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Patent Application Serial No. 61/182,270, filed May 29, 2009, the entire contents

of which are incorporated herein by reference.

Technical Field of the Invention

The present invention relates fo an intraocular lens delivery system with a

multi-segment plunger. More particularly, the present invention relates to an

15 intraocular lens delivery system that includes a plunger comprised of a disposable

plunger tip segment that can be attached and removed from a reusable plunger base
segment.

Background of the Invention

20
The human eye functions to provide vision by transmitting and refracting
light through a clear outer portion called the cornea, and further focusing the image
by way of a lens onto the retina at the back of the eye. The quality of the focused
image depends on many factors including the size, shape and length of the eye, and

25 the shape and transparency of the cornea and lens.

When trauma, age, disease or other malady cause an individual’s natural
crystalline lens to become less fransparent, vision deteriorates because of the
diminished light which can be transmitted to the retina. This deficiency in the lens

30 of the eye is often referred to as a cataract. The treatment for this condition is
surgical removal of the natural crystalline lens and implantation of an intraocular
lens (I0OL).

While early IOLs were made from hard plastic, such as
35 polymethylmethacrylate (PMMA), soft, foldable 10Ls made from silicone, soft
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30 of the eye is often referred to as a cataract. The treatment for this condition is surgical removal of
the natural crystalline lens and implantation of an intraocular lens (TOL). While early IOLs were
made from hard plastic, such as 35 polymethylmethacrylate (PMMA), soft, foldable IOLs made from
silicone, softWﬁg VBYIR/138352PCT/US2010/035384 acrylics and hydrog&fs!Had1B@&site increasingly
popular because of the ability to foId or roll these soft lenses and insert them through a smaller
incision. Several metho f £l o folding the lenses are, used. ular eth d.is an injector
cartridge that foﬁ@ the ﬁ%§§‘ r(f)\a‘;lvtfe‘:s)e%or% %ﬁ%‘ieaém% P/o‘?gﬁl‘é%é ?‘3% qf?%ﬁllfh the lens
may be pushecﬁq}ﬂ@fﬁ@%ﬁgeﬁ’séﬁﬁﬁlﬁwﬁ et riacs i) @s@&ﬂﬂ}@c&?@@ﬁnd&‘@@élgn is
illustrated in UiB¢cthadsNd. Ali81g162 (Bditel|)thenttiseiudes assplit, Ongipodinallyhiteed tarkidge.

Other designs gfigdthistaierise Ynat '?@é@ft}&\éoﬁuéeé%ﬁ%e{?ﬂié439%?%1@? ingale) anddis- Pat.
Nos. 5616 14 and 620 /%15%11? hs etal?la enug29 ntent of which @6 incorporated herein
ot

by reference for%?l purpo S R e SRS SIS Y€ I‘-’L%Ha B t(Rheinish,
et al.), U.S. PaP o c8B9mYs ¢aes cHIgtiar ) etrides. ‘ﬁféitgﬂoiSSlﬁzﬁm@d(%nmﬁy,f’éﬁawothe entire
contents of whiich&lré(1acEpardtdandréiclogaeferaiite fongitudinphigesinkbd hamesdgid geOgirpically

preloade|0(l Withdagi 4 A8 Gl e rHREthas. Qafia@én%l %@vgrmyamm%eiamw thkngib &yg of a
mammal (e.qg., &% in and-piece
plunger within gﬁgﬁ%ﬁ@#ﬁfﬁ%g%ﬁﬁﬁ@?@% cﬁe ’to(% ’han gr%&?%%“té’%ﬁ@h&smg of
the hand-plecdraispERedih ﬁ‘ﬁﬁe@aFﬁfﬁ’&é“iﬁ‘aﬁ%eﬂhéB’rﬁE@bﬁﬁo aniBysiTacr0 g8 The
plunger can thégsadbathde HeSIRatldhy tha Tarmes GRbleenceriridgd. ant BidPthe ¥ye SATSNOL delivery,
the cartridge igReigally aem@fy&dﬁ@npshqmrsob@mwwmm% hangpigee:aarhefeusedmith a
different cartridge. . This ?Xi‘t’?ﬁ&mdg‘ﬁ%&%ﬂ%ﬂ%% b{er As,some drawbacks. 25As one exemplary
and-piece or and-

drawback, the plunger o e entlre plgclépmust typically be sterilized (e.qg., by
autoclaving) after delivery of an IOL. Such sterilization is typically required because the tip of the
plunger often enters e a@pettdgngsinspicaly gfrtheatidd with ined®Ietaid tietogicdl matter after removal

from the eye. Tathaigrikization @y aRkebeEaRrBOLINR SigNificant aMAWMs{S9. t'@%@fﬁgn‘}a”ﬁHE"t the
number of 'OLdéﬁb\é ig sft'aﬂ{ ﬁs’m ?Wﬂ@%@ﬂaﬁ&é’%@é’mgﬁﬁgﬁdes 4 DI %”Oége; xemplary

drawback, the ece zed'to accommo Uumeéen of a
particular cart é’é %gn E‘&) ger cartridge 1S attac ed to the hand-piece (e.g., to the housing

of the hand-piece) and then the tip of the cartridge can be inserted into an eye of a

20 mammal. The plunger can then advance the IOL along the lumen of the cartridge
and into the eye. After IOL delivery, the cartridge is typically removed from the
hand-piece so that the hand-piece can be reused with a different cartridge. This
system, while generally desirable, has some drawbacks.

25 As one exemplary drawback, the plunger of the hand-piece or the entire
hand-piece must typically be sterilized (e.g., by autoclaving) after delivery of an
IOL. Such sterilization is typically required because the tip of the plunger often
enters the eye during insertion of the JOL and it can retain biological matter after
removal from the eye. The sterilization process can require significant amounts of

3 time and can limit the number of IOL deliveries that can be accomplished in a
given time span.

