BALLOON PUNCTAL PLUG BACKGROUND OF THE INVENTION 5 1. Field of the

I nventi on The present invention relates to a lacrimal insert,
and nore particularly to a lacrimal insert such as a punctal plug
conprising an inflatable and 10defl atabl e structure such as a ball oon
to anchor the punctal plug i nBALLO@NPYNICTOHNRLUGII us. 2. Di scussion
of the Related Art 15l nsufficient tears, or "dry eye" is a comon
condition caused by the insufficient production of tears fromthe

| acri mal gl and whi ch causes synptons such as dryness, redness,
burning, reflex tearing, itching, or foreign body sensation. In
especi al | y BAERGROYNEROESTIHE INMENMON a | acri mal insert or punctal

pl ug naé be placed into one or both of the |acrimal puncta. Punctal
plugs 20prevent the tears, which are being produced in deficient

vol ume by the | acrgiggr| oghgqﬁve,{ﬂdpm draining into the |acrinal
canaliculi. The corner of each eye is called a canthus, with
the nose side called the nasal canthus and the tenporal S|de cal |l ed
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to a lacrimal insert such as a punctal plug comprising an inflatable and

10  deflatable structure such as a balloon to anchor the punctal plug in the lacrimal

canaliculus.

2. Discussion of the Related Art

15 Insufficient tears, or "dry eye” is a common condition caused by the
insufficient production of tears from the lacrimal gland which causes symptoms
such as dryness, redness, burning, reflex tearing, itching, or foreign body
sensation. [n especially difficult cases of dry eye, a lacrimal insert or punctal
plug may be placed into one or both of the lacrimal puncta. Punctal plugs

20  prevent the tears, which are being produced in deficient volume by the lacrimal

gland, from draining into the lacrimal canaliculi.

The corner of each eye is called a canthus, with the nose side called the
nasal canthus and the temporal side called the temporal canthus. At the lower
25 and upper eyelid margins of the nasal canthus are small openings called puncti
or puncta. As used herein, both puncti and puncta shall be understood to be
the plural form of punctum. Each punctum drains tears from the eyes. A
punctal plug or occluder is an ophthalmic device for insertion into a punctum of
an eye in order to treat one or more disease states. Typically, a punctal plug is
30 positioned to block tear drainage thereby helping treat dry eyes. Punctal plugs
may also be utilized for sustained release of medication to the eye for the

treatment of a wide variety of ocular diseases.
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20 cornea, but this excess drug may be carried into the nose and throat where it is
absorbed into the general circulation, sometimes leading to serious systemic
side effects. The small portion of the drug in the eye drop which does
penetrate the cornea results in an initial peak tissue concentration, a higher
level than is required for the initial pharmacological effect. This tissue

25  concentration then gradually decreases, such that by the time the next eye
drop is due, the tissue concentration and the intended pharmacological effect

may be too low.

To compound the problems described above, patients often do not use

30 their eye drops as prescribed. Often, this poor compliance is due to an initial
stinging or burning sensation caused by the eye drop. Certainly, instilling eye
drops in one’s own eye can be difficult, in part because of the normal reflex to

protect the eye. Older patients may have additional problems instilling drops
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20  punctum and lacrimal canaliculus are often utilized interchangeably; however,

as used herein, the punctum means the opening and the canaliculus is the

passageway or duct-like pathways that lead to the lacrimal sac. If the punctal

plug is used to deliver therapeutic agents to the eye, then the body portion may

comprise a reservoir for holding the therapeutic agents and the collarette may
25 comprise an opening in communication with the reservoir through which the

therapeutic agents are released.

The anatomy of the drainage system of the human eye may vary slightly
from one individual to another and may vary from one eye to another.
30  Accordingly, punctal plugs may be manufactured in a number of sizes.
However, regardless of the number of different sizes available, no one size fits
all. In addition, a reduction in the profile of the device for ease of insertion and

removal while maintaining a secure fit would be beneficial. Accordingly, there
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The anatony of the drainage systemof the human eye may vary slightly
fromone individual to another and may vary from one eye to another.
30 Accordingly, punctal plugs may be manufactured in a nunber of

si zes. However, regardl ess of the nunber of different sizes

avai | abl e, existemenesdziorfa puncihll plug withdad imdams, foainmpoved iptacanmenttand
profile of the device for ease of insertion and renoval while

mai nt ai ni n&egug%EﬁPtemf\faFe\g(ﬂﬂagorﬁ'@sbenefi cial. Accordingly, there
exists a need for a punctal plug with a nmeans for inproved pl acenent
and securenent in varied anatom es. 5 SUMVARY OF THE | NVENTI ON

The punctal plug incorporating a balloon structure in accordance with
the present,| | 2 limtations associated with the
prior art GSC\L‘J,&@Q&Z%E% ﬁw_cgi.a.ﬁbed above. 10 I n accordance
with a first aspect, the present invention is directed to a |acrinal
insert. The | acrThepundtabplitigdeeapositing Bballodet gttudilinedini dpebthne With
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pr esent inv%&ik?éosg%réﬂlﬁlﬂlrde%%célgego%g%r%rét hod for treating an eye of a
pati entl0 The method conprising inplanting a punctal plug, having a
body portion with a first enqha d a second end, into a punctum of an
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position. In other words, the balloon punctal plug of the present

invention may be inserted into either the upper and/or |ower |acrimnal
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punctum of an eyelid, and inflating an inflatable/deflatable element

cooperatively associated with the first end of the body portion to anchor the

punctal plug in a lacrimal canaliculus.

The present invention is directed to a lacrimal insert or punctal plug
incorporating a balloon structure that may be inflated and deflated multiple
15 times. The balloon structure may be utilized to secure the punctal plug in
position. In other words, the balloon punctal plug of the present invention may
be inserted into either the upper and/or lower lacrimal canaliculus with the
balloon deflated and then secured in position by inflating the balloon. If and/or
when the device has to be removed, the balloon may be deflated. Although a

20 balloon is described herein, any similar structure may be utilized.

