EYE DRUG DELI VERY SYSTEM BACKGROUND OF THE I NVENTION S 1. Field of
the Invention The present invention relates to a pulsatile drug
rel ease systemthat is operable to actively punp drug fornul ations
into the eye, and nore partrcul arly 10 to a unctal pl ug conprising a
m croel ectronmechani cal systej b 1BY N3 ted reservoir.

2. Discussion of the Related Art 15The corner of each eye is called a
canthus, with the nose side called the nasal canthus and the tenporal
side called the tenporal canthus. At the | ower and upper eyelid

mar gi ns of the nasal cant hus are smal | openings called puncti or
puncta. As BACHGROUN E TI&N puncta shal |l be understood to
be the gl ural form of punctum Each punctumdrains tears fromthe
eyes. A 20punctal plug or occluder is an ophthal m c device for
insertion into a . pEidd oMreflngentye in order to treat one or nore

di sease states. Typically, a punctal plug is positioned to bl ock tear
dr ai nage thereby hel ping treat dry eyes. Punctal plugs may also be
utilized for i

treatment of a vs\frgée&\e/e%re ﬁgl@%gﬁorﬁﬂgge% téi glggﬁslg %QS r@l)éﬁse %Rsttgfrgtehrat

treat infecigepableitofdctivamtpuem dgjgpmmmaatroarednt@tthereyegahdrndes;mﬂeﬂarly

drugs are often required to be admnnistered tqQ the eye
10 to a punctal plug comprising a microelectromechanical system (MEIVIS) pump

and associated reservoir,

2. Discussion of the Related Art

15 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
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

20  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
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.

25

In order to treat infection, inflammation, glaucoma, and other ccular
diseases, drugs are often required to be administered to the eye. A
conventional method of drug delivery is by topical application to the eye’s
surface. The eye is uniquely suited to this surface route of drug administration

30 because, properly constituted, drugs can penetrate through the cornea, rise to
therapeutic concentration levels inside the eye, and exert their beneficial
effects. In practice, eye drops currently account for more than ninety-five (95)

percent of drug delivery methods for the eye. Rarely are drugs for the eye
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conventional nethod of drug delivery is by topical application to the
eye's surface. The eye is uniquely suited to this surface route of
drug adm ni stration 30because, properly constituted, drugs can
penetrate through the cornea, rise to therapeutic concentration
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20 15 penetrate the cornea results in an initial peak tissue concentration, a higher
level than is required for the initial pharmacological effect. This tissue
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.
20
To compound the problems described above, patients often do not use
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
25 protect the eye. Older patients may have additional problems instilling drops
due to arthritis, unsteadiness, and decreased vision, and pediatric and
psychiatric patient populations pose difficulties as well. Accordingly, punétal
plugs provide a viable means for solving the problems of reliable and efficient
drug delivery to the eye.
30
Punctal plugs may be of the temporary variety or of the permanent
variety. Temporary punctal plugs are usually fabricated from collagen or other

similar material and are dissolvable. Temporary punctal plugs may be utilized
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To compound the problens described above, patients often do not use
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20El uti on diherapettig apeots akgeleasedvoir of a punctal plug into the eye

is a passive process wherein the dose and rate of drug delivery is a
function of the drug, for exanple, viscosity, and the design of the

reservopr, for eangh ef aldieg @ Bie ﬂ@@éﬁgdﬁt@ﬂ@&ﬁnctﬁl blag ihtaGhelee 8%
al so influence the elution of the drug into the eye. For exanple,

physi ol ogi ®@ssivedireeess whereinthe dase aof tiate ofriiyg delivery is a function of the

drug, for example, viscosity, and the design of the reservoir, for example, the
one or more outlets. Other factors may also influence the elution of the drug
into the eye. For example, physiological factors, such as tear volume, may

25  affect the elution rate from one patient to another. Environmental factors such
as temperature and humidity may affect this rate as well. In certain instances,
it may be highly desirable to actively pump the drug from the reservoir in order
to achieve extremely accurate dosing. Active pumping is also desirable to
achieve non-constant, on/off, and /or programmable drug delivery.

30  Accordingly, there exists a need for a device that may be incorporated into a

punctal plug for actively pumping drug formulations into the eye.



25affect the elution rate fromone patient to another. Environnental
factors such as tenperature and humdity nmay affect this rate as
well. In certain instances, it may be highly desirable to actively
punp the drug fromthe reservoir in order to achieve extrenely
accur at e dSUNMARYIOF d HBVBYTIGNal so desirable to achieve
non-constant, on/off, and /or programmable drug delivery. 30
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devices as briefly described above. I n accordance with a first
aspect the present invention is directed to a lacrimal insert. The
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punctal plug having a cavity into a punctumo

acti vat i ng cantdined & et respecirintacah eye g apguatient onetermdnci n t he cavity
of the punctal plug to deliver a dose of the 20 therapeutic agent to
t he eye on demand. The present invention is directed to a

pul satijke drug ngleaseisneetin Ahdthepraspe@! thepteBEnthyentd Buiricté® a
medi cations and/or active agents into the eye of a |living organi sm
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a punctum of an eyelid, and activating a microelectromechanical pump

positioned within the cavity of the punctal plug to deliver a dose of the

20 therapeutic agent to the eye on demand.

The present invention is directed to a pulsatile drug release system that
actively pumps drug formulations, medications and/or active agents into the
eye of a living organism. As configured, the system comprises a pump

25 designed to fit into an injection molded silicone plug or lacrimal insert to be
inserted into the lower punctum of the eyelid. The pump comprises a
microelectromechanical system pump constructed from silicon wafers using
traditional bulk micromachining processes and wafer bonding and dicing. The
pump may be actuated by cycling a magnetic field in close proximity to the

30 punctum.

The microelectromechanical pump may be configured to deliver small

dose quantities of therapeutic agent to the eye. The doses may range from
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not di 4pl admckeends whienrthe magnetic field is removed The valves serve to allow fluid
to be pumped or drawn from the reservoir into the pump chamber and to open
into the eye when the pump is activated. The vent serves to allow air and
possibly fluid from the punctum into the reservoir to allow drug formulations to
be displaced from the system. Without the vent, the pump may stall or

20  otherwise not displace formulation.

The microelectromechanical system pump of the present invention is an
efficient means for delivering precise amounts of active agent directly into the
eye through the tear film. The pump is simple to fabricate, made from

25  materials that are suitable for human implantation and reliable and easy to
utilize. When the reservoir is empty, the device may be thrown away and

replaced.

BRIEF DESCRIPTION OF THE DRAWINGS

30
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.
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The m croel ectromechani cal system punp of the present invention is an
efficient neans for delivering precise anmounts of active agent
directly into the eye through the tear film The punp is sinple to
fabricate, made from 25 materials that are suitable for human

i mplantation and reliable and easy to utilize. Wen the reservoir is
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advant ages HifmaReyenvention wi Il be apparent fromthe follow ng, nore
particul ar description of preferred enbodi nents of the invention, as
Illustrated in the acconpanyi ng draw ngs. Figure 1

eye. sFogure o i Ba 2 HBlele el B of s SRR kR kB dnatiFTg
that is knmowmintthe zat.t. Figure 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. Fi gures 4A

10
and 4B are diagr th 6l t ' 0 r I :
conprising a m c@gglﬁe%ﬁ irdgkét%aél'?%gﬁl%?bes{%%ﬁgﬁﬁt%m@ac%ﬁ#gée% 'bll%".
t he presentfor theeriaease ofldtd gumere therapediiaggemtepthiac id kriowsit raghiecart.of

an exenpl ary m croel ectronmechani cal system punp in accordance with
t he pré ent invention.

