LENS DELI VERY SYSTEM CARTRI DGE This application clainms priority under 35
USC 119 to U. S. provisional application Serial No. 61/026,805, filed on
Febr uary wo 28@08033Thi s i nvention rel ates to intraocul ar PceErmses9(8530s) and
nore particularly to cartridges for use with devices used to inject 1Qs
into an eye. Background of the Invention The human eye in its sinplest
terms functions to provide vision by transmtting and refracting |ight
through a clear outer portion called the cornea, and further focusing the
i mge by way of the | eL ENSIDELANERESYSTEM CARTRHXEEOf the eye. The
quality of the focused i mage depends on many factors including the size,
shgpfa and {/ﬁngth of the eye, and the shape and transparency of the cornea
and | ens. LT tiocd98lafths rivedyp lsengot G0 ;
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be t r ansapplitatntSeriahNo.r@/026e805T filesl adfebiaen€)2008. t he | ens of the eye is
medi cal |y known as a cataract. The treatnent for this condition is surgical
renoval of the lens and inplantation of an artificial lens or 1OL. Wile
early I OLs werigs MRehtbhomIdiey o RhdcuRr lemel @OLPOobNdRhdre! patibasty it e

(PMWA), soft, foldable |1 O.s nmade fromsilicone, soft acrylics and hydrogel s
have cartridges for use with devices used to inject IOLs into an eye.

Background of the Invention

10
The human eye in its simplest terms 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 the 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,

15 and the shape and transparency of the cornea and lens.

When trauma, age or disease cause the lens to become less transparent, vision
deteriorates 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

20  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 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

25 | 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 lens may be pushed into the eye,
usually by a soft tip plunger. The most commonly used injector cartridge design is
illustrated in U.S. Patent No. 4,681,102 (Bartell), and includes a split, longitudinally

30  hinged cartridge. Similar designs are illustrated in U.S. Patent Nos. 5,494,484 and



becone i ncreasingly popul ar because of the ability to fold or roll these
soft lenses and insert themthrough a smaller incision. Several nethods of
rol I'i ng owof20édionsp7t he | enses are used. One popul ar et [rQU/tS20003340j ect or
cartridge that folds the | enses and provides a relatively small dianeter

| umen t hrough which the | ens may be pushed into the eye, usually by a soft
tip plunger. The nbst comonly used injector cartridge design is
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5 These prior art devices were intended to inject an 1OL into the posterior

chanber of an_aphakic eye through a relativel r | 3.0 mm
or 1 ager) | nbiar ghor shhgree THEdnfrdfE e A A ORRERAERRIC O
al | ow t her SNiiraRicSde Ghikh Rr RRERH Salze (Aprenfamiyred mit oubigerliisisimml | er
incisions, 2.4 mmand smal|er. Such small incjsions re pire that the 10OL be
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cartri dge nae: 1ehd pbithd oh TSP Ak @hsOb 43mbd SY b¥alfRMBREE S ed
| ens tral?/r8_F‘fadr’1‘§;e {%5%88@@%3%0%@%}@%&6%39%22 & often results in the
nozzl e sghiif fnefigbnd ¥edui@ thatethe IOL d@dotpedssedavdri tighthy, tahd tisal tigenerzheaysedrake t he
incision a specific size, insertiagn o .
10 on the injection cartridge have very thin walls. The combination of a tightly compressed
lens traveling through a very thin walled nozzle often results in the nozzle splitting during
use. In addition, although the surgeon may make the incision a specific size, insertion
and manipulation of the cartridge and the lens frequently stresses the incision walls,
increasing the size of the incision as well as causing trauma to the surrounding tissue.
15

Accordingly, a need continues to exist for an intraocular lens injection cartridge

capable of injection an IOL through a relatively small incision with reduced trauma to the

tissue.



