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The quality of the focused image depends on many factors including the size, shape

and length of the eye, and the shape and transparency of the cornea and lens. When
trauma, age or disease cause the lens to become less transparent, vision deteriorates
20  because of the diminished light which can be transmitted to the retina. This
deficiency in the lens of the eye is medically known as a cataract. The treatment for
this condition is surgical removal of the lens and implantation of an artificial lens or
IOL.
While early IOLs were made from hard plastic, such as
25 polymethylmethacrylate (PMMA), soft, foldable IOLs made from silicone, soft
acrylics and hydrogels have become increasingly popular because of the ability to fold
or roll these soft lenses and insert them through a smaller incision. Several methods
of rolling or folding the lenses are used. One popular method is an injector cartridge
that folds the lenses and provides a relatively small diameter lumen through which the
30 lens may be pushed into the eye, usually by a soft tip plunger, such as the one
described in U.S. Patent No. 4,681,102 (Bartell), which includes a split, longitudinally
hinged cartridge. Similar designs are illustrated in U.S. Patent Nos. 5,494,484 and
5,499,987 (Feingold) and 5,616,148 and 5,620,450 (Eagles, et al.). Other cartridge
designs include, for example, U.S. Patent No. 5,275,604 (Rheinish, et al.) and
35 5,653,715 (Reich, et al.).
It is desirable for any combination of cartridge and handpiece used in an
intraocular lens delivery system to be comfortable and intuitive for the surgeon to use.
An intraocular lens delivery system with a good “feel” for the surgeon can improve
the ease and success rate of surgical procedures in which the intraocular lens delivery

40 system is employed.
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20 Other objects, features and advantages of the present invention will become
apparent with reference to the drawings, and the following description of the drawings

and claims.

Brief Description of the Drawings

25
FIGURE 1 illustrates an intraocular lens delivery system according to a
particular embodiment of the present invention;
FIGUREs 2A and 2B show different views of a plunger according to a
particular embodiment of the present invention; and
30 FIGURE 3 is a flowchart showing an example method of manufacturing an
intraocular lens delivery system according to another embodiment of the present

invention.

35
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enbodi q?nt s, 1 h?ng ib1& elnmoﬁ%e?l{s Bl%déﬁtn]e %Je%}/bp(ﬂ/ (ﬁrrq%gib@%rﬂled as a
single piece from a suitable material, which may include, for example, polypropylene
or polyethylene. In other embodiments, the injector body 102 may be formed by
coupling part of a reusable handpiece that forms a continuous bore 104 to a disposable
cartridge holding the intraocular lens having a nozzle portion for injecting the

20 intraocular lens through a surgical incision. Various embodiments may also include a
lubricious coating within the bore 104 of the injector body 102 to facilitate
advancement of the intraocular lens. However, one difficulty with previous
intraocular lens delivery systems is that the plungers may also slide too easily within
the bore 104, thus removing any real tactile feedback during advancement of the

25 intraocular lens. Particular embodiments of the present invention provide a solution
to this difficulty by producing a resistance to advancement of the plunger 200, as
described in greater detail below.

The plunger 200 pushes the intraocular lens by advancing a shaft 202 of the
plunger 200 through the bore 104. Coupled to the plunger 200 are two deflectable

30  members 204 on opposite sides of the plunger 200. FIGUREs 2A and 2B show
additional views of the deflectable members 204 of FIGURE 1. In the depicted
embodiment, the deflectable members 204 are arc-shaped, resilient extensions from
the shaft 202 of the plunger 200. The peaks of the deflectable member 204 are
configured to contact and to be deflected by an inner wall of the injector body 102

35 when the plunger 200 is placed within the bore 104. The resulting force from the
deflection of the deflectable members 204 helps to position the plunger 200 within the
bore 104 so that the shaft 202 of the plunger 200 is reliably oriented relative to the
intraocular lens. The deflectable members 204 also fit sufficiently tightly within the
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20  lower resistance to advancement).
The deflectable members 204 can be formed separately from the plunger 200
or formed simultaneously as a single piece with the plunger 200 from a selected
material suitable for use in ophthalmic applications, e.g., polypropylene. Forming the
plunger 200 with the deflectable members 204 as a single piece has an advantage in
25 reducing the number of manufacturing steps using techniques such as injection
molding. The resistance force created by the deflectable members 204 can then be
adjusted by varying the shape of the deflectable members 204 with respect to a
selected material, so that plungers 200 with characteristic resistances can be produced.
Alternatively, the same shape for the deflectable members 204 could be used with a
30  variety of selected materials of different resiliency. In general, any adjustment known
to be suitable to change the resistance of the plunger 200 to advancement may be
employed.
Multiple deflectable members 204 placed along the plunger 200 could also be
used to help the stability of the plunger 200. Thus, for example, one pair of
35 deflectable members 204 could be placed closer to a distal end of the plunger 200
(“distal” in this context referring to an end of the plunger 200 configured to be placed
nearest the incision during lens injection), while another pair is placed nearer to a
proximal end (“proximal” referring to the end farthest from the incision during lens
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the intraocular lens delivery system 100 is manufactured. Suitable manufacturing

20  techniques may include injection molding, press formation, lathing, or any other
technique known for forming the material in the art.