The inflatable/deflatable balloon punctal plug may be inserted inio either

or both the upper or lower lacrimal canaliculus. The balloon punctal plug is



The infl atabl e/ defl atabl e ball oon punctal plug may be inserted into
ei ther or both the upper or lower |acrimal canaliculus. The balloon
punctal plug is inserted into the punctum and then inflated by any
sui tabl e means, including the use of saline. Wen the punctal plug
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to existin puncta ata e or

expandabl Eblaabb@wexpﬁdrﬁjamuﬂsﬁrﬁIatbhug may be nore securely positioned
with lower risk of accidental renoval. BRI EF DESCRI PTI ON OF THE
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therapeutic agent similarly to existing non-balloon punctal plugs. With the
15 inflatable or expandable balloon, the punctal plug may be more securely

positioned with lower risk of accidental removal.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The foregoing and other features and advantages of the invention will be
apparent from the following, more particular description of preferred

embodiments of the invention, as illustrated in the accompanying drawings.

Figure 1 illustrates the anatomy of the lacrimal drainage system of the

25 human eye.

Figure 2 illustrates an example of a conventional punctal plug that is

known in the art.

30 Figure 3 illustrates an example of a punctal plug, including a reservoir

for the release of one or more therapeutic agents that is known in the art.



Figure 2 illustrates an exanple of a conventional punctal plug that
Is known in the art. 30Figure 3 illustrates an exanple of a punctal
plug, including a reservoir for the rel ease of one or nore

t herapeutic agents that is known in the art. Figures 4A and 4B are
di agrammati c r efffigsest4dd aodstBobreadibgrahmake nppresgniatibadiofmarfirsof a

bal | oon punctal plug |n accordance with th resent inventiop.

5Fi gures Sﬁxﬁﬁbo'g'ﬁ %Pboﬁ' ?MQPOPMQ&?%E INoAECH a%C%wEBﬁhe

exenpl ary ?m%tqﬁpémgn.a bal  oon punctal plug in accordance with the
en

present in tion. Figures 6A and 6B are di agrammti c
representations of a third 10 exenpl ary enbodi nent of a ball oon

punctal _plug in accor ce with the present inventjon. Fi.gures 7A and
7B are i agrammdtdueea dod B eoBMEaS feRRSeNtaliops of 5 Seeond
enbodi ment enfplBH ¢MBAdIREH 01l BAIKSN! SUREA PICRICEcHrEAndd Rith TRE esent
I nvention. Figures 8A and 8B are diagrammatic Tepresentations of a

fifth exenmprasgntanydioment of a bal | oon punctal plug in accordance
with the present invention. 20 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS Figure 1 illustrates the anatony of the drainage
system of a hungfigge 6k08nd 68R&e @EGravhMAlS Ashrekehiz@iohaef aifRird 9! and,
not illustrated, superior to the

10 exemplary embodiment of a balloon punctal plug in accordance with the

present invention.

Figures 7A and 7B are diagrammatic representations of a fourth
exemplary embodiment of a balloon punctal plug in accordance with the

15 present invention.

Figures 8A and 8B are diagrammatic representations of a fifth
exemplary embodiment of a balloon punctal plug in accordance with the
present invention.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates the anatomy of the drainage system of a human eye

100. Tears are produced by the lacrimal gland, not illustrated, superior to the

25 outer portion of each eye 100. Tears flow across the surface of the eye 100 to
a shallow pool, termed the lacrimal lake 102, located where the upper and
lower eyelids come together at their inner ends or nasal ends. From there, the
tears drain through small openings in each of the eyelids, namely, the upper
lacrimal punctum 104 and the lower lacrimal punctum 106. From the upper

30 lacrimal punctum 104 and the lower [acrimal punctum 1086, the tears pass into
the upper lacrimal canaliculus 108 and lower lacrimal canaliculus 110,
respectively, which are duct-like pathways leading to the lacrimal sac 112. The

lacrimal sac 112 is the superior, expanded portion of the nasolacrimal duct, not
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25 outer portion of each eye 100. Tears flow across the surface of
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cases of dry eye, a punctal occluder or punctal plug may be pl aced
Into one or both of the l|acrimal puncta 104, 106, see 25Fi gure 1.

Punct abgpl ugs plgyfidiehhRatS Hrddrdiehs arnfbAToRdRbHcEAiseq by
insufficient production of tears from the lacrimal gland which causes symptoms
such as dryness, redness, burning, reflex tearing, itching, or foreign body
sensation. In especially difficult cases of dry eye, a punctal occluder or punctal
plug may be placed into one or both of the lacrimal puncta 104, 106, see

25 Figure 1. Punctal plugs prevent the tears, which are being produced in
deficient volume by the lacrimal glad, from draining into the lacrimal canaliculi
108, 110. Punctal plugs may be secured in the lacrimal puncta without

anesthesia and removed with ease when required.