and mani pul ation of the cartridge and the lens frequently stresses the
incision walls, increasing the size of the incision as well as causing
trauma t owOheoswwos3eundi ng ti ssue. 15 Accordingly, a nee@Crarskoowasiot o exi st
for an intraocular lens injection cartridge capable of injection an | QL
through a relatively small incision with reduced trauma to the tissue.Brief
Summary of the Invention The present invention inproves upon the prior art
by providing a cartridge for an 10OL delivery systemthat has a injector tip
georretry designed to reduceBagiSunamarytof ghedaverionn t he i nci si on during
insertion of the cartridge tip through the wound to reduce the likelihood
of tearing or overstretching the wound during cartridge tip insertion and
resi dence ti MeeigledeRCintOninish Mﬁrb\%stugﬁn kieNsridrartasi pevideld ¥ esrailige F6:10art he eye.
It is accordingly an objective of the present jnvention to provide a

cart ri ddeLidsliveryi systeanidiatledsi a/ wisetentin sometatdeniggeditp fedpescinpiod sgesgeonet ry
designed tpo r.educe stres. . nd 1 AcisSi (g I
obj cori v B TRR bl ERuEh o dfe $8RSks AFRERRL tid i PE&RF e
del i ver yikeiBsRINbE h@tringesiu eeastpasting nEe mduad dringdcdrtrigestip lifsertion and

residence time in the wound while the lens is being delivered into the eye.

It is accordingly an objective of the present invention to provide a cartridge for a
10 lens delivery system that has an injector tip geometry designed to reduce stresses on the

wound incision.

It is a further objective of the present invention to provide a cartridge for a lens

delivery system that reduces post insertion wound trauma.

Other objectives, features and advantages of the present invention will become
apparent with reference to the drawings, and the following description of the drawings

and claims.



O her objectives, features and advantages of the present invention wll
becone apparent with reference to the drawi ngs, and the follow ng

descri pt iwo 2009/10b337dr awi ngs and cl ai ns. Bri ef Descri pti orCofUSkévg/0B¥4ami ngs
Figure 1 is a graph conmparing the arc length for a circle, an ellipse and a
straight line; Figure 2 is a graph illustrating theoretical incision size
for various tip sizes; and Figure 3 is an enl arged perspective view of the
| ens delivery systen1cartr|dge of the present invention.Detail ed
Description of the Preferr8det fingsent i nvention is directed

BdicfPhsediptiom o £thT hiva
to cartridge 10 having tip 12, tip 12 having a geonetry designed to reduce
stresses generated during insertion of an IOL into an eye. Although any

i ncision si Z%gmﬁ@lb@alﬁﬁﬁp conffaridl; MRS 08tig forercitdle, tah @11ipak laadva Bgraighs cussi on
are based on a 2.0 mmincision or wound in the eye. The action of inserting
a cartriloge tip 12 through an incision wound devel ops stresses at the wound
edges that can result in trauma and tearing of the incision. The inventors
have °di scovered that a correlation exists between the degree of wound
stresses and mairk Diislg erdphpllgRQIRE theoreBesl eakision bize fordiasions/dy yizest bied | nvent or s
determ ned that the incision or wound can be nodel ed as a deformabl e body
havi ng roughly an ellipti cal

Figure 3 is an enlarged perspective view of the lens delivery system cartridge of
the present invention.

10



outer dinension with a major axis of approximately 2.0 nmand a m nor axis
of approximately 0.25 mm In addition, the inventors determ ned that a
cartri dgew0i2po9ld03sezzl e can be nodel ed as a rigid body Wwcrhistéve/oaseunpti on
that no deformation of the tip 12 nozzle occurs during the insertion of an
IOL into an eye and that any deformation occurs in the wound. As no act ual
tissue material properties are available, the material properties of the
wound tissue can be nodel ed using the Arruda-Boyce material nodel. Assum ng
that the area of the tip 12 nozzle is larger than the area of the wound,
the I nventors applied a. oretlcal 5|d§ of the wound to
"stretch” the wound Pfaledde y ‘ e e p 12 to enter. By
| owering the theoretical |oad until the |nter|or wound mar gi ns contact the
entire outer peripheral surface of the tip 12, the residual strain, stress,
stress di striThetpresentifryenidon wctﬂquﬁ@sf@ufraétﬂdgﬁ 1D chagjimectimil Belp 1&haviria | ed i n

the art understands that .a circle ar nd .cartri ect

rati 0 of8® Emﬁéx Jeugngdye 1Raves resses Wﬁ?ﬁgﬁg n msertg(g’l-%f\t/véer\gle&eqmgn‘} aspect
ratio i %L\lﬂﬁfﬁgﬁ@ﬁiy Dikissdindikeain e ise, the didnsionk giveh én tRrfylibwiigatigassishi ch
serves to reduce the degree of wound stretching by reducing the applied