In a variation of the method presented above, multiple plungers 200 for
intraocular lens delivery systems 200 with different resistances can be manufactured
by selecting different forces at step 302. In particular embodiments of this variant

»s  method, step 302 may include selection of multiple resistance values based on
considerations similar to the ones described above to provide for different surgical
needs. Likewise, multiple designs for the deflectable members 204 may be
determined that correspond to the different resistances, and step 306 would then
include the manufacture of multiple plungers 200 along with injector bodies 102 that

3  may be either common to the various plungers 200 or customized to work with
plungers 200 having particular deflectable members 204. Although this particular
variation has been described in detail, it should also be understood that other
variations to the manufacturing method consistent with the description of the various
embodiments of the intraocular lens delivery system 100 described herein could aiso

35 be employed.

While certain embodiments of the present invention have been described
above, these descriptions are given for purposes of illustration and explanation.
Variations, changes, modifications and departures from the devices and methods



to be suitable to change the resistance of the plunger 200 to advancenent
may be enployed. Miltiple deflectable nenbers 204 pl aced al ong the plunger
200 coul dwel2sm/taesiesed to help the stability of the pl urgerus2@0/37Bhus, for
exanpl e, one pair of deflectable nmenbers 204 could be placed closer to a
distal end of the plunger 200 ("distal" in this context referring to an end
of the pl udielosedodore mayghe adepted Wwiehoyt deragturselipradpe s¢0RS NS PERur i ng | ens
i nj ection) invahiidreas@n@héer pair is placed nearer to a proximl end
("proximal" referring to the end farthest fromthe incision during

| ensinjection). Such configurations of deflectable nenbers 204 can help to
keep the plunger 200 aligned within the bore 104 as it is advanced. FIGURE
3is a flowhart 300 illustrating an exanpl e net hod of manufacturing an

i ntraocul ar |l ens delivery system 100 according to a particul ar enbodi nent
of the present invention. At step 302, a desired resistance to advancenent
of a plunger 200 for the intraocular |ens delivery system 100 is

determ ned. The desired resistance may be deternm ned based on a survey of
physi ci ans using various designs, force nmeasurenments of |ens delivery
systens used by the physicians, theoretical calculations based on the
overall sources of resistance in the system 100, or a conbi nations of these
t echni ques and/ or any other suitable techniques for determ ning the val ue.
At step 304, a shape for at |east two defl ectable nenbers 204 is determ ned
so that the deflectable nenbers 204 hold the plunger 200 wthin the bore
104 and provide the predeterm ned resistance to advancenent of the plunger
200. The defl ectabl e nmenbers 204 nay be designed according to any of the
vari ous consi derations described above, including consideration of the
material for the deflectable nmenbers 204 in determ ning the shape of the
defl ectabl e nenbers 204. Steps 302 and 304 nmay al so be repeatedly
iteratively, such as particul ar designs being made and eval uated by
physi ci ans provi ding feedback used in the next design iteration. Finally,

at step 306, the intraocular lens delivery system 100 i s manuf act ured.
Sui t abl e manuf acturi ng
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advancement of the plunger is based on a survey of a plurality of physicians.

4. The system of Claim 1, wherein the plurality of deflectable members
comprises a first pair of deflectable members and a second pair of deflectable members,

wherein the first pair is closer to a distal end of the plunger than the second pair.

5. The system of Claim 1, wherein the plunger and the plurality of

deflectable members are formed as a single piece from a material.

6. The system of Claim 5, wherein the material is selected from

polypropylene or polyethylene.