Figures 4A and 4B are diagrammatic illustrations of an exemplary
punctal plug comprising a microelectromechanical system pump in accordance

with the present invention.

15 Figure 5 is a diagrammatic illustration of an exemplary
microelectromechanical system pump in accordance with the present

invention.

Figure 6 is a diagrammaitic illustration of the physical construction of the
20  microelectromechanical system pump in accordance with the present

invention.

Figure 7 is a diagrammatic illustration of the interaction of the
microelectromechanical system pump and a magnet in accordance with the

25 present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates the anatomy of the drainage system of a human eye
30 100. Tears are produced by the lacrimal gland, not illustrated, superior to the
outer portion of each eye 100. Tears flow across the surface of the eye 100 fo
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
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Figure 6 is a diagrammatic illustration of the physical construction
of the 20 m croel ectromechani cal system punp in accordance with the
present invention. Figure 7 is a diagrammatic illustration
of the interaction of the m croel ectronechani cal ?/st em punp and a
magnet in deawydraicthrough soiad pmpirgseintedonvafibe eyeliEnametp the upper
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nasal é?stéﬁ@dsl'%thﬁptﬁél’o}’%@!?’%al punctum 104 and associ at ed
canaliculus 108 typically only drain about ten percent of the tears
fromthe eye 100, such that their obstruction virtually never 10l eads
to the tear overTdaraorthe tearTmarchnmnsIdsethtmiayétsJ nT e fiyst ilenes or iodem
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15 microscopic irregularities on or in the eye’s surface which is important to clear
vision. The second layer or middle layer of the tear film comprises essentially
water and makes up the bulk of the tear film. A majority of the watery
component is produced or supplied from the main iacrimal or tear gland.
Emotional tears and reflect tears, i.e. tears resulting from a stimulus such as
20 bright light or a foreign body, come from the main lacrimal gland. Accessory
lacrimal glands, known as the glands of Wolfing and Kraus are found in the
eyelid tissue and also contribute to the watery component. The third or top
layer of the tear film comprises a thin layer of oil secreted by the meibomian
glands and functions to prevent the tears from evaporating too quickly.
25
Insufficient tears, or “dry eye” is a common condition caused by
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 punctal occluder or punctal
30 plug may be placed into one or both of the lacrimal puncta 104, 1086, see
Figure 1. Punctal plugs prevent the tears, which are being produced in

deficient volume by the lacrimal glad, from draining into the lacrimal canaliculi
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portions of
20  during its insertion into the puncta. Examples of punctal plugs may be found in

U.S. Patent Number 3,949,750 and 5,283,063 to Freeman, U.S. Patent
Numbers 5,053,030, 5,171,270 and 5,723,005 fo Herrick, U.S. Patent Number
5,417,651 to Guena et al. and U.S. Patent Number 5,423,777 to Tajiri et al.

25 In addition to, or alternately, a punctal occluder or plug may be utilized
to deliver one or more therapeutic agents and/or medications. Figure 3
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

30 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
addition, the reservoir may be refilled as required. As in the previously

described exemplary embodiment, the ophthalmic insert or punctal plug 300
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different punctal plugs are also simlar in design and are
essentially a nonfunctional connection between the collarette and the
bul b portions. The collarette 202 may include an aperture 208,
illustrated in phantom extending into the body portion 206 to aid in
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5,417,651 to Guena et al. and U S. Patent Nunber 5,423,777 to Tajiri

et al. 25| hdedighisdicons, is eesalibest hatein. it isimportantio neteithakanysuitdhle
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illustrated in Figure 2, to incorporate a reservoir 310, illustrated

in phant omexeaMilgiyeambedigiest sthgrkpdvenasier 3p8dnawbedlexinte. eitayenhe
surface of c%Sroné’r? shgﬁ'&' sh T390 Y %(/ldgjtﬁ’e %gé?gﬁt ng ph&“gﬁ&‘\l %)Qpe{mgllo%‘ﬁg it is

t he nedi catl on 1 h any" hanbér

conti nuous fillkd vﬁtﬂﬂmtedwat:ohhermaﬁtﬁtamer 30Rwnblorsethe IpIwsA308 t¢ ewiexiedor
As in the preV| ous] y descri bed exerr_E(I) ary enbodi nent, the ophthal mc

i nsert 18r @ikee Hcrigial pusoting dRfranske %(% Figrea 1 band maybe prayidgshwihd
bod I

?or (r)re)é P?gtd ‘%g'i? gﬁg%rrlﬁ efslt @IﬂLﬁ)&sgg AR @.'ﬁ@ﬁgﬁl‘?ﬁ%@%‘%%‘rm Oftler

i mper neabl do tontrbletheaﬂalwaty afma apeafic mddma‘tlolnL thehgeometry obithe 3déning

Al t hough S|I|cone|s scri ed her ei n, S |nportat to note t
any suitabi® 5*5%@8&&?%@ R eeYariaty Hﬁ‘j}’a}é% fier eropgle JF'P%OP%‘@Q\P&%

310 may be nﬁ%&g B@@e@ﬁr@d%?‘iﬂ@éaﬁ%rtt%‘ﬁ‘fbotl&flo'nrﬁt n%&r’idstgrflt {8 ﬁQS‘Yelgase

portion 306 t he ne exenplary e ment ,
porti orh5306aﬂmyi mdsatilexelbaee rate, an@upanemmweleaseame ami/alsamso provi de

th bi | th filled with

redi cat § on comINer Bkete ThiSUER BRERE: ThE . smedioatien Boelinste fiau e
10 of the |ré§éwﬂﬁ|319l4ﬁfbtﬂ°h@té% @ﬂ’tﬁelé’@ruﬁélqgkgh\m&r@tﬁé nRIFLABY ARes, as
provided with an openin 8 which is in communi cation W th the

reservoi r &ye.drpps dﬂd‘é’ﬂﬁttbe teﬂrsmd nef@t@ée the;eye &1 have pwcinterded

i . 3 b .
vari ety of RigyBeCREel dndincrarRRERIRR, sl UGl R et
rel easpog tohey BBOINGR! t@ApAse anEMead tbui SDAith eely SARAE ehd PlRf 300 i
pul satile rel ease rate, an exponential release rate and/ or an%)édhﬂﬁrom

cgnbl nat i oosiienawithin the sagalicalienand alsodo nrewﬂeaadlddwnaé veld
the reserveiL, 340 a%ﬁﬁ%}%ﬁ%@%%@'ég%ﬁbﬁr{)h eklﬂ:%rd'lgglbe féblgd YWE’F %'t%n fhe

medi cati on 1 Xes, ears an pene
eye to havedurhben@ueijtpk@mmetmgi cal and therapeutic effect

Al t hough not required, the punctal
25 Punctal plugs may take on any number of configurations, sizes and be
formed from any number of materials, depending on the desired functionality
and/or medications to be delivered.

