraocular lens retaining portion comprising an intraocular lens for
insertion into an eye of an animal and aligned with the piston rod such that the piston
rod pushes the intraocular lens from the intraocular lens retaining portion when the
piston rod moves from the retracted position toward the extended position,

Z. The device of Claim 1, wherein a speed that the piston rod moves from the
retracted position to the extended position is based on a rate that the dampening mediom
drains from the compression chamber.

3. The device of Claim 1, wherein the channel is configured to drain the
dampening medium to a drainage chamber, the drainage chamber separated from the
compression chamber by the piston rod.

4. The device of Claim 3, wherein the drainage chamber, the channel, and the
compression chamber are filled with the dampening mediom.

5. A device for implanting an intraoccular lens comprising:
a piston rod
a pressurized gas devicee configured to impart pressurized gas pressure to the

piston rod to move the piston rod from a retracted position to an extended position;
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a compression chamber comprising a dampening medivm, the dampening
medium coraprising a substantially incompressible fhuid, and the dampening medium
applying dampening pressure to the piston rod that counteracts the pressurized gas
PIESSUre;

a channel configured to drain the dampening medinm from the compression
chamber;

a valve configured to closc or open the channel; and

an intraocular lons retaining portion comprising an intraccular fens for
insertion into an ¢ve of an animal and aligned with the piston rod such that the piston
rod pushes the intraocular lens from the intraocular lens retaining portion when the

piston rod moves from the retracted position toward the extended position.

6. The device of Claim 5, comyprising a slider configured to control the valve.
7. The device of Claim 6, wherein the slider is configured to change the cross

sectional area of the channel to control a rate that the dampening medium drains from the
compression chamber,

8. The device of Claim 6, wherein the slider is configured to change the cross
sectional arca of the channel based upon pressure applied fo the shider.

9. The device of Claim 6, comprising a sccond slider configured to change the
cross soctional arca of the channel to control a rate that the dampening medium drains from
the compression chamber,

[0, The device of Claim 5, wherein the chamnel 18 configured to drain the
dampening medium to a drainage chamber,

It The device of Claim 5, wherein the drainage chamber comprises a vacuum.

12, The device of Claim 5, wherein the pressurized gas device comprises a single
phase gas,

i3, The device of Claim 5, wherein the pressurized gas device comprises a
multiphase gas.

4. The device of Claim 5, wherein the multiphase gas is a doal phase gas
comprising a gas component and a liquid component.

15, The device of Claim 5, wherein the pressurized gas device is within a housing

that comprises the piston rod.
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te.  The device of Claim 5, wherein the pressurized gas device comprises a tubg in
fluid communication with a pressurized gas source located outside of a housing that
comprises the piston rod.

i7. The device of Claim 5, wherein moving the piston rod from the extended
position to the retracted position moves the dampening medium from the channel to the
compression chamber.

I8, A mecthod for discharging an intraocular lens from an intraocular lens
cartridge, the method comprising:

applying pressurized gas pressure to a piston rod;

applying dampening pressure to the piston rod that counteracts the pressunized gas
pressure;

moving the piston rod by reducing the dampening pressure;

inserting an infraccular lens into an eye of an amimal by using the piston rod to push
the intraoccular lens from an intraocular lens retaining portion.

i9. The method of claim I8, wherein the applying the pressurized gas pressure
comprises releasing pressurized gas from a pressurized gas device.

20, The method of claim 18, wherein the applying the dampening pressure
compriscs using a dampening medium to contact the piston rod in a compression chamber,
and wherein the reducing the dampening pressure comprises draining the dampening medium

from the compression chamber.
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