menbers, when inserted within the injector body, contribute to producing a
predeterm ned force resisting advancenent of the plunger when deflected in
t he bore.wd.2ola4mgstem of Claim1l, wherein the defl ect ablrassowewiosrsss ar e
arc-shaped and configured such that a peak of each arc-shaped defl ectabl e
menbers contacts the inner wall. 3. The systemof Caim1l, wherein the
predet er m ned. f or @¢ fethodt iofig nexivifaomeine ntn ofnttabenlpd Usgerddlivetyasgsieron a
survey of a plurality of physicians. 4. The systemof Caim1l, wherein the
plurality of “GBPI'& ®abl e menbers conprises a first pair of deflectable
nmenbers and alewenonng paicsisehcaléfrbete abyancerseiedfsa plimepie vithithan fAUEEPr pair is

cl oser t I: wdian the second pair. 5. The system
of C ai rlﬁ%g?h%gé g:bﬂl%{hﬂggg?&éa%ﬁngﬂgét%e’ lurality of defl ect ab({ %P gﬁﬂber S

un

are formed asleterminieg & Eh@éefgolf rio iyl @ Aghlectips mperabery GOORFH? ™ 5,
wher ei n Jifie PRl eilRleflct ke tleesluliged s REdivar wilinaneber oftheiejdoior dody 7. A
nmet hod of rrangf acturin anlbelr nt(ri%oculé'}i;l l.ens del i ver system conpri sing:
det er mi rif AEEDHELP BYOdHEDS th red F Gt SR 196 £'%I unger within an

i nj ect or bodymirAicaging doineaswalardensiislivey systemringndinglthe ingrstasbeinithy a
shape for._a pluralit [ ers connected to the plunger that
will defHI‘é‘lﬁeE\EHQﬁ“if?%ra%}yu%g‘{éelrﬂ%?ﬁsﬂgﬁg?g?%d within the bore of the injector
body to contribute to producing the predeterm ned resistance force; and
manufact uri ng an 'THJ@%HH%? 1505 706 hérder the ¥ALRIDIE RN retdeshapeect or
body, the plunger, and the pl urallt)(1 of geflgfetl ntg rrenberes. 8. . The, met hod
of O ai e, copfianis pueh dhater pealt abrachnarrishaned gedlegiphle SHembers AB1RESHPF gur ed
such thahn& wepk of each arc-shaped defl ectabl e nenbers contacts the inner
wall. 9. The nmethod of Claim?7, wherein the predeterm ned force resisting

9. The method of Claim 7, wherein the predetermined force resisting

advancement of the plunger is determined based on a survey of a plurality of physicians.

10.  The method of Claim 7, wherein the step of manufacturing the intraocular
lens delivery system comprises forming the plunger and the plurality of deflectable

members as a single piece from a material.

11. The method of Claim 10, wherein the material is selected from

polypropylene or polyethylene.

12. The method of Claim 7, wherein:
the predetermined force is a first predetermined force;
the intraocular lens delivery system is a first intraocular lens delivery system with
a first plurality of deflectable members; and
the method further comprises:
determining a second predetermined force different from the first
predetermined force;
determining a shape for a second plurality of deflectable members
connected to the plunger that will deflect when the plunger is received within the bore of

the injector body to contribute to producing the second predetermined resistance force;

and



advancenment of the plunger is determ ned based on a survey of a plurality
of physicians. 10. The nethod of Caim?7, wherein the step of manufacturing
t he i ntrawowbewi4kzmns delivery system conprises form ng rhe/ystamwgers7and t he
plurality of deflectable nenbers as a single piece froma material. 11. The
met hod of Claim 10, wherein the material is selected from pol ypropyl ene or
pol yet hyl ene. 12. plhefariingda Gbcdddainiadsulmhrneidalivérhesystead eicdudingneie f or ce

i first . termned f ; b.nt Lar, | i tem i
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defl ectabl e nenbers; and the nethod further conprises: determining a second

predet er m neq:,)}c or %e?%%tﬂ(gdgglg%?%}‘;’mfﬂ rst predeterm ned force;

determ ni ng a shape urality of deflectable nmenbers_ connected

to the plungéhe phiagervior thegrst suraoppanionndeliyein guster ds frmedvwdh fiecfifh ¢ he
borg of Pﬁﬁﬁi@@f@@ﬁ&&ab@@%@@m@@@tﬁﬂ ié?eti@orﬁhf?ﬁ’di@lﬁﬂgaﬂdhe second .
predeterm ned resistapce force; andmanufactyring a second intra ar lens
del i very systﬂé‘?’rp]s“ﬁg?rugﬁr e tsﬁ‘éméa‘f“{r?‘?cé‘gaé,leli‘%gelﬁ’leg'n@ég?‘?m é?mg"‘?i}?g %”gﬁ g}hed

pl ural i tsycodll pl@bligaifdbiletattehenbersks a sitpte pretchibein ofic Bh@iial. 12, wherein: the
pl unger for the first intraocular |lens delivery systemis formed with the
first plurality of deflectable nenbers as a single piece froma material;
and the plundédr f dhet etk arid Glaior ddc uvbereinete dvatear ys sipkactesh if©F or med
with th %,% I i fcdefl ectable menbers as a single piece fromthe
mat eri al .OE%E. ng a#g?h%%gﬁ %I aim 13, wherein the material is selected from
pol ypropyl ene and pol yet hyl ene.