As set forth above, punctal plugs may take any size and shape.
30  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
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
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20 plug 300 may conprise an enlarged bulb 304 to hel p secure the plug
300 in position within the canaliculus and also to provide additional
volunme for the reservoir as illustrated. An exenplary device may be
found in U S. Patent Nunber 6,196,993 to Cohan et al. 25Punctal plugs
may take orfirsmyo abab’e2.5dﬁn‘coRatl‘gamtlaaril one Jargeageninglabany oneatatinom
any nunber of .npterials, de end| on .t functi | it

e o meditutEenaE openiieR ey BY V3Re Jhe T i hpdtcdiig Havdiaugs
may take aRyhei Z&ﬁﬁ?ﬂalﬁh@ﬂ% a?oefw cﬁ@dd@é @bﬁomww bédryerri%vnﬁaahea
plug is in the shape of" an el ongat cyl i nder, y vary“in |length
in the rang@tpramra@aidhabrr@kﬁmﬂn@ph@o@aa@'tmﬁ@rwhmyt lsaiay:ednn\a dth in
t he ran e fro about 0.2 mmto about 3 mm The size of the opening
for caﬁ%EW‘HP drug release may be in the range fromabout |Inmto
about 2 5 mm Rather than one | arge opening at any one | ocation,

mul tiple small openings may be used. The body of the punctal plug may
be whol |y or par urmtalyplugawab%fﬁbr@atesbfaqmeanmmbﬁapfwtetbrl@ body

"Y1 s"ol nc Qb Bbust iy @fER inbDag T Ehe BeAne8inY, Sichte 265, 10°"
from any nyonaness f@te)t@bd)lé hympﬁmatm@ﬁcﬁnam@rrpcamdmwéthdnémacrylate
silicone, silicone blends, silicone copolyners, for exanp

hydr opAPI i PaksiBreps gd»fCObd?qlmmstwé@wqm@tar&h@lycqpé ammW Rydregel

| ycol |
oo yorer s PO Yor HAFIBERE dHSABES In YA REhL KRSRE MOABE, g
6, 020, 445, 650219@4856 096,857 60297 ,9290artd 8 3220015. Otharsuitablealbibeompatible

ey oSt o i b G
Bg: % x: %: FF%JM% (Ij%n&%ﬁﬂ@ @Fd?iﬁd’é?@dl&/@@ § RN IngE Sbohol),

15 poly(hydroxyethy[methacrylate) poly(vinylpyrrolidone), polyarcrylic,
poly{ethyloxazoline), poly(dimethyl acrylamide), phospholipids, for example,
phosphoryl choline derivatives, polysulfobetains, acrylic esters,
polysaccharides and carbohydrates, for example, hyaluronic acid, dextran,
hydroxyethyl cellulose, hydroxyl propyl cellulose, gellan gum, guar gum,

20  heparin sulfate, chondroitin sulfate, heparin and alginate, proteins, for example,
gelatin, collagen, albumin and ovalbunin, polyamino acids, fluorinated
polymers, for example, polytetrafluoroethylene and polyvinylidine fluoride,

polypropylene, polyethylene, nylon and ethylene-co-vinylacetate.

25 The exterior surfaces of the punctal plug may be wholly or partially
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

30 coatings include gelatin, collagen, hydroxyethyl methacrylate,
poly{vinylpyrrolidone), poly(ethylene glycol), heparin, chondroitin sulfate,

hyaluronic acid, synthetic and natural proteins, polysaccharides, thiomens,
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pol y(et hyl oxazol i ne), poly(dinethyl acrylam de), phospholipids, for
exanpl e, phosphoryl choline derivatives, polysulfobetains, acrylic
esters, polysaccharides and carbohydrates, for exanple, hyal uronic
aci d, dextran, hydroxyethyl cellul ose, hydroxyl propyl cellul ose,
gel I an gumthiplated giemvakehelyacrglid 4cd @ndodhiodan pélyaaylic acid, heparin

and al gi nate rotein r exanple,.gelati | I agen, al bum n and
oval buni n, P%W%%agé?'[}@ 0S§ ?%HEPH@H@'%NG%PE for exanple,
polytetrafluoroethylene and pol yvinylidine fluoride, polypropylene,

pol yet hyl ene, nylon and ethyl ene-co-vinyl acetate. 25The exterior _
surfaces of the Ipha&baen ;idawgi thiaj with edrtain yherappalic aaéntg aroaedidativns ita

nunber qQf differe bl e coatin The oa I n rovi de a
nunber 31 dBAPREEsTARE Bt Rgte v b el duhein SRGtdEpdle BOSH o
the device cdﬁ@ﬁm@dhg&;rwwsé rél@asg@lfr@wetﬁe l%%éﬂrcﬁlqmﬂﬁh'thé Iplih¥tal ﬁlug
texture to aid in anchoring the device and/or any conbi nation thereof

Sui t abl e biasbifgdniesios sedaea ot Hyswalie thad dlefoe dne resaredir dyeto possible

o yeol ) naperReRsr B legve RaMUgHE A 8 pEan MeraBRly attuiFen dhe
nat ural pr a4l fthegincts Gehar Irﬂ@@dltléﬁl iDABS Been thid Hze ¢hel psteMadesf of
pol yac(riél I c acid and chitosan ol yacryl i c acid, carboxynethal

cel 1 ul d8e dharapshiie ASENbWENKYbeBReNOITBEY Be@iddchanina Recten Af the
certain thge%?ﬁé{ lF%Oﬂﬂ §iatioRof %Eﬁﬁ{%gr Ql@guﬁwﬁhr{ﬁé &t%ﬁsdfr\%?hﬁsto

create a barrier ayer etween IC a en contal nin

material t mrimhona@é@atmbs‘ rBon &xemples arresemvolitinidy combeise wngingle Wllﬂ@rlca[
and the interior surface of the walls that define the reservoir due

to possi bl €NHEraIEN;Eh Ry nakRrrelsdtold apanticiiardiheraneuicradrat within
therapeuti g, %ounc{\/&lﬁr Wgﬂwetr%rﬂ@léwaf’gh%[g@ RUAGKTH a¥rier 1hPePGddHedve

It has been at t retention
15 layer may not be sufficient to hold the agent in place. Accordingly, the

geometry of the reservoir may be modified to include protrusions or indents for
holding the agent. These geometric variations may be utilized alone orin
combination with various barrier layers, adhesives and/or primer layers. In
other words, various combinations of geometries and coatings may be utilized
20 to hold the drug in and/or force the drug out as required. For example, a
barrier layer may be disposed on the external surface of the punctal plug to
inhibit diffusion of the therapeutic agent in the body of the punctal plug and to
inhibit the infusion of tears into the reservoir containing the therapeutic agent.
In addition, the geometry of the punctal plug may be modified to create a better

25  fit within the canaliculus.

The present invention is directed to a pulsatile drug release system that
can actively pump highly-concentrated drug formulations or medications into
the eye. The pump and associated reservoir would preferably fit into a
30 reservoir or cavity of a punctal plug which will then be implanted into one or
both of the lower punctum of the eyelid and the upper punctum of the eyelid.
Preferably, the punctal plug is implanted into the lower punctum of the eyelid.