As another exemplary drawback, the plunger of the hand-piece is typically
sized to accommodate the size of a lumen of a particular cartridge. If it becomes
35 desirable to use a new cartridge having a different size lumen, an entirely new
plunger or entirely new hand-piece must typically be employed to accommodate
that cartridge.



35 desirable to use a new cartridge having a different size lumen, an entirely new plunger or entirely
new hand-piece must typically be employed to accommodate that cartridge. As yet another

exemplary drawadi SREALIENAS AAOK-Aclier susiemahe s Radadiedse afanl ippngers

quite desirable, however, the reusable plungers associated with these types of delivery system are

often forr o HietiToR Eothb JtReP MBS AESHERAPana PROVAdif TR ANSthaRE®Rth a soft tip
can be praodsterasaticwith {heve ujgdseoduitd desigitentoapravide foplurhef foctah intsamewdrdens delivery
system whare thabRIUWNAS, AVRED meﬁi Qeimereefitheafaresnantionsd drawhagksand/or additional
drawbacks associated with conventlon | TOL delivery systems. Summary of the Invention

Accordingly, an embodiment of the present invention seeks to provide an improved plunger for use in
|OL delivery andtanwd@i belkyety dssitebichiaving ddeh alphgwydo Fheidehoenesysnerdaitetypically
include a@;@l&ﬁgm&%i@mﬁg&n@v@rwa ané g phvgeshendnara-chsperakle dRwegment and a

reusable ba Fﬁ ment ﬁglgosc(?gnée fct(gl% ng ger |5]Eyg rl‘,é‘l/I ly dIS osed within the housing
and movabl along ousmg e feusable segmen yplgaﬁ?’y mclgudes a fastening
mechanism at a dlstal end thereof When included, the fastening mechanism of the reusable segment
is typicallg wnpigiec @ heIa Gaitiyn The disposable segment typically includes an elongated body, a
fastening mechanism at a proximate end of the elongated body and a pushing surface at a distal end
of the elongated body. The fastening mechanism of the d|5{)osable segment, that that of the reusable

segment is typicAfyEPREEctBh eadiyehe bt drshcs dﬁ\‘fﬁi}tﬁi‘r’chée%téﬁlr@'?ﬁ%é‘ﬁlsm of the
reusable sagroent plates:with the projettidelorecavity it HOHisipbsabtessetgmantvadgharfastening

mechani Qéépeﬂiél%ﬁ%@!? w&?%fﬂﬁﬁi@%w%wﬂétﬁ?&%ﬁ%m@@Hdiglﬂlg/hﬁ%%%%t!&ﬁﬁhsposame
segment éhe reusabpg segm nt. Trl? Ion ated body and f in ectlo r cavity of the
disposabfPS SRS THEGr 1?3?%%%%8130 e%ﬂﬁl@‘gﬁﬁﬁ%a% ﬁilﬁ%%r%i fRlsi E?er?}bﬁ%enc material
preferablydgascatfiekiabimogulis obatdéast aseedvRatin th¢rilpn§fe§@mbmbmiﬂﬂ@h@ﬁﬁ the invention
the systemcan mﬂ&%ﬁhgr %@Q&@%ﬁb%égﬂ@ﬁ'ﬂgﬂ@@%@ﬂﬁi&% aneRp ng-at adistal end of the

cartridge h ernal r(tjpa is less than 4 m|II eters d/or a soft ush tip that
is ovei mél egon 0 eer% onw}tlea Ewdu n%’trtt]% sgg el rc]ﬁleo ccoré to ?naspée:t of the

present iryB B atﬁéﬂ@@@%?@@l@lé%ﬁd|s¥i&ﬁsél§l@Eﬂbkg@éﬂ}?@e@ﬁiéﬂﬁ’dﬂ‘éﬁ%irﬁb@lﬂ%ﬁ@ﬁ‘s delivery
system, tbedysmagttelﬁ@egmﬁﬁh@maﬂal@goﬁm@tlmgateﬂ hedydiamirg aqipxindatepeskiand a distal
end; a fagte A“%I‘S‘é’&&'% éﬁoﬁ‘%%@ée&éé;y é&%ﬁﬁ%%cﬂaﬁ d&gPé?% ?PSE'%%“ the

t the distal e

elongatecﬁ)r ,anda ng surface longate efein_ I. the

e|ongatecr%%%n%f¥@ﬁ.ﬁ5 B0 EcHBh!6r eGP hre .m@g K fnsraw%%.ﬂyéaﬁf&wmé‘}%*@ material; ii.
the fasteningameshanismiig corifigfrediingatembablypbefl Secumelybin degigicty, rattactwilie thisposable

segment {g glepzable @Avﬂge&s%géns%egm '@ygﬂ&wasﬂem %Li@ﬁ%gylﬁ%ﬂarﬁ&ﬂ librihgesingle
polymeric mat I has a flexuraij a(grt:}’ of at le st 350 0 g}g %another aspect of the
present nﬂ}é‘?ﬂ etﬁ%?@’?éltpfr% n ?ﬁ@gﬁ\ﬁ é’teﬁfﬁt‘mé}‘% SBBIR PG an
elongatedtusinyshbldsgemierigtiThs piung@tpﬁmﬁ]g @d@ﬁﬁ@@me pivisetioment aridta rdusable base

segment Wwherein]d. s%&%@ﬁ@iﬁté@ﬁmeﬁhm&@%ﬁ%ﬂﬂ,ﬁé isotiaReseshyvEhiN thepjaousinghand movable
along the Ieﬂgnh of th ho sin égg?fblgrgletgn%?ﬁé%%la%a %galﬁ}igg mechanism at a distal
end theredt i The Taster en| ?nerc nisi of the Teusable segmen IS a projection or a cavity; iv. the
disposable segment includes an elongated body, a fastening mechanism at a proximate end of the

elongated body ﬁngrafa{ﬂah Bgbsdiface: @Eahdi&tabﬁmhqh&@@m@ateﬁl&ledy,emhmci)f&smﬁm
mechanisg,of g, lisPosable:segmentis sIBieclon chea dhepralgaiian.onaanly of the

fastening mech anls e reusable seg ates with the projection or cavLﬁé ?%e disposable

segment BTRHERERERTARRhHERaE M rine WidhasAnnlimsisen: iadam st &l and rigidly,
fasten therdispasableseghretivigihel teukadlehseligrdrtid/ihalefelongated body and fastening
projection or cavity of the disposable segment are integrally molded of a single polymeric material; and
viii. the single polymeric material has a flexural modulus of at least 3500 MPa. WO
2010/138352PCT/US2010/035384 Brief Description of the Drawings  Fig. 1 is a perspective view of
an exemplary hand-piece and plunger of an exemplary IOL delivery system according to an aspect of
the present invention. 3