30 Referring now to Figure 2, there is illustrated an exemplary punctal plug
200. The punctal occluder or plug 200 comprises a collarette 202 which is
configured to rest on the exterior of the punctum 104, 106 (Figure 1), a bulb

204 that blockingly projects into the canaliculus 108, 110 (Figure 1), and a
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deficient volune by the lacrimal glad, fromdraining into the
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punctal plug 200, as illustrated in Figure 2, to incorporate a
reservoir 310, illustrated in phantom desi gned to store and rel ease
nedi cati on ont oln Bddiionftacer @ternaielspepuncial eeoedarsinlad maydie yilized

conf i gur edgﬁ}ge@\%ﬂﬂ?ﬁa I{@Srﬁ%rgﬁléut%nadé}ltg%d%‘f"}pgﬁlcg{[oﬂ@y?lguwgl udi ng

pul satil e
20 illustrates an ophthalmic insert or punctal plug 300 that adapts the form of a

conventional punctal plug 200, as illustrated in Figure 2, to incorporate a
reservoir 310, illustrated in phantom, designed to store and release medication
onto the surface of the eye. The reservoir 310 may be configured to release
the medication in any number of ways, including pulsatile and continuous. In
25 addition, the reservoir may be refilled as required. As in the previously
described exemplary embodiment, the ophthalmic insert or punctal plug 300
comprises a collarette 302, a bulb 304 and a body portion 306. The punctal
plug 300 may be molded or otherwise formed from a flexible material, such as
silicone, that is impermeable to the medication which will fill the reservoir 310.
30  Although silicone is described herein, it is important to note that any suitable
biocompatible material may be utilized. The reservoir 310 may be formed by a
channel through the interior of the body portion 306 of the plug 300. Inone
exemplary embodiment, the body portion 306 may be flexible, or even
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25addi tion, the reservoir may be refilled as required. As in the
previ ously descri bed exenpl ary enbodi nent, the ophthalmc insert or
punctal plug 300 conprises a collarette 302, a bulb 304 and a body
portion 306. The punctal plug 300 may be nol ded or otherw se forned
froma fl exdobediomsbapalsp asutotpragideithe capebilityhait lengthwiseexparidien gs it is

| < doscr | pdliSHaNR Fecliatie. s ozl 303 Sneneisdne iyt SPHE lyexterr®

bi oconpat i RirendRdcfimatpuiRiint @ 04tdrld 766! (seHEigURS &1 ¥Rd mallbe PRWIEE] with
formed by a channel through the interior of “the body portion 306 of

the plug 3GH openion&08wdniph i i farid cdimmeunicatidrewibbdiye peservan 3306 Imayder
be fl exi bl Qr., even ccordi on shape s S t rovide t capabi lity
of 1| engbhuitasoBuBLEBAstEY #18 PasafF eificalion. fubp@dinely ot a 8B8Ring
collarette Mm@g%%&térhgeal iHG Mty 8f Wags eFoe ekaiphd tﬁ@@ﬁbﬁm@m
punctum 104 and 106 (see Fiqure 1) and may be provided with an

openi ng 308nabe designed for (sleagivaiiue mesticalionwattehcemmanicsustsiopd reglease

Geonetry ofSnd IR sEE S, o %aBos i steBnbTabididant "hays.
For exanpl gontdigatRitinerdof3Ofhroayh perRR) I dnéditation RASIgBetTRom the
nmedi cation at a constant sustained release rate, a pulsatile rel ease

r ﬁt e, aﬂ exXperivari3d0 it bgdearsseidhghagrinaldalye vhiese e madieationdpixes, as
: . CasEEraTh _ 310
Mo the t Setap® i, A i8S Arp S lARIE T BN AEye BIF RIS

eye drops gharmatbloyhal bedtiscrapdutiesffectatAtHdughayst requibed,ehé peinctal
i nt ended pharnacol ogi cal and therapeutic effect. Al though not

required, g SE] C%FBGS%@O q@g@@%&lh 384 4 help ool Ing PRICER0 o
hel . . e LR _ D

Lo brovi de PSaue Rl Mg aRaRERid R a0 iobioR A oliidP Tl
exenpl afy deserveir ma)yillustratedindin eretdpry Beviestmay bedoubd 96, 9Bateat

Cohan et al Punct | u may take on any nunber of
confi gurat iN}HE?ers@ﬂg@'g;é%oiogéO'?W gr‘é%l' from any nunber of materials,
dependi ng on the desired functionality 20 and/or nedications to be

delivered. As set forth above, punctal plugs nay take any size and
shape. Punctal plugs may take on any number of configurations, sizes and be

formed from any number of materials, depending on the desired functionality

20 and/or medications to be delivered.

As set forth above, punctal plugs may take any size and shape.

Typically, the body of the punctal plug is in the shape of an elongated cylinder,
and may vary in length in the range from about 0.8 mm to about 5 mm and

25  may vary in width in the range from about 0.2 mm to about 3 mm. The size of
the opening for medication or drug release may be in the range from about
1nm to about 2.5 mm. Rather than one large opening at any one location,
multiple small openings may be used. The body of the punctal plug may be
wholly or partially transparent or opaque. Optionally, the body may include a

30 tint or pigment that makes the plug easier to see when it is placed in a

punctum.



Typically, the body of the punctal plug is in the shape of an

el ongated cylinder, and may vary in length in the range from about
0.8 mMmmto about 5 mMmand 25 nmay vary in width in the range from about
0.2 mmto about 3 mm The size of the opening for nedication or drug
rel ease may be iRundial plag:gmefyrlnmfahmated mmmyabwubezoﬁsmable?at her
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pi gnent t hat makesthepug easier to see when |sp
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and gl ycerol’, and silicone hydrogel Kners for exanple hose
descri bed imaterigls lnaktJQﬁtpdwgeﬂ@maosmet ﬁmlwaw@te,aacdwtme glycol),

natube. porgBRervie Sy Holfbriagodeclh ENIBRY AefoPBn ofyeol ).