[n the exemplary embodiment described herein, the pump may comprise a
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10 therapeutic agent within the reservoir may be aided by the
selection of the geonetric configuration of the punctal plug, or with
the addition of various anchoring features. For exanple, a reservoir
may conprise a sinple cylindrical configuration which may not

secur el y hohigreelpetremeahanicalsységre yintp agrstrucied friom siieom e@éergaising | n

ot her word hat shape, even wi.th a priner er or a ive, 15] ayer
mmy not - be taiiea DA Fier iR afhesse ShaMimna i At he
geonetry ofcyhhg arrﬂégﬁél% fielday cRRemekinigottRe PR, Mi8lhBsHaAStoNote
i ndents for he agent. These geonetric variations may be

utilized alfbabaw sultatdwncﬁ@@!eqimohetrhca}@yis@mg pPoEY ingly U%Lytdtzgd to deliver

of geonst r | B0 REnAF e Rifes:2o AafBlishPth wiRshi i’ Rl s

and/ or f or ganging iAthe 0DA-0FD riblitdradngEor exanple, a barrier |ayer
may be disposed on the external surface of the punctal plug to

inhibit diffusion of the therapeutic agent in the body of the punctal

plug and to i nhihﬁfc?oél@& 6rﬂggﬁérﬂ€aloﬁrtn}c§.§'r8 Mgﬁsi %@d égrf)eﬁ;ri(%}éer}gm%ered

contai ning the therapautic-agen ryo

punctal pl uevices dre dmmnftlyejémgndevaap@d forteevamaty 25 bpplivdtidhisibedagse of
canal i cul us. present invention is directed to a pulsatile

dr ug répeasFEe%??leeﬁ?%th%ﬂd eigbiity. i Many q@‘tﬁrﬁnhth@sm%@wﬁg@‘éee%an@
formul ati ong, H%Jofgeﬁ#era%?ﬁ%;éapéa b!%d swildHesPYaRe & Wi Vgégéi’sat eg

reservoir would pre reservorr or ca
punct al pl uglcvotmofmrwahtl dthmrmb:eomlaphmtje:tbwcrﬁsdhaharmama obf‘ncrtba or

| ower punct um, Qf e unct um of the eyeli
Prerer lel é,a%\eﬂ% ol hesa Tt Syisas By b Sy aodRg: Vet Olm of
e eyeli i
y gmcé%§% ﬁ??ﬁﬁgﬁ%i{@&mh Wisigh Iﬂﬁﬁl’srburhp§ SPR}HNes

My conprise a mcr system punp construc from
si | i conSwafare sitilizddhand eptical epplicdiionk mMmWMEM&Ilggt yaleezane shuttars
punp may be ac V ded by cyling a magnetic field in close proximty to
the punct ul"®M"#&%i nportant to note that any suitable

m cr oel ect rochem cal system punp nmay be utilized to deliver 5single
doses of drugs in the 2-20 nanoliter range with each stoke of the
punp rangi ng i n MBEMSdedces bavaselisid wpan vaniays techniques to provide the

M croel ectr ur her el engi neer ed
devi ces ar ﬁ%&hﬁgﬁ 6‘%%%%91?33? Loeegl?%%ﬂ('?@%ﬁj%gp Q)gi@@mtﬁ‘g} 8I i cations
becausepof mitdiiuctirese For @xbmisl d=gltiicverd hhye bdBRentfilbfed &Napply
varieties of MEMS devices and
mechanical force in order to rotate micromachined springs and gears. In
addition, some micromotors are driven by electromagnetic fields, while other
micromachined structures are activated by piezoelectric or electrostatic forces.
MEMS devices that are actuated by the controlled thermal expansion of an
25  actuator or other MEMS components have also been developed. These
thermal actuators may comprise arched beams formed from silicon or metallic
materials or combinations thereof that further arch or otherwise deflect when
heated, thereby creating motive force. As an additional example of a type of
thermally actuated device, thermal inkjet printing may be considered one of the

30 classic applications of MEMS.

In practically every application of MEMS devices, precisely controlled

and reliable movement is required. Given the micron scale dimensions
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actuators have been created, including switches, valves, mcrogears,
m cronotors and ot her m cronmachi ned devices that are capabl e of
notion or applying force. These MEMS devices nay be enployed in a
vari ety of applications, including hydraulic applications in which
MEMS punps assovitedwithPAEMSustridtoess, staide apdipredictabid moaeimand i n

whi ch MEMS | ht ! d shutt til d ,
vt cen hostararteidic e 0merant | Th8 v ment aaiserisics HMEMS devices

force necesgarpe Eﬂe@t@ld%%/ :hﬂﬁhsii?%'cfcﬁ‘g stieh 'a%ﬁhé"t%lé bf H&f‘ér?alggtlhzed to
m crostructures. For exanple, cantilevers have been enpl oyed to apply

mechani cal fabricageithe MEMB deviemtthe @llmensslonaandmé'dlcwemﬂ@s;e bizMGetevice,
tic,fields,

I ddi t d o)

whi | oPher T PGHEGH AEa B aerabe s UG o Mg daRebatrect 1 o

or el eCtrO?{ﬁ@@erﬁeﬁpéffeﬁécteNEﬁ@ SEMENSS delites 3@ b’@éﬁ@étéé )@)&ﬂ"\%lc factors
controlled thermal expansion of an 25 actuator or other

conponent s Shghasdiuduatians indve ropaent l’ﬁﬁ&@éa&tlﬁ%mrwhlc@dhadﬂﬁm deyice

combi nat ot P ReReat s HEHARE B PRETSbiFEI: B BRtiPst BePRe Bleb{ly fom
heat ed, t heleaine tordalicd)gFoPEtampoWede themedilyasdidtod MEMasWLEs afe a
type of thermaltelé;?/bact uat ed device, thermal inkjet printing may be

consi ddPed abiestest by Rl obthe phews tacigrs) thexiarsmardsulatiysensitive to amgient
practical | YopeYAli Wérﬁﬁfr&%ng{%ﬁ@g@sg&% aﬁlgsunl%gmesrﬁ‘l gﬁﬁ'{bne% &‘iils

and rellablg IS require m cron sca NnsSI ons

associ at ed bwilt Imtd/EMBdsticaor ltlﬁeffmal gbabbEsancbrporied balpaet ofttherdavice
characteristi Es are inportant, The novenent characteristics of NEMS

devi ces cad ag‘l”ﬂe@’f"@& types At thermally pekiated MM deviqesanay gperte
materials gﬁﬁ%&ﬁ%&&%& SRohESH El%em ] c’ftﬁnc%é W AbUE RSt BHF? iAnd

structure devi ce, nd the effects sem conduct o
pr ocesdivanespormesto thBrradUacttuamDn thesetbbeaetite hbatirarorcodinge bubllstvEus
[ rinsic factors such, as .fl uct uat,i

devices can be affected b ns
the. anbi ento CORPEPSLITE THORI CROGHIGANERSiNTbe | Berad Wt Bvpact
of both t h%dv@hfal 'u§ tara@vs Fi])rdtﬁél’ &p feé‘b‘f%ém’f@%Eé@ué’teH ISPRICHRYS Bfatt O
devi ce. For exanp whi | ermal I'y act uat ed M5 devi ces are
would operate more rellably or more precisely even when exposed to
significant ambient temperature fluctuations. Numerous applications, including
20  switches, relays, variable capacitors, variable resistors, valves, pumps, optical
mirror arrays and electromagnetic attenuators would be better served by
MEMS structures with these attributes. However, thermal actuators are utilized

when necessatry.