Fig. 2 is a magnified perspective view of an exemplary proximate end of an exemplary disposable
plunger segment of the IOL delivery system of Fig. I. Fig. 3 is a perspective view of an exemplary

pre-loaded 10L gartridgie,of A11ig O dsitviary, sysignyinaaenrdancewithenasneglpb i present
invention. Fig. 4 is a perspective view of an exemplary tool for mampu{#gastln% disposable plunger
segment WFAEEDHRREERAH iﬂra%‘béEfrB?‘fH@’b#@Q&H&h%‘ﬁ’tiéﬁ?’ti@ﬁ&% B ﬁ%gt%‘?%tf the

exemplaryotoptishfgigas Hemgptadetbtly nhanipglatethedEposebleplandetaegient fobtEigeg 1 and 2.
Fig. 6 is %F%@E%H%ﬁiy%ﬁéi&%oé j%%%e&ﬁﬂtpfo&f&gfn},whg&ﬁaﬁ%@w%%rmgﬁaﬁﬁgaiwide_dtyvith f
an exemplary soft tip in gccordance with an aspect o present invention. Detailed Description o
the Inven%l%‘?‘?’zﬁﬂ pré Hgiﬁggﬁﬁ%rﬁsﬂb‘?eﬁi%%ieﬁalﬁpoger;tﬁ%eeé%%%?%\()&g a ’d?giﬁ%rgérblel:s%ﬁment for a
plunger oflangtrddeedar kads (O ideliverieeyerenr Adviantagednsigraie asiduhbié segsent of the
plunger can gntei-the.eyRIoha mankRalskinainsemion ofslPid anddanrdban bea dispaged of after
such insertion rafier than fequiring stetilzation, The isgosapls, reamentof the lings (530
particular‘filf} desiranle for use with AR 101 geﬁ\(g?)l/ system that empldys &'sin s andﬁ)iece In
conjunctikagiiulepre delitaag ¥stThe aaftitgdaecHRBR BB R0 BEbIE U RS at 85I tions of the
IOL deliverydmystanm dhatpotentialiy:contact the eye can be disposed of subsequent to delivery of an

IOL. In such an embodiment, multiple disposable segments can, if needed or desired, be shaped or
35sized to correspond to the multiple different cartridges. Figs, 1-2 illustrate an exemplary

hand-piece 10 oP&FPENBA SRSIYICHANER) &sidih MSIERbrHNITRE RHIRES pie AT IR rfon. The

hand-piec¢attcdlar delivery system, the system comprising: an elongated housing having a
length; a plunger having a disposable tip segment and a reusable base segment wherein: 1.
the reusable segment of the plunger is disposed within the housing and movable along the
length of the housing; ii. the reusable segment includes a fastening mechanism at a distal
end thereof; iii. the fastening mechanism of the reusable segment is a projection or a
cavity; iv. the disposable segment includes an elongated body, a fastening mechanism at
a proximate end of the elongated body and a pushing surface at a distal end of the
elongated body; v. the fastening mechanism of the disposable segment is a projection or
cavity; vi. the pfojection or cavity of the fastening mechanism of the reusable segment
mates with the projection or cavity of the disposable segment of the fastening mechanism
of the disposable segment to releasably, but securely and rigidly, fasten the disposable
segment to the reusable segment; vil. the elongated body and fastening projection or
cavity of the disposable segment are integrally molded of a single polymeric material;
and viit. the single polymeric material has a flexural modulus of at least 3500 MPa.



WO 2010/138352PCT/US2010/035384 includes a housing 14 and a plunger 16 disposed within the
housing 14. The plunger 16 includes a disposable plunger tip segment 20 and a reusable plunger base
segment 2 %-Eg'ﬁ‘a §§Q&sable segment 20 has an elongated body 26 with-g/pEeyimatagand 28 opposite
a distal end 30. A fastening mechanism 34 is located at the proximate end 28 of the elongated body 26
and a pushing surface 40 is located at the distal end 30 of the elongated body 26. ioThe reusable
segment 22 hag R Ry 4B viiReastening mechanism 46 located at a distal end 48 of the
elongated body 44 Tn the embodiment shown, the fastening mechanism 46 of the reusable segment !
22 is a projection that mates with or is received by the faste[[ﬂg\? me(%hanigngn% ifnjtlhgrd(i)%%%sable
segment 20, which & dalitd. RFSWEGEYSitiS RoRteth pidtEPR e BIE0{Em mayhe reversed such
that the fastemimgplechiismelivtng siisporaisrosiymEmMniRRas b te BESERIORERER would mate
with or be received by the fastening mechanism of the reusable segment, which would be a cavity. 34.