pol y(ethyl ?iﬁﬁy(ﬁydjMethl?ﬁhé’tﬁ@bﬁm’cb?rpﬁ)lﬂ{mw:ly}roll@%e?( bbl%ﬁl‘cr?ﬁd?o“o' ),
pol y(hydroxyet hyl met hacryl ate), poly(vinylpyrrolidone), po yarcryl I C,
10pol y (18t hyqod»s(a qulln@opﬂyétﬂlmtwacadaw ﬂl@qspw@%&r exeaRlef or

exanpl e, u acrylic
esters, pol ?@%ER{%&[ Fﬁ@géﬁ%' car E¥ﬁé’6d¥5§fob%? 'ﬁg éeérglPr%{;aeFﬁyal uronic
aci d, dext palysaeybaddesany catribydtaies, fohggdampld, nyahpyhiceld, Wexaan,
gel lan gum guar gum heparin sulfate, chondroitin sulfate, heparl n

and al gi natWargsy lﬁglfulpﬁ@ rsesey| @ronys gelldpse, 9RAN SYBNIUA BRI n and
oval buni n, %'al}’!ﬁ uq‘? @%ﬂﬁgr&ﬂl of 4tat ﬁ%ﬁ)zﬁﬁ{ %{ﬁ%%ﬁ;’[r&ét@ ﬁ?{i@i’ﬁ’gl for example,

pol yt et rafl uor oet ne an yV| nyl | ypropyléne,
pol yet hyl erge]atmyk:ohnagmﬁ mmlreaml ooalbunml, po%mlm aEkds ﬂummated

f f whol | t | | t
e o pohiaeRalaaeahrie syl Mt ARd RO b i
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i nsertion of evl ce, " nmuco- adhesi veness to i nprove tissue
conpatlblllty, texture to aid |n anchoring the device and/or any

combi nat i on thensol oSl ARES B SRIRALLR) BiLERALY BEWASR) SF5adighy | ™

20 coated with a number of different biocompatible coatings. The coating may
provide a number of benefits, including lubriciousness to aid in insertion of the
device, muco-adhesiveness to improve tissue compatibility, texture to aid in
anchoring the device and/or any combination thereof. Suitable biocompatible
coatings include gelatin, collagen, hydroxyethyl methacrylate,

25  poly(vinylpyrrolidone), poly(ethylene glycol), heparin, chondroitin sulfate,
hyaluronic acid, synthetic and natural proteins, polysaccharides, thiomens,
thiolated derivates of polyacrylic acid and chitosan, polyacrylic acid,

carboxymethal cellulose and combinations thereof.

30 It has been found that with certain therapeutic agents or medications, it
may be desirable to create a barrier layer between the therapeutic agent
containing material to be released from the reservoir within the punctal plug

and the interior surface of the walls that define the reservoir due to possible
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25pol y(vi nyl pyrrolidone), poly(ethylene glycol), heparin, chondroitin
sul fate, hyaluronic acid, synthetic and natural proteins,

pol ysacchari des, thionens, thiolated derivates of polyacrylic acid
and chitosan, polyacrylic acid, carboxynmethal cellul ose and

conbi nat i onsterastionsf or Badveriast lbaehing ofithe aptite Werap@éict%gemt through the

bar 1 or | eyt Sahaiol e SRTorn. TR Bl UIFIAT i Tof o,

rel eased f rtﬁélflabbatlé ggéhv\mmmvmé heserivbR npanBé aiddd wtrﬁeﬁgelbbt%ﬁ of @i or
surface of the wall define the reservoir due to possible

i nt er act i ogeomstric nalfr@w’eaaﬂn off ¢he pungiabplugher wih ithe addéioams varieusigent

tha cne r evinpiind et A harb it a s SaPPRA amplise ARy Pife
ai ded by t kenfiglegibhavhieh mMdienglesmeisly hofPa foagitiadd tharafeutiveagenn aitaln
plug, or with the addition of various 5anchori nﬁ'uf eatures. For

exanpl e, athetesanir. mgthesmsrisdhat shane, €vepIwikuaipsmerdayan g adhesiye
whi ch t th
Foservort . Mer3fiayhet o gitdhe RohlteMadt® BREY, 'Aodtdby id £ 11

adhesi ve | ggemetpyofitat rbeeﬁrufrfmay BBtm(bd]flé@hdIrtdlﬁieigmtlﬂjsiGMSlIhﬁn@ents for
Accor di ngl the geonetry_of the reservoir, may be nodjfied to include

protrudPon olsfing threagent OThe_I?@rﬁﬁWﬁﬁlct\f?é'aagﬁﬁfnayl"]’l%é@“%%bﬁ‘@f‘?IO(E In
variations cgﬁ}blﬁﬁdcw Wlth Z8Hoad Qﬁ'lé?rla C U A ?ﬁh/ﬂ’l’ Ehm\é‘?‘rlé S In

barrier |ayers, esives and pri ayers. er wor
vari ous coraiﬂnm*aﬁmrdasvmﬁmgﬁmmbmaaenanﬂgeomﬁmu;saMyoamgﬁ nnlayzb@dutilrzed

hol d t he dru and/ or. for ethe out re For exanpl e,
Rohar i or -t Beld e i OR i dhr e e ug St B2 s G thd. B SFAmRES T
punctal pl %arﬁér lé?éﬂ‘ﬂbg'bfe dlspdde] O s e&t@ﬁwél@%?@@@l&f‘tﬁe BORE] plugliBe
body of the punctal pllug and to inhibit the infusion of tears into

the resér thlbltdrfquICm obthehbetawwpagentlra@erhqdmf thd giunict ,plughand to
geonetry of t. led to.create,.a hetter fit

ST ohen ¥ he AR HRE Goon Bt S e dBn PoR VAR Epb i FEE I ufkrdBob(F addr
lacrimal ingagbitieh, HeGéathety 88the punctal plug may be modified to create a better

fit within the canaliculus.

20 The present invention is directed to a lacrimal insert or punctal plug
incorporating a balloon structure that may be inflated and deflated multiple
times. The balloon structure may be utilized to secure the punctal plug in
position within the lacrimal canaliculus. in other words, the balloon punctal
plug of the present invention may be inserted into either the upper or lower

25 lacrimal canaliculus with the balloon deflated and then secured in position by
inflating the balloon. If and when the punctal plug has to be removed, the
balloon may be simply deflated and the low profile device removed. Although a

balloon is shown and described herein, any similar structure may be utilized.