25 Referring now to Figure 4A, there is illustrated an exemplary punctal
plug 400 configured to have mounted therein a microelectromechanical system
pump and associated reservoir. The punctal plug 400 comprises a collarette
402, a bulb 404, a body portion 406 and a bore 408 into which the
microelectromechanical system pump is mounted. As illustrated, in this

30 exemplary embodiment, the bore 408 extends from the bulb 401 through the
body 406 to an opening 410 in the collarette 402 for drug release. The
microelectromechanical system 412 pump may be press-fit into the bore 408 of

the punctal plug 400 in a manner that prevents the microelectromechanical
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10affected by all of the above factors, they are particularly
sensitive to anbient operating tenperature variations. Essentially,
unl ess thermal conpensation is built into the device or thernal

control is incorporated as part of the device packagi ng, sonme types
of ther nal |systarn payel4 MEKSmi pratosingring mother puretalmiue d D6t tisrgbyor

| 5
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st ruct ur es athert typeunedioplarate a@beelveellnélmspxemm@w@rpb@dﬂrrm yhehate

Norer ous sl bAoAy D el iR OBt sUrdEshaRs may be

capaci t or s,ytMaéd.abl e resi stors, valves, punps, optical mrror arrays
and el ectromagnetic attenuators woul d be better served by MEMS
structures with these attributes. However, thermal actuators are

utilized when n t ' InS, 0

' ust rat ed an SIS 4 P S3Redid vy OGl b PFedftea! mEbadadut the
therein a miersséetrdmeoemtieal syatens ysirand pRisp MEIMSaarAp i4dRedrhe MEMS
reservoir. The punctal plug 400 conprises a collarette 402, a bulb

404, alBodpyser fil dcommisesch Lesesair aaspeRert 4l and arump component 416.

croel ectr I
tmhl s 30 exﬁ%&mgﬁoﬁ%ﬁ@@lﬁg@t?gﬁgag@@x 0eI b drﬁét gul b 401
t hlr ough t_rll_ﬁomuph@%fdmemseﬂlewthgle%o Atrthetﬁlgam;jcmitetthe p(]lﬁip for ](c:Ir ;Jg
ease. e mcro t ronechani, ca ste ma ress-fi
hto the bEPETRTETATBERIGRENDIT GTURTRE 414 CormaRs 3 VAR 4B casribe
the m CrOG'[\ﬁEMs)ﬁ@ﬁ,% @'c S LS BxBIIRe possﬂﬁ?étéﬂ%% (%Uéfﬁl‘y”ﬂwécfe%w

punctal plug 400 ere reveéntin e nlrri ion"to the eye
The NENS pmmpftimemmwbepe@‘ewtéyivaytedrtp teaiatrabsgharearsamibient emadrgrineent

20, o o GRS B B e

subst ant i algottohf6t feguthittal 1YV it nfdYbe pBsSibRUhaRHEreSBARSE BHpOfent
414 could possibly backfill with air, tear fluid or even perhaps mucus; however,
this backfill would not create a level of fluidic resistance high enough to cause

20 the MEMS pump 412 to stall. The pump component 416 comprises multiple

components, explained in detail subsequently, designed to pump one or more
doses of medication or drug formulation per day into the eye over an extended
period of time, for example, three months. After the three month period is
complete, the MEMS pump 412 may be removed and a new one inserted or

25  the entire pump and plug assembly 400 may be replaced.

in the exemplary embodiment illustrated, the MEMS pump 412 may be a
substantially rectangular shaped structure with a height of 1.8 mm, and a
length and width of 0.4 mm. The reservoir component 414 is preferably

30 designed to accommodate 100 nanoliters of drug or medication and the pump
component 416 is preferably designed to pump, with each stroke of the pump,
0.02 nanoliters to about 0.50 nanoliters such that a single dose will be in the

range from about 2 to 20 nanoliters. The drug formulation or medication to be
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utilized. Figure 4B is a sectional view of the exenplary
punctal plug 400 with the m croel ectromechani cal system punp 412 or
MEMS punp 412. The MEMS 10 punp 412 conprises a reservoir conponent
414 and a punp conponent 416. The reservoir conponent 414 is

confi gur ed pumpey ihtothe eye prferablyibas arviedosity dmthe wngeadfebh8@0 imbH00he

At th it th 41 t.h
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20 treatment.

Referring now to Figure 5, there is illustrated the exemplary pump
component 416 in detail. The pump component 416 comprises three pole
sections 418, 420 and 422, a piston 424, springs 426 connected to the piston

25 424, four spring loaded valves 428, 430, 432, 434, four valve seats 436, 438,
440 and 442, ftwo intake ports 444 and 4486, two output ports 448 and 450 and
two channels 452 and 454. The pump component 416 employs a dual-acting
piston 424 with the forward stroke driven by a magnetic field and the reverse
stroke driven by the springs 426 attached fo the piston 424. When the pump

30 component 416 is subjected to a magnetic field, the field lines pass through the
poles 418, 420, and 422 pulling the piston 424 in a direction that drives the
drug formulation, illustrated as dots 456, through outlet port 448 via channel

452 by opening valve 428 and closing valve 430, against seat 438. This same
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and may be forned from any suitabl e bioconpatible material suitable
for holding drug formul ati ons. The reservoir conponent 414 may be
coated with 10 an agent for nmaintaining the potency of the drug
formul ati on. The reservoir conmponent 414 nay conpri se one or nore
conpar t nentactiandiavsed adivieedt32 thhaose against seateddlband opegvatvedIdhthereby

f eat t hat optinize f ' ing.. h feat i
bt e desi AW I8 &g fafufafon i dedBatith inghe Bssiok et adeita,
creating CbStHndrasy. @rﬂf@ﬁ{eﬂgg?ﬂéﬂi@ﬁ@w@r@'ﬁﬂ%dﬁhe%‘éﬂﬁ ubboull

§
feature is to round corners inside tThe reservoir to reduce ?he arount
of f1uidi c thegiston 4L2Hdaekripto Eheriginal pasiion iesdigplacadhe deeg fosmulatioan in

I b d wth h habi,c .or  hyd Ll ti
B eane ot o GRNTH S87 bRonERlly B ARPE RSB wANR FRCoquifel Pa 4.
properties Aﬁc@diagw@m@ﬂggeé ardHbRldred by Qelirsy'a fﬂn@%ﬁ'm! fReld .S Irthe rest
hydr ophobi ¢ or hydrophilic silane 20 treatnent. Referring now to

Fi gure 5, taesition, gllivalMest42s, 480t A32 endriidaare ¢losgr agaipshesatis 486, #a8,

detail. Th . 416 j I ' :
and 422, o FGTRNHAZREAETRVARE ASTRES bl ERsBENENRIPEA S5 Eudn,
four springldsErdestaserMasadichtingIfe HIesdgdps hmihhepdnten IR brockss;
438, 440 and 442, two intake ports 444 and 446, two output ports 448

and 4500and'oWRyeEHBRRRI0GPEEDE SRl B2 mMisrons s s sehEerresest enpl oys
dual - act i; 4 Wi Rt : ' - ti
field and trdoRicaftledisod] ThisMpRitbLesy isrEBedelaily e REMARE' ! ©

t he pi st on hHaddbeadispehsediuAp e dosaodispendddbirom helgiekt pdribei4d and
magnetic field, .the field |ines. pass through the Ipf\(il es 418, 420, and
422 pul | i nd0né prespericd inat Rlinkin Weuld wvstae tar Jenstor washythgy

fornul ati Orh'l%(ijil:éﬁ% bRl @m@%%nﬁﬁ@ythb@g&;ﬁgpsgﬁtsi&t%ﬁﬁ%tdrﬂé%rw a

channel 452 by openi ng val ve clo agarnst seat
438. ThHbs saedicatian indmthenege fissee as s4Bdrihoaldvas et ayat betnatedthat4beand