As still another alterﬁg%i\?iseg agkmgg?rﬁgwl%eggap% cQupnelgRAiRIAIeeaRaa a cavity |

such that the projec of each fastenin chanism,m With ar Is recei in the cavity the
other fastenirRkFEIAEA RIS IE RIRSGISREMS %gﬁg}%ﬁé %a{g?éﬁis gS%ﬁ]rgcq*ﬁ 'mpé 34, 46
cooperatively form a twist lock connector. It will be understood that various different fastening
systems may be empjgyedsas jRpeastine wystest gﬁImptmjoqmt@&whdré@lanwgiaw,()éﬁ&ches the
disposable seggpeA1LI0 e (riisehle HAEREN R an s RRNAUB pridanabmausable segment 22

of the handpiecc™10 can rmed of a variety of materials and the materials for each component may
be the same or different. The materials of the housing 14 and the reusable segment 22.30 should be
durable and rigid. Skdb. rdatisrialspeasprsciueleyiffthe t?ﬁfﬁni%ﬁmlﬁ%té@lcg?ﬁrm@glﬁﬂ@ﬂ%h Rtrength
plastics. It is gggeialblPaieEdlechatthenaaterdistotitie reging 0f thagreissalbie Sdgnent 22 be
easy to clean, autoclavable (i.e., have a melting temperature greater than 100 C) or both. In a

prferred embocimep, thg housing 14 and e reusable SEARET A2 2/ med i sams matera

manipulate the disposable plunger segment of Figs. 1 and 2.
Fig. 6 is a perspective view of the hand-pieced of Fig. 1 wherein the plunger

has been provided with an exemplary soft tip in accordance with an aspect of the
a0 present invention.

Detailed Description of the Invention

25 The present invention is predicated upon the provision of a disposable
segment for a plunger of an intraocular lens (IOL) delivery system.
Advantageously, the disposable segment of the plunger can enter the eye of a
mammal during insertion of an IOL and can then be disposed of after such insertion
rather than requiring sterilization. The disposable segment of the plunger s

3 particularly desirable for use with an IOL delivery system that employs a single
handpiece in conjunction with muitiple cartridges. The cartridges can also be
disposable such that all portions of the IOL delivery system that potentially contact
the cye can be disposed of subsequent to delivery of an IOL. In such an
embodiment, multiple disposable segments can, if needed or desired, be shaped or

355 sized to correspond to the multiple different cartridges.

Figs. 1-2 illustrate an exemplary hand-piece 10 of an exemplary IOL
delivery system in accordance with the present invention. The hand-piece 10

4.



35material is a metal, most preferably stainless steel or titanium. The disposable segment 20,
including the elongated body 26 and the fastening mechanism 34 are formed of one or more molded
polymeric m@g%ﬂl % ;NO 2010/138352PCT/US2010/035384 but pref S éﬂgp}%r integrated
molded polymeric materlal The pushing surface may also be formed of t e mo ed polymeric material,
however, the pushing surface may alternatlvely be provided by a soft tip material, which is further |

described Qerﬁt he @%Q&aﬂgolrj@ﬁﬂ& iy RI ills] o R lispesahie ﬁEQHttﬁﬁiT ayspe filed or
unfilled and may inclu s addjtives st zers, to etc ed polymeric|
material is preI? ?1% CéH‘Hr% dSBPsao 2%%%) r&%lﬁeﬁﬁo %srre d lélt?)e F?np fia Feferred ‘

embodiment, h?éfrﬁéﬁmﬁl?é #aterial is a rigid plastlc material, which may be a thermoset materlal but .
is preferably a thermoplastic material. The rigid plastic material io preferably exhibits one or more ’

desirable tnechamcatﬂéotneﬁ%%&bt@ gt%ﬁteﬁtazotﬂesrtgtdeRJagﬁfem@&eyaimtaraabbfaaﬁtatﬂ%wal

TR U RN S e |

Flexura Se matérials can
be determrne&ﬂ@a?&@fdﬁ’ﬁc@%ﬁartﬁds Min76cneia e tﬁ%tlthlé?cl%?@lﬁlt shsstlisi¥laterial be
formed of a bietaidady theralmpatedtaidyidb.  Examplary preferred rigid plastic materials for the :
disposable segment include without limitation, polystyrene acrylonitrile butadiene styrene,

polycarbonate pon |m|deIn{:]e %/ 'da% po%g{ggﬁm%tegfoitplyeme%et

polybutylene terephtha at prop su phone I olymer, com matH?rQs thereof
or the like. &ﬁta‘@e I etttk ﬂlé%%féatﬂé% tghﬁcﬁ @o}?ﬁébpr%%ent thv8htion can
be rapidly anddarmbmﬂeneiﬁe@rmmwhb(&tg:cnmgcmhmided%ln@&mmusabbcmgwm@&nmore

reasonable in {pgresiafcerhaAthRiherigfligienciesdrasap aRViiERAsabIRsRaMENt far gagie IOL

insertion proc%dsﬂargsable segment 20, which is a cavity. However, it is contemplated that this

15 system may be reversed such that the fastening mechanism of the disposable
segment, which would be a projection, would mate with or be received by the
fastening mechanism of the reusable segment, which would be a cavity. 34.  As
still another alternative, each of the fastening mechanisms could include a
projection and a cavity such that the projection of each fastening mechanism mates

20 with or is received in the cavity the other fastening mechanism.

In the embodiment illustrated, the fastening mechanisms 34, 46
cooperatively form a twist lock connector. It will be understood that various
different fastening systems may be employed as long as the system releasably, but

35 securely and rigidly, attaches the disposable segment 20 to the reusable segment 22.

The housing 14 and the reusable segment 22 of the handpiece 10 can be
formed of a variety of materials and the materials for each component may be the
same or different. The materials of the housing 14 and the reusable segment 22

1o should be durabie and rigid. Such materials can include, without limitation, mefals,
ceramics and high strength plastics. It is generally preferable that the material[s] of
the housing 14 and reusable segment 22 be easy to clean, autoclavable (i.e., have a
melting temperature greater than 100 °C) or both. In a preferred embodiment, the
housing 14 and the reusable segment 22 are formed of the same material and that
15 material is a metal, most preferably stainless steel or titanium.