30 As set forth above, the inflatable/deflatable balloon punctal plug may be
inserted into either the upper or lower lacrimal canaliculus. The balloon punctal
plug is inserted into the punctam and then inflated by any suitable means,

including saline solution, air or a medium viscosity fluid, e.g. up to 5000 c¢p.
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i ncorporating a balloon structure that may be inflated and defl ated
multiple times. The balloon structure may be utilized to secure the
punctal plug in position within the lacriml canaliculus. In other
wor ds, the balloon punctal plug of the present invention nay be

i nsert ed i Whenithdé punttat plugpeas oeer serted Shtache fadrircalndudt @nldutbe wowér

bat 1 oon. | Mezadnlsien et e sahe enasBeopad Aabrariort ke Bl I oon
may be simpinaidlad bﬂrwv@ﬁear/ﬁ@néo%ma%hé@s@emecsaf@rﬁvw% oﬁbfsma A

bal |l oon is shown” and describ herein, any simlar structure may b
utilized. m:s:esnayﬂa@rmthlzadmea majerlhyrﬁflp@ilabise"BQBfrlngtthlsl typ aif Itrt@atment
punct al inserted |n | t,her e upper ar | ower Iacrirral
anal | oo us NeTRseRan B Fs ARGk UR o Meed BlGe s eh i er
and then i mhdratighorkedor s&éﬂ[é ahbwneaa%% |Ilus!'tﬁdté@“irﬂglg(i@é$ Q%rmoia UW:EH‘the
air or a nediumviscosity fluid, b(g 5000 cp. Wen the
punctal pl l@@pmlade@ﬁleqﬂgerqf@wteﬁa orﬁme baldmmmncdak:mlugnmetmah@uwﬁ

anat ony. of "ihaeapel e B BRrHR S BRE e B hatent . This

one size fits all device may be utilized for a mgjority of patients
requiring this ﬁ};epe of treatnent. 5The insertion forces are
negligil®l e due eﬂmgcmwé@E@tﬁes Héaand 48y thexayigillestrated aefinst exgmplary

fixed or S MAFuREEANERYIa00 PLHe) BRI (b FiaR2upltndprdleng, the

appropriate’s ion o oon puncta

canal i cul usnw@ntibns alte seidononeestalsiud 40D womprisesxpecitiretts 482 which is
inflation. 10Referring nowto Figures 4A and 4B, there is il Iustrated

2 tirst oxeRpaNPIdAHEE: SR He BxteHOR! hSQHNSHEAAT, Ahrseertion 40
accor dance %érﬁ.@ﬁom ﬁ%eg}nm;&t/{&éz And v{ | gugaﬂggagnnwataaemﬁgug 400

conprises a co ett 'S con to rest on
exteri of oﬁ:ahhhr;mnumdﬁﬁnamd)m bagiobndheaplotGa. oﬁhdﬁdllmttenkﬂl?ngaynmn‘md!@an

505 e o aparrm Ao axtehds I e B g paition AFhid R i sefeis af Sebiing
aper tur e 498, BAEAHIbORCIENERGHID RPTHCHISS bR Adbnidal ThbidBHRRPUDg

or securing t oon punctal plug 400 I nsertion an
renoval . Theayineotporatesd geseryoir Ad 0 thalriatcontiguresdoveleass Bothehapetitic

bove. Tne B8 SolCREAICHCE Gy BECATsBsi TIe R R el #05 B B a

shoul deg r%%ﬁ’iﬁnéé%nﬁoéﬂiﬁéh tdatsheuriRf rédioh | 2 e¥ed in the end of the body
404 opposite or distal relative to the end connected to collarette 402. The

balloon head 406 may be formed from any suitable material that may be easily
inflated and deflated as well as conform to the shape of the lacrimal
canaliculus 403. In one exemplary embediment, the balloon head 406 may be

25 formed from nylon. Itis important to note; however, that any suitable
biocompatible material may be utilized. The wall thickness of the balloon head
406 may be varied from region to region around the body portion 404 in order
to achieve a better fit. For example, a thinner region will expand more than a
thicker region and thus the shape of the balloon 406 may be tailored to fit

30 different anatomical structures. An inflation port 414 may be incorporated into
any suitable location on the balloon punctal plug 400. In the illustrated
exemplary embodiment, the inflation port 414 extends from the collarette 402

along the length of the body 404 and into fluid communication with the balloon
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404 opposite or distal relative to the end connected to collarette
402. The bal |l oon head 406 may be formed from any suitable materi al

that nmay be easily inflated and deflated as well as conformto the
shape of the lacrinmal canaliculus 403. In one exenplary enbodi nent,
t he bal | oorheaelatD610As statet @bdBé otherrhliooorhaayl 406 miay besinflafsal wilnanyo

note; however, that any sujtapl e biocanpatible materjal may be .
Ui zed. Pable et AL BLes S  ReAlBaRI b e maRtile, Sueh 08 srle
fromregiomd mgét?&baf?n FAHBAE, HRcBAHY baRbdh PBad b6 8 ifTHEd ittrﬁag‘ﬁgé@ﬁ‘u@
a better fit. For exanpl®, a thinner region wll expand nore than a

t hi cker reg@ confgudatidruthat hBows dpeballoarpunctbl plog 4060y sdaled avithar da

to fit 30diff t tonj.cal, struct inflati t,.414
ba | ncod por TR GATEIaNS A0 /RS WEEE e Bl e PubotAN o
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414 extends fromthe collarette 402 along the |l ength of the body 404

and into flbuitwhiedellatashet wmexgpiandedhthepballaesrpuneialplug eraydee eaailed

materal | reristnie Elennma BB S0t (AP Helobl BRaS 406 s
sal i ne. As gihphysddfRtedtHdteby 8HES adBin redaginghtBe RaktAomofrask thehdiiBon

inflated it nay assune a configuration that allows the balloon

punct all0pl pynatd plug 4@0.seal ed within the 5l acrimal canaliculs 403. In
ot her words, the ball oon head substantially assunes the shape or
configuration of the lacrinmal canaliculus when inflated, but while

defl ated or unexXpersibontieadial ballonpi0tinaly b affixedyo tee bedy 494 at the
inserted into the lacrinmal canaliculus. For renpval, the balloon head