| ve 434 thereby allowing the drug f t medi cationj
TR oacr VoIS DR e ¥50E SRSt i RBton b3 bBRRSRIGAR feed the
field is remuetas MIRhSY houkibIG46 pPeNdnt PA8sRE &KiInd 8¢ tHAGHIJ iRtPtHel Sye

original position to displace the drug formulation in 5 channel 45
by openi ng hesveen gdegeand cl osi ng val ve 434 agai nst seat 442.
Accordingly, two doses are delivered by cycling a magnetic field. In

the rest positi : 8 A

agai nst seats 4(3;%[3 %C \éﬁh%t?g%tg%ﬁfztﬁrégg%@%’f?%ﬁy%%%“ﬁ@iﬁj ﬁlg,ug? ﬁ',
cl osed2gal VRieraeas tirebsdilohi [alérs 6020504 drecens Bohded edydtihat thagfdriethe
devi ces, gaps. are inherent in the process; 10 however, these gaps are

only 1 to Pagicepirughafl e regenvaicgarengnti4id g thecrwmp cemegient s

punpi ng pr i b i

hs The dosa e hEd SREH BSchrbhy, ddPahdsBb 4405 A 3R BoAl SRR Bulk
expect ed t maicrdrhactinimg prouéss themsisoridesl ogatheriwith & fusiers bohdieg process
medi cation or drug forrmulation jnto the eye for diffusion of the drug

or 15medi cAGMWREN FAYSTS RE2 AN §0480¢ alloxatebgsed PRHGIY. CAMPORRTL be
becn ont, moseaeT Pty 8D o O MR beliedF 1BR B00 B Aforict, Sheras
passi ve | egkinmgryoeasdrefairusing thieosiloxane yendetgnegentde tesreate a 1 micro
meter gap between the layers thereby providing needed clearance for the
components i.e. valves and pistons, residing in layer 606. Layer 608 is a glass
cover that is added to the top of the stack so as to provide visibility into the
30  working of the pump component 416 and the reservoir component 414. The
base layer 602 is about forty (40) micrometers thick, the reservoir layer 604 is

about two hundred seventy (270) micrometers thick, pump layer 606 is about
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The basic construction of the MEMS punp 412 is illustrated in Figure
6. 20 There are three silicon layers 602, 604 and 606 bonded toget her
that formthe basic construct of the reservoir conponent 414 and the
punp conponent 416. These three silicon |ayers 602, 604 and 606 are
et ched usi ritityd&0Y ericioomatersoihidk and trengleks ryey 6p8 de absut foety (WOhded
together with a fusion Eonding process between | ayers 602 and 604 and
a sil oxane-"B%XE¥Y Eﬁ?@ﬂﬁ' conponent 25 between | ayers 604 and 606 and
bet ween | ayers 606 and | ayer 608. The primary reason for using the

si | oxane bondi ngrRggitee ipsld @ecstroﬁ@tﬁ@420@rrermzrgkee§n|@@ppbﬂiohgqnattMe
| ayers thereby providing needed cl| earance for the conponents i.e

val ves and hgeh metalizedsiheri§respolgyaactions 4182439 apdgid2smay feametalizedr

R L R T

conponent Zliby utitigingass meidlizaboR techrafoekndwn tiry tHe e vart rpireT eg Svo
thick, the reservoir |ayer 604 is about two hundred seventy (270)

ni cr omet er ENHPRIRS 469@1(1 432 arestived withinohe devige yhilesthe middle pelat 8
hi ck and !
LY e e85 08I RN 0t Pido 43T PPN & Sorleid

have been retlad sprngs 406 or otiesr asiag seednonthe pBlesiRiB, #20 AP42Burde
uctive material such

netalized 5 with an wtblena cally, cg 8

as a n| leldeél‘ﬂi‘qdrw&bﬁ Gf’lqr} al%ﬂge 'ﬁﬁ'gﬁﬁfﬂ% igl ﬂppéﬁoﬂﬁéﬁhpfm‘é‘“'ty to

k th

Wi the HedBYREd R ﬂa@ﬂeﬁr@ﬁaﬁ“é GBI ERIS BAeHTE HEFUR Fcldr#84 as

associ at ed daschibethabpivet dmysRidtaimte mleaha nay be u§lizahivecareate acpulsmde
426 or aqt her a oIe 418, 420 and 422 e

Tbdes gned aa@nelia i i eandsl BRgltRing EehexTErE: eingnanaBereeBRbIaty

proximty rRay Bé p(ﬂfPééth?r cérﬂﬁa[l@ﬁ%@n‘é&te‘cé 6&]@98 ?r'ié@‘%ticﬁﬁa! e Bﬁilz%d

418 into the p| ston 424 as descri bed above. Any suitable ans may be
utilizdd t dierealely, anpelesmembgnemaytecutilizetl d Ragardinss of thentypeadideyice

create o potUgdALaae PP aRs s Wise Fobin A6 Rl B o’

el ect r omagngipromm Aesly & tol Az gfcroRegar dl ess of the type of deV| ce
utilized, it is preferabl y positioned in close proximty to the

punctal plug, approximately 5 to 40 mcrons. It is inportant to note

that the devi ceg; gah hAhP AR GhEEMEESMtes set forth above represent

20 exemplary embodiments of devices and that specific elements may take any

number of configurations.

As set forth above, the MEMS pump may be actuated utilizing a

magnetic field. Figure 7 illustrates the basic operation of the MEMS pump

25 relative to a generated magnetic field. Essentially, the MEMS pump may be
actuated through a magnetic field, represented by field lines 401, passing
parallel through the two nickel-iron clad static poles 420 and 422 and through
the nickel-iron clad static pole 418 and piston. The magnetic field 401 may be
generated by a permanent magnet 700 such as a rare-earth permanent

30 magnet. The piston/moveable pole and static pole combination described and
illustrated herein is configured to take advantage of the fact that when a

magnetic field passes through one static pole, the magnetic field desires to
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20 exenpl ary enbodi ments of devices and that specific el enments may

take any nunber of configurations. As set forth above, the MEMS punp
may be actuated utilizing a rragnetic field. Figure 7 illustrates the
basi ¢ operation of the MEMS r) 25 relative to a generated nagnetic
field. Essdaké thd pathtchfdea&st mermaf@yhb@p@@smasmlmpm@dbat %, whgndhé c

field, 1 | el
two. i ckel RGP TR SPSEnG thisted S poiRis Al FifiieSagh e bolds
ni ckel - i ronypbAadns h«?égrféu@qiew 6&&@%@@{ 9 flrﬂ@taﬂaﬁﬁﬂ—,{ it GréW@ilﬂa 401
may be generated by a pernmanent magnet such as a rare-earth

per manent 300Ygape poleTard plsiqmﬂloﬁ@w@auble@mséeam%m@le ite cprate the path

advant age o 1 PR BRGERGATHE Peldhy PRRBOTR SlyhBlTa s

static pol erigifg paedidatwiser el ﬂkagﬁélldﬁ f8ldtie nbek@ohd enpagh tobvéranie the
reluctance to the opposite static pole, that is, when the magnetic
field pass|&P@n9mf@tf8-hdﬁﬁ%5ﬁ96p§§wf@nﬁd|ﬁdl |%:rs'wetwtpég%@wgtf@rmhﬁtlon or