st resse@r@baspﬁenﬂd&mne@g§@nﬁwmm‘? ¥e-G 1. One skilled in the art al so
understands that a straight |ine connecting height and widthresults in the
shortest distance between those points and represents the shortest "arc"”

| engt h possi b sbatdfviasdringapiareidgs tipeEs egongh ahénoisiom dvoaint hieselops eat i ng

a negat ive arc.
10 stresses at the wound edges that can result in trauma and tearing of the incision. The

inventors have discovered that a correlation exists between the degree of wound stresses
and cartridge tip geometry. Based on this discovery, the inventors determined that the
incision or wound can be modeled as a deformable body having roughly an elliptical
outer dimension with a major axis of approximately 2.0 mm and a minor axis of
15 approximately 0.25 mm. In addition, the inventors determined that a cartridge tip 12
nozzle can be modeled as a rigid body with the assumption that no deformation of the tip
12 nozzle occurs during the insertion of an IOL into an eye and that any deformation
occurs in the wound. As no actual tissue material properties are available, the material
properties of the wound tissue can be modeled using the Arruda-Boyce material model.
20  Assuming that the area of the tip 12 nozzle is larger than the area of the wound, the
inventors applied a theoretical load to the inside of the wound to “stretch” the wound
Jarge enough to allow the nozzle tip 12 to enter. By lowering the theoretical load until the
interior wound margins contact the entire outer peripheral surface of the tip 12, the
residual strain, stress, stress distribution and contact pressure can be determined.
25
One skilled in the art understands that a circle or round cartridge tip has an aspect
ratio of 1 because the height and width are equal. However, as the aspect ratio is reduced
by shortening the height, the arc length changes which serves to reduce the degree of
wound stretching by reducing the applied stresses at the wound edges as shown in FIG 1.

5  One skilled in the art also understands that a straight line connecting height and width



Negative arc is undesirable because | ens damage or undesirable fol ding can
occur when a negative arc or non-curved geometry is used. The

cr oss- secwpan@/106337m of an el lipsoid, representing the iParasteon3zsp 12
geonetry, can be analyzed by using the ellipse shape factor. This shape
factor 'e' can remain constant to naintain the sanme formas the tip sizeis
varied from3.0 mmand bel ow. By varying other paraneter values, the form
is maintained while reducing the periphery and resultant theoretijcal

i InC| SIk Onesiiltz dn ke Shatest idistahab betvieebethose poidtsRing, represaris hes phgstest ¢ or e,

al so known as eccentricity, j.s further discussed.bel ow starfi i th th

el lipse 1@%&%??@1’36 ?—?tl%tl"’(?stg 2pplisd YFPsye oé?ﬁgglwlolu iWt@@%@gﬂ%}g}n}éégga\r/%@{cél tt g
coor di na}ﬁ%gﬁg@%cfié)ﬁﬂﬂ%sﬁ‘ﬁblé bbdRsElens ﬂatﬁ@%ﬁfrﬁhdesﬁﬂabl‘é 131diigd danpreucaitene
represented by the follow ng equation: ere h, k represent the center of
the el | impgative st oi sont-teverbgaomesiyiisugedd ' b’ the ninor axis. The shape of an
el lipse can be represented by its eccentricity, e, defined as foll ows:
wher € O<e<l. The larger the value of e is, the larger the ratio of ato b
and the nore Bl0pERLEE RS Sl RTCaD IR, kpfckditingDie, ifjestioa GpVvED
eccentricity value, if we know paranmeter 'a' or 'b’ then the other

par amet egeonatrybeanckes iajyzed \bywsingthe linsg shanesfasigatlibénshaps factenms &84 on,

note th 'al ‘b i ' . :
ol maay &eLal % n3int@A%he Qam 6 Q0 & Ned B%akibe sl hYUHRY and
below. By varying other parameter values, the form is maintained while reducing the

10 periphery and resultant theoretical incision size as shown in Table 1 below and FIG. 2.