406f i Is Si ][r]§h9uk§i@f redien 4181y ?W@I%gsﬁan&l@a%ﬂéiwgadhﬁsi\fﬁﬁem welding.
o | oon 4ol s BRenTty RBRnL Ruihadin 406 i exiCifialtB oL 880 -1,

by any1sui ftdblpesfersbis thatdt noli sepanatedbherefoorand wel ding. In this

exenpl ary enbodi nent, the balloon 406 is external to the plug 400 and
15it is preferable that it not separate therefrom In the

exerpl ary enbodiRad ekiiby Bhithiieft MUSRaed PLIABA Sk Bl ipon

head 400 conprises a uni kness and Is affixed externally to
t he body 4®4ilodmhead&O0adanepnises & anorenphickyessrratisrasfitad extieenadlly tbdbe

head. or 2008kl 900, TRotRS: A RENE SemBR) S SR HeBaidch g S

20  balloon may be internally mounted and comprise alternate configurations.
Figures 5A and 5B illustrate a second exemplary embodiment of a balloon
punctal plug 500 in accordance with the present invention. The balloon punctal
plug 500 comprises a collarette 502 which is configured to rest on the exterior
of the punctum, not illustrated, a body portion 504 extending from the collarette

25 502 and which projects into the lacrimal canaliculs, not illustrated, a balloon
506 positioned in a balloon chamber 508 and a balloon inftation lumen 510
which extends along the length of the balloon punctal plug 500 from the
collarette 502 to the balloon 506. The collaretie 502 may include an aperture
512 extending into the body portion 504 to aid in grasping or securing the

30 balloon punctal plug 500 during insertion and/or removal. The aperture 512
may incorporate a reservoir 514 that is configured to release a therapeutic

agent or medication as discussed above. Once again, the inflation lumen 510
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Figures 5A and 5B illustrate a second exenpl ary enbodi ment of a
bal | oon punctal plug 500 in accordance with the present invention.
The ball oon punctal plug 500 conprises a collarette 502 which is
configured to rest on the exterior of the punctum not illustrated, a
body porti onapbe pmsitionedray anyamitahie loohlien,qireteraslyotheradt ddeschot

projects into the, lacriyal ca aI cul s t illustrated, a balloon 506
posi ti oned 'MegSp e BEﬂﬂ%Hgﬁ&?gt? t% Ry ngn inflation |umen 510

whi ch extends along the |l ength of the balloon punctal plug 500 from
the collarette 502 to the balloon 506. The collarette 502 may i ncl ude
an aperture 512 Ieih:emxengalarmambmrrmwhpd:alloori S84 pesiioaed within a

i or  Pemspanoer b g BPA% 188 hebY B n) tPur R ikt pOBTThena,

i s confi guicachier 508 RageomprizeraiesliioblegesiynAndmeicrablyas i@dned from a
di scussed above. Once again, the inflation [umen 510 may be
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20
Referring now to Figures 6A and 6B, there is illustrated a third

exemplary embodiment of a balloon punctal plug 600 in accordance with the
present invention. The balloon punctal plug 600 comprises a collarette 602
which is configured to rest on the exterior of the punctum, not illustrated, a bulb

25 604 that blockingly projects into the lacrimal canaliculus, not illustrated, and a
body portion 606 connecting the collarette 602 and the bulb 604. This
exemplary embodiment is similar in cutward construction to that of the prior art
device illustrated in Figures 2 and 3. The collarette 602 may include an
aperture 608 extending into the body portion 606 to aid in grasping or securing

30 the punctal plug 600 during its insertion and/or removal from the puncta. The
aperture 608 may also comprise a reservoir 610 as set forth with respect to the
above described exemplary embodiments. The balloon punctal plug 600 also

comprises a balloon 612 positioned within the bulb 604. A balloon inflation
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Referring now to Figures 6A and 6B, there is illustrated a third
exenpl ary enbodi mrent of a ball oon punctal plug 600 in accordance with
the present invention. The balloon punctal plug 600 conprises a
collarette 602 which is configured to rest on the exterior of the
punctum ndamihlGisk exterds franbiiebcaiaésite 662t0 Heobalionyl §12mojhedidb Bato

connect | ng e DRV S 048 iRiSwy berioRthsS A ot Hege g e
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bal | oon 612mpb@1ppdmﬂ§Qﬁﬁﬁmmﬂhﬁ%4bulb 604. A balloon inflation

| umen 614 extends fromthe collarette 602 to the balloon 612 in the

bul b 604. The inflation lumen 614 is preferably positioned so as not

to increase the gk ahd VBei[Ilh)ﬁl'dtQ@nfththCé@mmlat&gerﬁﬁadetldﬁ athetloon
above-descri bed exenpl ary enbodi nents the balloon 612 may nprise

any suil®ablPengi@ et OQH'Ha@ﬁ&Vd@éce with dhe Peerand "ﬂ‘@”é‘?ﬁaﬂ_d‘ei W'@W punctal
number —of %’]Jﬁﬁf%ﬂr) %ﬁ'lﬁqggé%r%ﬁ%'@% 265 Qltich R éﬂr{ﬂgﬂiﬁéc{ gnt l%%t bﬂ thé QWefior