pol es. We t t

e Gravs RGO IR R ipS EhrAREAER SR 3Bl ¢
pol e to creasgndthefigiatd flllgfdissiass thepositiomtiten temows or gecheapt &t ng
the piston. The piston is returned to its original position when the

magnet il€ f .r@%mt@ figld Sgﬁnawoea{wgweﬁprmrtedﬁwm e Bistamitp impeytral g
resi stance fiil §rFQéH"1 r

medi cat i On%o‘é’ﬂfg)@ hi igvéé%%atg%zebad ﬁbj&c cqtg tH pM%%tSbgﬂ%?ESWE se
enough nmagnme¢charfica Istbpsathhtl br@/cdnfagllraddao pkm:mdy conival mbeameatof/eor
decrease the . 10magnetic fi el stren th to allow the springs to return
The b ot on NeIOn TS REH AN BFASE IS BOGINBLe oxenpl ary

enbodi nents, the MEMS punp may conprise nmechanical stops that are
configured to precisely control novenent of the piston thereby

al | owi i§ for pr dcissmpodanhtp oatetthal any suitable magnet may be utilized to

actuate the pump. Magnets, such as permanent magnets, come in different
grades, sizes, shapes, and strengths. The selection of the magnet is
determined by a number of factors, including pump size and configuration and
the properties of the formulation contained within the reservoir. Depending on

20 function, the pump may be sized and configured accordingly. In addition, the
duty cycle of applying and removing the magnetic field could affect pump
efficiency. The drug formulation also plays an important role in that different
formulations may vary in properties such as viscosity which in turn may affect
the size of the pump as well as the strength of the magnet. An electromagnet

25 has an advantage in that the physical spatial location would be fixed and the
field strength could be adjusted based on current input to the coil surrounding
the core. A permanent magnet would have to be physically moved relative to
the pump to change the strength of the magnetic field as field strength is
related to distance by the equation

30 B a 1/d,

wherein d is distance.
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151t is inportant to note that any suitable nagnet may be utilized to
actuate the punp. Magnets, such as pernmanent nagnets, cone in

di fferent grades, sizes, shapes, and strengths. The sel ection of the
magnet is determ ned by a nunber of factors, including punp size and
configuration anihe éxemplapeMEMS pimp Hesériradihereiromaydre asadbtd déliviern

the reservaoir, endi ng.,on 20 fu CtIOﬂ na zed and
conf 1 gur e V82U Arvg ISt riamedhratcrR aries AR 56 Fas3h g inc
renovi ng t hfor@@mpbitfedimehe Iﬁlﬂbhlﬁlnaéﬁ@??e\l%ﬁmneﬁffrhﬁh%% disE@ed g
formul ation al so plays an i nportant e in that different

f or nul at i orglisardgrsy dihg exenplapeMEMS psioyhmay be gsessia geliver ahlaast ooen

magnet . San Aotde AOB LGN SLRE TBaf o e lver Al Rt DlpkE Y abifh pbfSis: For
spati al |0(é@<bhfmevmté|éi<ehﬁ)léﬂy>¢ﬂﬁwf8‘16uhﬁﬁrnh Pedusdd ®NIBINE aRéld st HCI

adj usted based on current input to the COI| surroundi ng the core.
per manent redpg@astingdiynmerate, epinastippyHEk ketofifers fraerate, evwhe@tmﬁéICl

PP ) 21 o RS G Bl ReBABAS 2hlaind ppbbgldle3be 6OLP
di stance. nite sthemteatyeNEMBhibition, des préverdohaiteillargiey. T stesfiplagy

deliver various drug fornul ations, nedications and/ or active agents
for thad0 oné\ﬂ%MSrwr@pdnay FI@ Ltaesatpr@wer Magt el slekilizai fyrexasmieon of

nunerous dic a@ﬂﬁ@g{&f&ﬂ.}]e, Bk ﬁﬁdetTBﬁe‘ﬂ%‘a%P\' e hedgeromiPsitiu depEIe used

to deliver |ve agent and r’ra rver

di fferent tpepafrotdst potaserinagents. For exanpl e, the exenpl ary MENMS
punp nmay be used to deliver azelastine HCl, emadastine difunerate,
epi nastine HCl, ketotifen funmerate, |evocabastine HCl, ol opatadine

el Phen! ram neTHERGRASlanf NS [RAQ) hidf RDSER Bl nificfics BRe_of

the treatnent, in Ition,” and p ergi es. eexerrplary
10 MVEMBS purwchmategmas mskemllrtg)amm;bmeesulfateshon'eatrommamcbpmmneﬂ-lﬁr

I I di | od i d t ham. I di
and per i ¢ GYABPLB SN ChroPRa e B P Do RER N b e B EElE o
deliver nyquERS semphfay be used to deliver ophthalmic dyes including rose begal,

sissamine green, indocyanine green, fluorexon, and fluorescein.

20 The exemplary MEMS pump may be used to deliver corticosteroids
including dexamethasone sodium phosphate, dexamethasone,
fluoromethalone, fluoromethalone acetate, loteprednol etabonate, prednisolone
acetate, prednisolone sodium phosphate, medrysone, rimexolone, and
fluocinolone acetonide. The exemplary MEMS pump may be used to deliver

25 non-steroidal anti-inflammatory agents including flurbiprofen sodium, suprofen,
diclofenac sodium, ketorolac tromethamine, cyclosporine, rapamycin

methotrexate, azathioprine, and bromocriptine.

The exemplary MEMS pump may be used to deliver anti-infective
30 agents including tobramycin, moxifloxacin, ofloxacin, gatifloxacin, ciprofloxacin,
gentamicin, sulfisoxazolone diolamine, sodium sulfacetamide, vancomycin,
polymyxin B, amikacin, norfloxacin, levofloxacin, sulfisoxazole diolamine,

sodium sulfacetamide tetracycline, doxycycline, dicloxacillin, cephalexin,
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15cycl opl egi cs including atropi ne sul fate, homatropi ne, scopol am ne
HBr, cycl opentolate HCl, tropicam de, and phenyl ephrine HCl. The
exenpl ary MEMS punp nmay be used to deliver ophthal mc dyes including
rose begal, sissam ne green, indocyanine green, fluorexon, and

f1 uor escei ram@Xiditie/daeutahie; veftfiddonsopfixime, keythramydin, cidxachr,
corticosteroi ﬂs I ncl udi ng dexarre|t[ hasone sodi um phosphat e,

dexamet has GrENraMYGIR BRAARYSHE SUfadigzibpeRd PYHISH NI e, | ot epr ednol
et abonat e, predni sol one acetate, prednisol one sodi um phosphat e,
medrysone, rinexolone, and fluoci nol one acetonide. The exenplary MEMS
punp may be usedhHeocexErhplaey MEBVIS puste nEydsd used to delivaaragents fordlgeohe