The disposable segment 20, including the elongated body 26 and the
fastening mechanism 34 are formed of one or more molded polymeric materials,

-5-



As an additional advantage, these disposable segments can be more easily provided with soft tips. In
particular, a relatively soft material may be overmolded 30 or otherwise located at the distal end of the
disposable s“efgmegfjtbgggferably, the soft tip material is adhered or otherV\{)is% r}ozr{}}-%%tagghably attached
to the material of the T8sf of the disposable segment. Such adhesion can Be A Haturar Adhesion

between the materials (e.g., natural adhesion occurring during overmolding) or an adhesive can 1
located betweg e upleipls. Gkl UaiIERA s din oo highalsoprevidsgiapushing
surface 62 for ugs ng%n OL. Th 2%%5“% a?t(égal Wlii%nca%exhlblt an e-ilé(iz}ngganon at brg ak of at
least 100%, nOFEHIFLYK, AtTRaR¢ b-and et/h PSSy R é%ﬁlﬁoﬁ%?r e Sfohgatiort' st break of
the soft tip mareskipe Sysleaty maYyw@eiEiy BoapHipd e mordttyiicEIRfeiisly rdash tian -6- WO
2010/138352 i THE S0P IR TB 00T HBuat Rled geilgmatibreakatai[bp ofetsurisossiderdance

with ASTM D-G38, Thesoft R magiarials wilhalse brically havaar slasiemasiniuseof fem about 100
psi to about 300 psi.at an elongation o 1((13%‘;/0 ang/or an elastic mo ultéa'ls.of frofna?g()'f}x'ze%t?o si to about
540 psi at an 8 8%@%8??’0‘?’5‘5%99}3?%8 S ?”5%0 ﬁi\%fiéjﬁyﬁ}}eﬁ’igféﬁ fE4e 85? ich ayly é_eswa le for \
pushing an IOneifedigh somPFEwIRIMERISHEELIE Aesimd dbrRtn dhadisivihebeditifeh.  The
soft tip can betfiermeddabi vatigtyiaf materigdsdsydhsts silisenal,elabiomenagombinafienstkereof or the
like. In a prefegred,embgdiment,dhe.3ait tpdR majsralis ARelasiomeric materalsyhicheay be
thermoset or ther, og]]astl g e soft tIIp mO%geélaslhsa ;ejld g(l: o b;,ga '0}8 é(l:%gg/ C?n;?a%'bzlﬁarE X mplary
potential f%ate’?fg_gﬁ%cﬂgg, it _o‘EH?ir%itgjtlon, setyrenlc O0CK Copolymers, po‘Iyo]} ih blends Pos),
elastomeric aliigig, piskincprstiel RiGraiinhes trituyakresdidpraetiatdspslyelibracaanadt@imoplastic
polyamides. 13MPa)ittroedeirgmicallp EigiedsitHér606 iMBratedramexe myplanliyartritgst 780 j60diccordance
with the preseRipRveiioRen BescHiideee48: hasoadumen. 7 2iexeRone R ESHeRI e iard the

lumen 72 is pre-loaded.with. an.IOL 73. The cartridg en 72 extend fro roximate end
74 of the cartrl(}&aeg?(()a%e%ﬁ%?g] end%6" 78 5t %ﬁé&_j‘cé@‘rgﬁ@ﬁ#@hg égr%rlsggg,re%nlar‘%%gé@)gﬁﬁp 80 at its
distal end*76 é?ﬁidtlﬁ’éaﬁ'ﬁ‘fﬁé‘??‘ﬁlé;(m%m@ﬂk?é@?‘q#ﬁé‘?@%@ed’éﬁ%r@herein to include any

portion of the cartridge 70 that is inserted within an eye during insertion of an 101, within that eye.

Preferably, th% maXi@ﬂﬁiﬁaﬁlﬁf?eé%ﬁﬁrl‘ém%g?& ﬂP&S@i’ﬁ naeansdicufar tmw@ﬂmﬁb(é)s@gmﬂttgle tip 80
is no greater than 7 millimeter (m more_typi o greater. t ev sibly no
greater than 41%}%.%’ 1e%hc(§% ric? 1%11?2%%%/ bpe#g%?ﬁg%g’f r%llﬁ%t%eﬂﬁ% r_enlgtmm}t'%g%gl?;1Is.(E a?ﬁ?eferred

5
1
Iffe
embodiment, PRXEHRRIGEST0 isHOMRBULS a poyIBdmatenal Yitherimide,  polyarylami
20 polyetheretherketone, polybutylene terephthalate, polypropylene, polysulphone,

liquid crystal polymer, combinations thereof or the like.

Advantageously, multiple disposable segments according to the present

invention can be rapidly and inexpensively molded (e.g., injection molded). In

25 turn, it becomes much more reasonable in terms of cost and other efficiencies to
use a new disposable segment for each 10L insertion procedure,

As an additional advantage, these disposable segments can be more easily

provided with soft tips. In particular, a relatively soft material may be overmolded

30 or otherwise located at the distal end of the disposable segment. Preferably, the
soft tip material is adhered or otherwise non-detachably attached to the material of

the rest of the disposable segment. Such adhesion can be a natural adhesion
between the materials (e.g., natural adhesion occurring during overmolding) or an
adhesive can located between the materials, Fig. 7 illustrates such a soft tip 60,

35 which also provides a pushing surface 62 for pushing an IOL. The soft tip material
will typically exhibit an elongation at break of at least 100%, more typically at least
200% and even possibly at least 400%. The elongation at break of the soft tip
material is typically no greater than 1500% and even more typically no greater than
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30 preferably, a polypropylene material. The cartridge 70 may also be disposable. Examples of
cartridges that could be used in conjunction with the present invention are described in U.S. Patent