This shape factor &, also known as eccentricity, is further discussed below starting
with the ellipse equation. A cross section of an ellipsoid in a plane parallel to coordinate
axes forms an ellipse. In general, this 2D ellipse can be represented by the following

15  equation:

(x _2h)2 + (y ;Zk)z =1;
a

Where h, k represent the center of the ellipse, ‘a’ is the major axis and ‘b’ the minor axis.

The shape of an ellipse can be represented by its eccentricity, €, defined as follows:

20

g=(1/a)(\/a2 -b* );

where 0<e<1. The larger the value of ¢ is, the larger the ratio of a to b and the more
elongated the ellipse becomes. Furthermore, for a given eccentricity value, if we know

25 parameter ‘a’ or ‘b’ then the other parameter can be easily calculated using this equation.
For completion, note that parameters ‘a’ and ‘b’ are constrained by the following
equation:

2
¢t =a®>-b%;



equation: c2 a2 - b2 ;where '( c,0)" represent the foci of the ellipse.

Note that the cross section of the ellipse is nodified in the sense that

t he cent ewoahowties3el | i pse i s not necessarily at the ori gcmuseeviosssal | owed

to float. However, allowing for de-centration of the ellipse | eaves a point

of inflection, a sharp feature, when the part of the ellipse lying in

quadrant | is revolved around the x-axis. To smpoth out this point, a blend

in radius is used so that the tangent to the point intersecting the x-axis

Ib is a}j QOth@gr(&est) Tépeesent the fi)taaiflnlnesslhpsehé\ICdQMMEr@dSSeﬂebtms@f the elb@BfP as a
end radi us onst tute Cross s t he nodified e
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repr eserﬁlﬁ@veasto #4t.2 }M’D&Mef" Powing Bt dBentihtion Of thenigpe Bdves #H6inabd al |

coefficients are real. This equation can be converted to the first equation
by conplieflectipns qushamsfeatuet, obieai the rgrteoft the rdltmatlylag dplaagdranthbisciemelsed of t he

ellipse as as.the |l en axes ove
gui del i n@gury‘\fqllfég‘eaxbsar %?188&' IBBOJ@gI ctﬂ?%dt lélJa “llﬁ SRS |S§?¢a2%};eut?‘§ C%P
quadr antto]th%&ni idtbR6bting the SORS R at @b'de%x%@s amﬁedetmfbﬁféatﬁfﬁslmﬂletd&aéntérhd k) =
(0.0,-0. , ]&a b?) (0.95, 0.72 e eccentricity e was the

cal cul at @Hpsteoasbwe g3 ]@nd:éaﬂlum p@,nstltute the cross section of the modlﬁed e111ps01d

configuration.

10 An alternate form to the above ellipse equation can be represented as,
Ax® +Bxy+Cy* +Dx+Ey+F =0;

where B? < 4AC and all coefficients are real. This equation can be converted to the first
15 equation by completing squares and obtaining a form that displays the center of the

ellipse as well as the lengths of major and minor axes.

Using the above guidelines, these parameters can be calculated. The elliptic curve

in quadrant 1 was fitted to a general ellipse and it was found that (h, k) = (0.0,-0.13), and

20  (a, b) = (0.95, 0.72). The eccentricity & was then calculated to be 0.65. Given this
eccentricity, if either of the two axial dimensions of the ellipse is to be changed, then the
other can be calculated with the above equation. Generally, the blend radius at the point

of inflection can be chosen to be the smallest possible circle that is tangent to both the
curve above and below and has a 90 deg. tangent line at the point crossing the x-axis,

25 such as circle 100 of FIGURE 4.

An example of the application of the determined minimum arc length, aspect ratio
and blend radius described above can be seen in Table 1 below where typical values for
cach of the variables are shown. The table defines typical modified ellipsoid values as a