6B, this exXe y oon ends to roun
portions ofof thepbnttanf bt ilfkistratezls atAila @4 tBat blbukmgqirejeats‘ |nt0“tHe

| nmbod t of bal 700 d
W e plRETENR! ARPURIRSTOTHETRNERITY B BRSY AOTATIA08 GNCEHsI a@%ﬁ a
col l arette L2 A8d WB%IBWOQQ tiRe Eéﬁ’éreﬁ@ m%gﬁrﬁiu% aﬁfa

punct um not I'Tustrated ul'b 704 that blocking projects i o
| acri mab ca08laxtemdisg imotthé lbody tpoaticed 706 bal ak |hcgtgsunngtdr@ecaﬂtﬁg the

ti th | t 70 d th b b 704. The | 1 702
may el uoBURRteLBLie (7L 6erg g Sectioh Agcionremeira BomBaRrEbh T8 to
aidin gr a%BbFQr@‘?O@W hise &Hﬁ)r&%@?@éerﬁlﬂgﬂ%‘% diéérchﬁgd With ﬂe@é@étttbon

and/ or renmoval fromthe puncta. The aperture 7 may al so conprise a
reservoir M®ahkeveldesetilinshexdmplancembodiment: h&@b@ﬂ@rd@@mtab@dg 700

| d h
oAl bon 1 5poaBBies A hauieh 7 AbaRiiRp eyttt Bish o8 AtHREbR o °
lumen 734 @fiRi0A3uiedm 14extends aoat e acﬂnarét@e 702 tb@hd BaMOnL212 ih thee

bul b 704. Once_again, the inflation lunmen 714 is preferably
posi t i oned bl Aed-nCiice agaimihginiation lumenngl s pre ablyrn,qsalowag 700.

In this ex%g:flllf%rﬁa low profile in the balloon punctal plug 700. In this exemplary
embodiment, the balloon 712 comprises a folded or pleated structure that
expands or inflates into the shape illustrated in Figure 7B. As in the previously

25 described exemplary embodiments, the balloon 712 may comprise any suitable
material and may be configured to expand in any number of directions and/or
orientations. The pleated nature of the balloon 712/bulb 704 configuration
provides for an almost diamond or anchor shape to the bulb 704 when inflated
as illustrated in Figure 7B.

30

Figures 8A and 8B illustrate a fifth exemplary embodiment of a balloon
punctal plug 800 in accordance with the present invention. As with respect to

the exemplary embodiment illustrated in Figures 4A and 4B, the balloon head
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enbodi ment, the balloon 712 conprises a folded or pleated structure
that expands or inflates into the shape illustrated in Figure 7B. As
in the previously 25 described exenpl ary enbodi nents, the balloon 712
may conprise any suitable naterial and may be configured to expand in
any nunber 806 idiometagain aﬁh@ﬂdo te eateraal portion Thithegbaliaordpurattairpuof

the bal 12{bu| by 704 i ' des  f di d
o anchor  SBel el aliRtab AR P iR 8 sl Rg s, ™"
Figure 7B. c%ﬂf.gured toFsalérnetﬁei’e&t@m oﬁf@%%ghnéwnatrﬁ)tmgtﬁawu %6«5&3} Béition

enbodi mrent of a balloon punctal plu in accordance Wi th
present |n\8@4te>dandmgfmmrﬂwee@lpfm'ette 2twwh@hmramt%mme@ﬁﬂmal

af 11 xod ot o gl e iR ot PRICE PR eO5C R Yob By BB B 590

bal | oon purghisddiflend iiRREatRNBIFigered 40bhaus, tite BARodMheld 886 does not S|t
configured to set on the exterior of the unctu not illustrated, a

body porti & 8ghoelidee rraigg of Fisnhedheded Wﬁeemﬂf@r QA MM FUAPTFDARCE S

into the | A

806 Un | ke PPHre 988 St e t2koby pBRld Py 9 Hadling IR s8ehe
4B, the balthebaldeagusal plessotoduring |ts>ms@rt&j1vahd:l/er réragalrfrah thde
body 804. The collarette 802 may conpri se an aperture 808 extendi ngﬁo

into tA8 bawpchoer {heaPerdre 808 Ay iRCemaspiery reieryaic 8l f Matin copugyrs
punctal pl 4d90 g'q\ 5@%&&%%&%&@&%5%@@6& 1fm§b?uoon

10punct a. € ape ncorporate a reservolir
confi gur ed Headritcmag be aﬂﬁgeammdlstaagmhbnmfthebodalBDdrredeesd:hle bed

above. The b | | oon. he 8 may. be affixed to dj st al rtlon of th
body 04 T SPlaioRe BUP ¢ s Balp3) Bpe BYGaY he XA RURDIBGEE be
affixed in L@II@IH?%‘?'S%HEB‘%”@%&HE i teﬂﬁmﬁ’éﬁ‘t ﬁl‘éll}ozrﬁ @rem?ﬁ@?né B%I(Ijo(?y 804

attachnent, 1 ncruding wel ding the aloon 15 to the
or utillbzi m@atadabtmthe botly 804 drawtiliaing adm:snfELZAexmemnrigrrfem&ﬁz he

ool e headbahy b DR B SR BR A BB h il
al l oon he

the above Wé&msamrrﬁéaa B08TH Ak BBAL; raﬁaﬁumfrb?éd mmbum%&ms
positioned to maintain the low profile o bal | oon punctal plug

800. the above described exemplary embodlments the inflation lumen 812 is

positioned to maintain the low profile of the balloon punctal plug 800.
20
In all of the above described exemplary embodiments, the balloon may
comprise various materials, thicknesses, folds and the like to create any
number of anchoring configurations to secure the punctal plug in place within
the lacrimal canaliculus. The balloon may be incorporated within the body or
25  bulb/head of the punctal plug or affixed to an external portion thereof.