Nos. 6,398,%;%?203?7}%?3991, 6,083,231, and 5,947,975 al! of which are .in%ﬂgg%q%gggggn by refer.ence
for all purposes. e plunger of the present invention is used to assist in the delivery of an IOL into

an eye. The disposable segment of the plunger is releasably, but securely and rigidly, attached to the

reusable seqmeitior dEPLngElIherIARKAYR R AdRRL AINGIERRHS PAIND.Aotsng the |
cartridge or or movin . 0 eye.rhereafter,
the disposablg‘&%%éﬁ%lﬁf’é?%ﬁ?ﬁ}ﬁM?%Pe%ﬁg SRR %i%fstgb?éosgggg)%é}%t%% ?sgﬂ%ﬁ%areferably
properly disp@sédooboutr3d peiratarckongdinmeht iN0Lk ardiaon mgdagts medpleeriiiMechanisms
34, 46 of the dispastligsegrabot2ionsitheaeuRatystisagnéni 22 afechatsl wps mateqiatticularly,
twist locked. The carfridge 70ishentieehasl dorthe,nouningd 4dn 2lign s Dhafdwithiths plunger
16. The tip 80 of th%'c _ trida%l? 7% IS thrééQserrtﬁaéj ing%aenlinci(%slion in the eye. The plunger 16 is
advanced aloﬁ’fj‘(fﬁé Bt (Eﬁ Oﬁlguging f&lané{%e Peng‘;lm of the cartridge 70 to push the IOL 73
along 10 the lumen 72 until it is released out of the tip 80 into the eye. The cartridge tip 80 is then
removed from the ingisiondfilsipedany enformatof tiieacartridiye 70 fnoterihls suobirng 14lmoedaemoval of

the disposable;segment20-sam: hesarsablesaameet 32 JheiscosaioGaumEThuatiihen be

properly disposed of 15A toql may be provided, far. exampl i Wi mkination of the
handpiecg, th@%ﬁ%ﬁ%isgb% s%asﬁ:r?leﬁ] nacngl%%%dr}ﬁgﬁehe,l% aggﬁﬁl&é%%éiqﬁgq gﬁ@%ﬁ%ﬁ%ﬁinqﬁﬁe
disposable setffietipfronierial shoalle daghenkiPrsieallyy catiddtiblt is %Yﬁ?éﬂl?fﬁ’tﬁ@?é%@ ora
similar materiatasrihB disposable thegmiénitatidns stysthiddoshivlepdty merh, avkaibbdibiendsthe tool
can be used tpagsist iB1atiaciRg ANkl dataelipadhe dsnesahismssomenisiomdehadplsable

segment and can then be praperly disposed of.in the same fashion as the disposable segment.
With referencgqgoli?rgéeﬁsa%@ %,E%Pr%ng gar%%(fé%?/ téor g%%s illustrated. As can be seen, the tool 90
includes & shaped cavity 92 (e.g., a hex shape cavity)

With reference to Fig. 3, there is illustrated an exemplary cartridge 70 in
accordance with the present invention. The cartridge 70 has a lumen 72 extending
down its length (L) and the lumen 72 is pre-loaded with an IOL 73. The cartridge
70 and lumen 72 extend from a proximate end 74 of the cartridge 70 to a distal end

20 76 of the cartridge 70. The cartridge 70 includes a tip 80 at its distal end 76 and the
Tumen 72 extends along the tip 80. The tip 80 is defined herein to include any
portion of the cartridge 70 that is inserted within an eye during insertion of an IOL
within that eye. Preferably, the maximum diameter of lumen 72, taken
perpendicular to the length (L), within the tip 80 is no greater than 7 millimeters

25 (mm), more typically no greater than 5 mm and even possibly no greater than 4
mm.

The cartridge 70 may be formed of multiple different materials. In a
preferred embodiment, the cartridge 70 is formed of a polymeric material and more
30 preferably, a polypropylene material. The cartridge 70 may also be disposable.
Examples of cartridges that could be used in conjunction with the present invention
are described in U.S. Patent Nos. 6,398,789, 6,143,001, 6,083,231, and 5,947,976
all of which are incorporated herein by reference for all purposes.

35 The plunger of the present invention is used to assist in the delivery of an
IOL into an eye. The disposable segment of the plunger is releasably, but securely
and rigidly, attached to the reusable segment of the plunger. Then, the plunger is
advanced along the length of the housing, the cartridge or both for moving the IOL
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25 corresponding to a hex shaped portion 94 (e.g., shown as the proximate end) of the disposable
segment 20. The hex shaped portion is received in the cavity 92 and the tool 90 can then twist the

disposable attach or detach that segment 20 from the reu ?:?.I 2. 30The
plunger 16 ﬁg%}g% V%Srt]%ed during IOL delivery through manual pushing%o @%%%%%%e or through

the used of twistable threaded mechanisms. Plungers have been advanced using these techniques in

products suchigs the MONARGHE SYatm bk iscammerciabyayalahie. iom adogp-aporatories,
Inc., Fort Worth, Texas. 35  Thraugh use (ifthéej s;és em glféhe}g)rege?t invention, a first disposable
plunger segmé%’fsgiﬁf ?ﬁgé%‘?%ﬁ?a Iér%}%lo‘i’ﬁ? ?ﬁ%, 3 AFePH8ol SHBHSFA first cartridge can be used in
conjunction with a hand-piece as described above for delivery of a -8- WO 2(110113
8352_PCT/US_2010/0353% fiqﬁrt@hl?ifh@Imlibeliﬁtsmdi$kbﬁ$ﬁi1l&lplimgﬁ'rgsegtném,ﬂbbe fasit:homg and/or
the first cartridge ganibe replagedwith ampeend dispesallo @ Mnoek. 3are80daghaRdor asecond
disposable cartrl(g%, Whlchecagr% Lfgﬁ%\g&hs% %C?(%@eﬁand-gi?geet%t.\év dsedin ¢ r%ugl%tlon with
the first segmé’?ﬁ, ( Sl aRtfct Ear Hdoe elliv_er & sécontt 51 .r‘g A_d\l/anta eousR/, the diSposable
segment of th&PIsgeldsealiss: B wiithithe plneeinpladiibn §f}e€ﬁg o cnisideR el soft tips
can be more effeéhtivehysatiatived tothectdisposatie spgméhtsfomhasttembddimentslohgthsoft tips
are 10 desirabig, (¢ IMCHEUMSIANC a8 MASTRABM dRMEtEs A dbe TarsidaenqRenng iBsmal.- Itis also
contemplated gt s dif6rant siaed.disossple SEAMENI MY be USPAWIN slagle fand-piece
(ﬁﬂe Advant s?y, S