50 function of incision size. Incision sizes of 1.0, 2.0 and 3.0mm are used to demonstrate the



eccentricity, if either of the two axial dinensions of the elli [
changed, then the other can be calculated wth the above equatinga s to be
Gener al | ywotzhe/tobsnd radi us at the point of inflection eamuseossien to be
the smal |l est possible circle that is tangent to both the curve above and
bel ow and has a 90 deg. tangent line at the point crossing the x-axis, such
as circle 100 of FIGURE 4. An exanple of the application of the deterhi ned
mnimumarc length, aspect ratio and bl end radius described above can be
seen in rdiatibehip beleowthehArd engihi eadthvadd Edlifsor easarihichy arnolhrcraftts are

shown. The table defines typi.cal .nodified ell.ipsoid value [

i nci si orRAIYIBE th“?‘i@i"é‘i"(?ﬁ t%i%ggg%ef tlli.‘%zslggs. FSUnhd™ gﬁ%)%xgrg%ﬁu@tee?atl 3’0{ em);ls'? pa’? Ia
ther el atrbﬁﬁgé‘foﬂm%&%ﬂiﬁﬁlhﬁ oA hSMOLMcNiESiRstidH obilsansogefdantigiédncat e hel d
constant. pl'yI'ng these values to cartridge tip designs result in the

mamj _rrurnt strainedt riad }mmllmmouml edges avhile noinimiging; the degiee of geﬁgpwnmﬁ%n P

combi nation results i.n significantly reduced strain at the incision wound
edges Mpﬁ%tamlﬁ?%ﬁnﬁcﬂﬁn?%gesdegree of lens conpression and resultant |ens
injection forces. Table 1: Mdified Ellipsoid typical dinmensions as a
function of | NChAEY Mdifea Ehﬁ;siigﬁpﬁh‘amnm}klaé DNRfcRhoMacisiasikt in a design

for cartridge tip at pra es the maxi muminternal volune relative to
the mninmumarc length. This conbination results

Incision Ellipse Major | Ellipse Minor Ellipse ArcLength | ArcLength Blend
Size (mm) Axis, a (mm) | Axis,b(mm) | Eccentricity, (mm) /Width Radius
€ (am)
1.0 0.392 0.30 0.65 1.087 1.386 0.2
2.0 0.784 0.60 0.65 2.174 1.386 0.4
3.0 1.176 0.90 0.65 3.261 1.386 0.6

10

The steps outlined above result in a design for cartridge tip 12 that provides the
maximum internal volume relative to the minimum arc length. This combination results
in significantly reduced strain at the incision wound edges while minimizing the degree of
lens compression and resultant lens injection forces. The invention described within

15 provides injector cartridge 10 or nozzle tip 12 shape that reduces the force required to
insert cartridge tip 12 through the wound due to the reduced aspect ratio and arc length.
In addition, this curved form facilitates reduced wound trauma and potential for lens

damage through elimination of sharp external and internal features or transition points.

20 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 systems and methods disclosed above

may be adopted without departure from the scope or spirit of the present invention.



in significantly reduced strain at the incision wound edges while
mnimzing the degree of |ens conpression and resultant I ens injection
forces. TWe ewwnisron described within I 5 provides injecrars2eansinidge 10
or nozzle tip 12 shape that reduces the force required to insert cartridge
tip 12 through the wound due to the reduced aspect ratio and arc length. In
addition, this curved formfacilitates reduced wound trauma and potenti al
for | ens damage through elimnation of sharp external and internal features
or trangictaitan points. 20 Wile certain enbodi nents of the present invention
have been descri bed above, these descriptions are given for purposes of
illustration and expl anation. Variations, changes, nodifications and

depar t ures fm&@&&&%&mw&*}spﬁ&ﬂ@%&gégd @bove may be adopt ed

wi t hout departure fromthe scope or spirit of the present invention.

claim 1. An intradodyandl ens delivery systemcartridge, conprising: a

body, and a tubul ar, nqzzl e connec 0 .t he body .an £ QlRCE | distally
from’t he body, t h@‘tﬂlﬂ}gﬁrl I@Zﬁ%\ﬂoﬂﬁec&%&%&e‘f?‘%& are’ﬁ(fp?()ﬁ%%ll 5%(1:8?%1 sﬁrdgggl%el on with a
bl end radi us 1bol'}g%ﬁ@hc5kzlélﬁwhigeﬁﬂo&iﬁéh WHiph6id ¢adse Ubatoadvitir oblead eeidis; ed

i nci sion size. The cartridge of claim1l wherein the desired incision
size i s aboutwheremrthe blend radius is calculated from a desired incision size.

2. The cartridge of claim 1 wherein the desired incision size is about 2 mm.