Although shown and described is what is believed to be the most
practical and preferred embodiments, it is apparent that departures from
specific designs and methods described and shown will suggest themselves to

30 those skilled in the art and may be used without departing from the spirit and
scope of the invention. The present invention is not restricted to the particular
constructions described and illustrated, but should be constructed to cohere

with all modifications that may fall within the scope of the appended claims.
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20 In all of the above described exenplary enbodi nents, the
bal | oon may conprise various materials, thicknesses, folds and the
like to create any nunber of anchoring configurations to secure the
punctal plug in place within the lacrinmal canaliculus. The ball oon
may be i ncovpdATtISACLAIMED IShe body or 25bul b/ head of the punctal
plug or affixed to an external portion thereof. Al t hough shown
and described is what is believed to be the nost practical and

preferred emqgi%@"a[iiﬁséf%@@mg@ﬁt that departures fromspecific

designs and neth escri be own will suggest thenselves to 30
t hose skil | edaipunctad piug inghaliimgpg bodyysetiomhaogtfirstepat sécond ermds; taime
spirit and scope of the,i tion. The present inventiaqgn isS,Nno
Estricted ¢ oahimaabieriible eI Tode S By PRRRR BRI Iicebead,
but shoul d fgn£8BaYHeeiGH to cohere with all nodifications that may
fall within the scope of the appended clainms. WHAT IS CLAIMED | S:

1. Alacriml insert conprising: a punctal plug including a body
and,second. e an flatabl e/ defl atapl e

portion having firs nds; .ang_.an.,i

b erent cooperartHrcrsnaeLEER ke Shinn ¢ odaT 1 L OirtyRh BBt S g Bue
portion.  configurdifiol rasf biithe ERELIGF oRE PRMEtUM, the ddilaidfielbeihyHided to
conprising a collarette conflgured to rest on the exterior of a

punct um t Hbe serord endofpee RgARPPIYMY to the second end of the body
porti on. 3. The lacrimal insert according to Claim2, wherein the
collarette conprises an aperture. 4. The lacriml insert

according to € ains Beritdaerdient ddverdiag Yo il 2whergn tsesolfaregser voi r.
5. The lacrimal insert according to Claim1l, wherein the punctal plug
i s fabri cattomATisema aPRIEYEset el ast oner. 6. The lacrinmal insert
according to Caimb5, wherein the thernoset el astoner conprises
silicone. 7. The lacrimal insert according to Claim2, wherein

t he 4. The lacrimal insert according to Claim 3, wherein the body portion

comprises a reservoir.

5. The lacrimal insert according to Claim 1, wherein the punctal plug is

fabricated from a thermoset elastomer.

6. The lacrimal insert according to Claim 5, wherein the thermoset

elastomer comprises silicone.

7. The lacrimal insert according to Claim 2, wherein the
inflatable/deflatable element is affixed to an exterior portion of the body portion

proximate the first end.

8. The lacrimal insert according fo Claim 2, wherein the first end of the

body portion includes a compartment.

8. The lacrimal insert according to Claim 8, wherein the

inflatable/deflatable element is contained within the compartment

10. The lacrimal insert according to Claim 2, wherein the first end of the
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i nfl atabl e/ defl atable elenent is affixed to an exterior portion of

t he body portion proximate the first end. 8. The lacrinmal insert
according to Claim2, wherein the first end of the body portion

i ncl udes a conpartnent. 9. The lacrimal insert according to Caim
8, wher ei n Hody porfibacabipeisdstl mulabl e el enent is contained within the
conpart ment 10. The lacrinmal insert according to Caim2, wherein
the first end of the body portion conprises a bulb. 11. The

| acrimal inse it

i nfl at abl e/ deﬁI a?g%ﬂé&‘é g@%?'@:a?bgt)nt tne b %lvﬂ%rﬁg‘ tl?l? | b. 12.
The | acr i mihflatablerdefatale dilergenbis@omitaind wmﬁhlmthmbwlhe

i nfl atabl e/ def | at abl e el enent conprises a balloon structure. 13.
The lacrimal insert according to Claim12, further conprising an
inflation porﬁZGW@W%ﬂﬁafth@?t%@ofc% ﬁf@lén@n 1, aviélRirPRlel oon
structure. l'acrimal |nsert according to claim9, wherein
the inflat maaulequtamme eldrogphtoropriges 8 dallaomafrueivie.st r uct ur e.

15. The lacrinmal insert according to Claim 14, further conprises an
inflation port extending fromthe collarette to the balloon

structure. 13 1¢heTQ@nﬂ1§FthSéﬂ|acb6ﬁﬁrﬁg tACEMt NduftBeierh Pridihg asher ei n
the infl atabl e/ defl at abl e el enent conprises a balloon structure.

17. The | adnfiatien pattextendigoremrige collarctiertr tee belleemetrueidiri si ng an
inflation port extending fromthe collarette to the ball oon
structure. 18. A method for treating an eye of a patient, the

met hod conpri $4nThe lacrimal inséit RGcerdmits elbing By gheheinithg a body
portion with a first end and a second end, into a punctum of an

eyel i d; andnflatabigfdedietaije glemant GAMABYisgSIe Prieam skuUBiUSre nt
cooperatlvely associated with the first end of the body portion to
anchor the punctal plug in a |acrimal canalicul us.

15. The lacrimal insert according to Claim 14, further comprises an

inflation port extending from the collarette to the balloon structure.

16. The lacrimal insert according to Claim 11, wherein the

inflatable/deflatable element comprises a balloon structure.

17. The lacrimal insert according to Claim 186, further comprising an

inflation port extending from the collarette to the balloon structure.

18. A method for treating an eye of a patient, the method comprising:

implanting a punctal plug, having a body portion with a first end and a

second end, into a punctum of an eyelid; and

inflating an inflatable/deflatable element cooperatively associated with
the first end of the body portion to anchor the punctal plug in a lacrimal

canaliculus.
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