. 1
to deliver'fOLs Using cartfidges aving differently sized Tumens. Advaritageou egments can be

specifically siZEdRedsresseriion the insisientie Lnuedibmesraotal of thecuitidzedhding drall cited
references in thisdigc|bb et aenspedificalye idoppetdtest paein 1Y feferehcachiabheseginent an
amount, concentraniond RpSheT\Rike &ft A 3Faien SO aseliigsr datge, preferred range, or a list
of upper preferable values and lower preferable values, this is to be understood as
15 A tool may be provided, for example as part of a kit with any combination of
the handpiece, the disposable segment and the cartridge, to assist in attaching and
detaching the disposable segment from the reusable segment. Preferably, such fool
is formed of the same or a similar maferial as the disposable segment and 1s itself
disposable. In such an embodiment, the fool can be used to assist in attaching and
20 detaching the disposable segment from the reusable segment and can then be
properly disposed of in the same fashion as the disposable segment.

With reference to Figs. 4 and 5, an exemplary tool 90 is illustrated. As can

be seen, the tool 90 includes a shaped cavity 92 (e.g.. a hex shape cavity)

25 corresponding to a hex shaped portion 94 (e.g., shown as the proximate end) of the

disposable segment 20. The hex shaped portion is received in the cavity 92 and the

tool 90 can then twist the disposable segment 20 to attach or detach that segment 20
from the reusable segment 22.

30 The plunger 16 can be advanced during IOL delivery through manual
pushing of the plunger 16 or through the used of twistable threaded mechanisms.
Plungers have been advanced using these techniques in products such as the
MONARCH® system, which is commercially available from Alcon Laboratories,
Inc., Fort Worth, Texas.

35 .

Through use of the system of the present invention, a first disposable
plunger segment and, in particular embodiments, a first tool and/or a first cartridge
can be used in conjunction with a hand-piece as described above for delivery of a
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20 specifically disclosing all ranges formed from any pair of any upper range limit or preferred value
and any lower range limit or preferred value, regardless of whether ranges are separately disclosed.

Where a range %{1{}1}#5@ ﬂ'cal values is recited herein, unless otherwise stg%ggglg%?%%is intended to
nts nge. Itis no

include the endpoints thereof, and all integers and fractions within the ra intended that the

25 scope of the invention be limited to the specific values recited when defining a range.

embodimentsgtfhe presaah inKeNtiap ayilhbs: SRAMENRLICs ARG skillediniths, pr-iRIm EenBigeration of
ation and practice of. epresegt OInV%riltIOT disclosed heg—;n. lt |sdptended that
e A SRS YL aoiestnid dirngeanle slnees, £ Reepid ol didbes

a true scope and spirit

the present specifi

the present sﬁgﬁﬂ

C
sidere S exe

Other

of the inventicit4seth ¢ insiesitbacspttiteroshifty emiftsuard wilivhferrm tradristoiy 16/ 38352 We|

Claim: PCT/Us2010/635388dion wittAthisfiesableplongesitimdagrantifigeaio ibkttevecalaedens delivery
system, the digposable segment comprising: an elongated body having a proximate end and a distal
end; a fastening mechanism, which is a projection, a cavity or both, at the proximate end of the

elongated body; and a pushing surface at the distal end of the elongated body; wherein:

13

20

25

30

Advantageously, the disposable segment of the plunger does not have to be
sterilized after implantation of an I0L. Moreover, soft tips can be more effectively
attached to the disposable segments for those embodiments where soft tips are
desirable (e.g., in circumstances where the diameter of the cariridge opening is
small). It is also contemplated that multiple different sized disposable segments
may be used with a single hand-piece to deliver 10Ls using cartridges having
differently sized lumens. Advantageously, the segments can be specifically sized
to correspond to the differently sized lumens.

The entire contents of all cited references in this disclosure are specifically
incorporated herein by reference. Further, when an amount, concentration, or other
value or parameter is given as either a range, preferred range, or a list of upper
preferable values and lower preferable values, this is to be understood as
specifically disclosing all ranges formed from any pair of any upper range limit or
preferred value and any lower range limit or preferred value, regardless of whether
ranges are separately disclosed. Where a range of numerical values is recited
herein, unless otherwise stated, the range is intended to include the endpoints
thereof, and all integers and fractions within the range. It is not intended that the
scope of the invention be limited to the specific values recited when defining a
range.

Other embodiments of the present invention will be apparent to those skilled
in the art from consideration of the present specification and practice of the present
invention disclosed herein. It is intended that the present specification and
examples be considered as exemplary only with a true scope and spirit of the
invention being indicated by the following claims and equivalents thereof.




i.the elongated body and fastening projection or cavity are integrally molded of single polymeric
material; the fastening mechanism is configured to releasably, but securely and rigidly, attach the
djsposable swmfigggsgeusable plunger segment of the intraocular Iens%e,{ljv{%r ]%%em; and lsiii.the
single polymeric material has a flexural modulus of at least 3500 MPa. . {A\Ldzlsposa%% segment as
in claim 1 wherein the fastening mechanism is a cavity that lockably receives a projection extending
from the reusable segypanfagf): 3. A disposable segment as in claim 1 or 2 wherein the pushing
surface is provided by a soft push tip that is overmolded onto the elongated body at the distal end
thereof 254.A disposable segment as in claim 3 wherein the soft push tip is formed of a material
having an elongationlat brefk §paPTaRk% Phaeger tip segmerbhdenma degansrlasimcidrtivery, 3 or 4
wherein the singtéeepoithadikpnsatdriabpnzethermgplsstic material and has a flexural modulus of at least

30 30,000,MPa.  GnAjdinpRsableSouvRR Apiskanyekine preseting clams wherein the disposable
segment forms a kit i %gsrg' ri]ction with a dispo?la le toal that is used to attach ang dtﬁtach e

z h
i 8egment and/or & Qg‘@gﬁ%ﬁ@ %hg?YS% atichabie &hd'Getachable

disposable segment from t & reusable segmen
from the handpfe&draie Rrdatdbe slerdairrby &ystBrh, the system comprising: an elongated housing
having a length; a pushing surface at the distal end of the elongated body:;

wherein:
16 i the elongated body and fastening projection or cavity are integrally
molded of single polymeric material;
ii. the fastening mechanism is configured to releasably, but securely and

rigidly, attach the disposable segment to a reusable plunger segment
of the intraocular lens delivery system; and

] iii.  the single polymeric material has a flexural modulus of at least 3500
MPa.
2. A disposable segment as in claim 1 wherein the fastening mechanism

is a cavity that lockably receives a projection extending from the reusable segment.
20
3. A disposable segment as in claim 1 or 2 wherein the pushing surface
is provided by a soft push tip that is overmolded onto the clongated body at the
distal end thereof.

25 4. A disposable segment as in claim 3 wherein the soft push tip is
formed of a material having an elongation at break of at least 200%.

3. A disposable segment as in claim I, 2, 3 or 4 wherein the single
polymeric material is a thermoplastic material and has a flexural modulus of at least
3¢ 30,000 MPa.

6. A disposable segment as in any of the preceding claims wherein the
disposable segment forms a kit in conjunction with a disposable tool that is used to
attach and detach the disposable segment from the reusable segment and/or a

35 cartridge that is attachable and detachable from the handpiece.

7. An mftraocular delivery system, the system comprising:
an elongated housing having a length;
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and movable,2japg, thgslength of the housing; 5ii.the reusable segment ingluges.a fasiening

mechanism at a distal end thereof; iii. the fastening mechanism of the reusable segment is a projection
or a cavity; iv. the disposable segment includes an elongated body, a fastening mechanism at a

echhegly andiapyiabina s Hase altasistal pndpfheaelorggiasibody; v.

ﬁ%?*

proximate end of the,ejg
the fastening mgchanism
WNET: <

5

20

25

30

33

il.

iii,

v.

vi,

vii.

Viil.

g

el 514 SBEEnP I Bl
esabieosahnehing thelrmgdabltse gmemg;

the reusable segment includes a fastening mechanism at a distal end
thereof;

the fastening mechanism of the reusable segment is a projection or a
cavity;

the disposable segment includes an elongated body, a fastening
mechanism at a proximate end of the elongated body and a pushing
surface at a distal end of the elongated body;,

the fastening mechanism of the disposable segment is a projection or
cavity;

the projection or cavity of the fastening mechanism of the reusable
segment mates with the projection or cavity of the disposable
segment of the fastening mechanism of the disposable segment to
releasably, but securely and rigidly, fasten the disposable segment to
the reusable segment;

the elongated body and fastening projection or cavity of the
disposable segment are integrally molded of a single polymeric
material; and

the single polymeric material has a flexural modulus of at least 3500
MPa.

A system as in claim 7 further comprising a cartridge fastened to the

housing wherein the cartridge includes an opening at a distal end of the cartridge
and the opening has a maximum internal diameter that is less than 4 millimeters.

9.

A system as in claim 7 or 8 wherein the fastening mechanism is a

cavity that lockably receives a projection extending from the reusable segment.

10.

A system as in claim 7, 8 or 9 wherein the pushing surface is

provided by a soft push tip that is overmolded onto the elongated body at the distal

end thereof,

11.

A system as in claim 10 wherein the soft push tip is formed of a

material having an elongation at break of at least 200%.

-11-

a plunger having a disposable tip segment and a
reusable base segment wherein: i.the reusable segment of the plunger is disposed within the housing

13 the disposable segment is a projection or cavity; vi. the projection or cavityf
of the fastening mec%‘anism of the reusable 15se%ment mates with the projection gggé/k? of the :
H

disposable segmentlof the B&ERYIHSCBHIFRNP

Bt securely
and rigidly, fasten the disp



vii. the elongated body and fastening projection or cavity of the 20disposable segment are integrally
molded of a single polymeric material; and viii. the single polymeric material has a flexural modulus of
at least 3500 IMP a . 258.A system as in claim 7 further comprising a cartridge fastened to the housing
wherein the cartridge includes an opening at a distal end of the cartridge and the opening has a
maximum internal diameter that is less than 4 millimeters. 9. A system as in claim 7 or 8 wherein
the fastening mechaniktn is & 3YHavItpLHAtIEERRBlY SeBelR o Projberein dxecsiamlg noymericreusable
segment.  1GnAesiybtan abdrmalplaric SnatRiwineréindhe fleshing swdane ishiovded3naesoft push
tip that is overmgjsled onto the elongated body at the distal end thereof 35 12. A system as in
claim 7, 8, 9, 10 or 11 wherein the single polymeric material is a thermoplastic material and has a
flexural modulus of at least 30,000 MPa. 13. Asystem as in claim 7, 8, 9, 10, 11 or 12 wherein the
disposable segment fddns akisksiconjahdtoraiih7a disPodabléanl iRanbearsiad the atisprsained detach
the disposable segrraintbiom HRirensARRseUMaNBNIREATINE that is alachaliednsd
detachable fror@éﬁ%}pﬁfkdﬁigﬁgsable segment from the reusable segment and/or a cartridge that is

attachable and detachable from the handpiece.
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