I ncl udi ng flurbi profen sodi um., suprofen diclofen c sodi um or ol ac
t ronet hami ¥ m%@c?fd[éﬁgﬁag@ Pé’ﬂﬂﬁ&'@i‘na%ﬁﬁ)\ferné'?at glacona wfqoii%g and
bromocri ptidMiep ﬁﬁe@xﬂﬁmcﬁﬁ i hé@yaéiénﬁgﬁéjﬁéép@@rjs' ¥eluding

anti-infective 30agents |n i ng t cin oxac
of | oxaci n, apaoclibhidirecamd bnrrmmrhhexmiahlocbenstlaoluding, bestakcb[ols@mteolodme

o t Foxact ASvaEidlcmaBb el fod BRI Rt snBied dheifing st backel o
sul f acet amﬁiacé@ﬁ@%@i.h@ﬁerwmﬁibﬁbwihci@ii.ﬁboesﬁs@dshgmm&gﬁ@al exin,

anoxi cillin/clavul ante, ceftriaxone, cefixine, €rythronycin,
of | oxadPn, eshothiepmte] mrbgemmm(dirase whilfitads, aizqzluéingaanet@z;alamnﬁieham ne.

h | \ NS f 5
T oot T B iR, SR, H3E el ol SRl and °"° >
i ncl udi ng %ﬂbﬂﬁﬁiidééim‘é:iudirﬁt?ﬂIéﬂ%lnﬁgrdi#ﬂbim%ﬁtcﬁﬂmst AraVsprasBdnepRItSe

receptors, |nclud|ng apr ocl oni di ne and bri noni'di ne; bet abl ockers
i ncl udi ng Isédadedr end teeyppeasitol , | evobunol ol , meti pranol ol , and
timolol; direct motics, |nclud|ng carbachol and pil ocar pi ne;
cholinesterase inhibitors, I ncl udi ng physostigm ne and

10echot bi ophat e;TheasmplanaMBMS agenp Maylid ased td aslivettiamiviral agents,
acetazol amirglceluding fomivirsen sodium, foscarnet sodium, ganciclovir sodium,
valganciclovir HCI, trifluridine, acyclovir, and famciclovir. The exemplary MEMS
pump may be used to deliver local anesthetics, including tetracaine HCI,
proparacaine HCI, proparacaine HCl and fluorescein sodium, benoxinate and
20  fluorescein sodium, and benoxnate and fluorexon disodium. The exemplary
MEMS pump may be used to deliver antifungal agents, including fluconazole,

flucytosine, amphotericin B, itraconazole, and ketocaonazole.

The exemplary MEMS pump may be used to deliver analgesics

25 including acetaminophen and codeine, acetaminophen and hydrocodone,
acetaminophen, ketorolac, ibuprofen, and tramadol. The exemplary MEMS
pump may be used to deliver vasoconstrictors including ephedrine
hydrochloride, naphazoline hydrochloride, phenylephrine hydrochloride,
tetrahydrozoline hydrochloride, and oxymetazoline. The exemplary MEMS

30 pump may also be used to deliver vitamins, antioxidants, and nutraceuticals
including, vitamins A, D, and E, lutein, taurine, glutathione, zeaxanthin, fatty
acids and the like.
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bri nzol am de, dorzol am de, and net hazol am de; prostogl andi ns and
prostam des including | atanoprost, bimatoprost, uravoprost,
unoprostone cidofovir and travoprost. 15The exenplary MEMS punp may
be used to deliver antiviral agents, including fomvirsen sodi ur’g

f oscar net sodi unfhgydmd i@rwlaﬂ@@dmﬁﬂca\ugngané?czﬂetw»fe agents delivered by

tr|flur|d| v, : np may

be used to 3Ie?(\§é—rfﬂ% g {rﬁ%hgs%ﬂoml‘([&%ng ?@bgﬁ%ﬁﬁwﬁaw

propar acai riacltéing pymhefuaeadrr@tltd@l palyehdrt Unciedirgj polgddiylamonhbgnoxi nat e

and 20 fl uor escel n sodi unk’ and benoxnate and fl uorexon di sodium The
b

exenpl ary ]m@ ﬁﬁ?ﬁlé(?o' ARSERPIYaTiie acjd) haﬁquvmﬂjayl og«ﬂelﬁﬁg glycermed
ot ocaonaz oY BTOR RS Palyy R REARe, TBARGIBidHhbrfealycel aRRRGH oy ™"

anal gesi cs gifar] glabanti-2Q, quednwpmmdmnulaad mﬂ&nlndexmm qmlymmham and
and tramadol . The

hydr ocodone, acet am nophe i bupr of en,
exenpl ary m&w'mn%em%ﬁﬂ QJE%‘%} Sé‘éq?hﬁf s\ ayns: PesaliPids, Apfudi ng

ephedri ne L)
h)?dr ochl or ir%fepé tet r ahya-rhozol pﬁéﬁhb% Hﬁﬁﬁ%ﬁgé% %@P%&%ﬁé@i%ﬁ%ﬂggﬁn%e
exenpl ary I\ﬂﬁlrﬁmqﬁﬂqﬁymdsalcaetdmwllue’é‘dl oleatleandrerowlemrgtyso]

antioxidants, and nutraceuticals including, vitamns A D, and E
| ut ei n,*“taurine, glutathione, zeaxanthin, fatty acids and the |ike.

The drug for nul atd gesd héﬁéi’hotﬁb'téﬁﬁ a@ﬂéé ggeﬁtcf*elféfr@ 18 Mhgerd@LbuBleest by
the exenplary MEMS punp may be fornulated to conprise exciplents

i ncl udi ng dsaatingt inhikiting andior alre\tm‘ltmm dl,SOTCl&fIQN(a dige@m yEb(ﬂmpwrymee

et LGB O A e MR

propyl eneg'afé‘élapabbé%fq}@’éﬂr@p}ﬂhllﬁmﬁg an@!d#fiﬁ\@%ré’rﬂmgfé/dfs@xd@* $Hisease of
cel lul ose, sorbitol, dextrose, polysorbate, nmannitol, dextran,

modi fi 48 peIngsRidoREs Phitke eyes. jare angHbEwti pi ds, and sul phobet ai ns.
The drug formul ati ons, nedi cations and/or active agents may al so
include fatty acids, castor oil, ethyl ol eate and propyl ene glycol.
10 It is important to note that while the exemplary pumping device

described herein is based on an electromagnetic motive force any suitable
motive force may be utilized. For example, motive forces may be provided by
20  piezoelectric devices, electrostatic devices, thermopneumatic devices and

electrochemical devices.

Although shown and described is what is believed to be the most
practical and preferred embodiments, it is apparent that departures from
25  specific designs and methods described and shown will suggest themselves to
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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As used herein, the termactive agent refers to an agent capabl e of
treating, inhibiting and/or preventing a disorder or a disease.

Exenpl ary active agents include pharnaceuticals and neutraceuti cal s.
Preferred active agents are capable of treating, inhibiting and/or
preventing dVHAIISdekAAERiISease of 15 one or nmore of the eyes, nose
and throat. It is inportant to note that while the exenplary
punpi ng devi ce descri bed herein is based on an el ectromagneti c notive

force any sui Aaddrimaldhsart cborpegintay be utilized. For exanple, notive
forces may be provided bg 20pi ezoel ectric devices, electrostatic
devi ces, t her noghBdiat Plegdeyingea cavty theseiny 86teni cal devi ces.

Al t hough shown ; { j j ] : t
practical and p%[;?]é%rsggderﬁﬁ%&?] %g?#{%sﬁbuf@ %H;d %&gﬁéﬂﬁoﬁﬁ%@%g@ﬁ%?es
from 25 speaavity of thespgnsabpldg mtichaitsoelesitoimkeedaringl mimphemd torsfiggest
t hensel ves to those skilled in the art and may be used w t hout .
departing fif &?ﬁwweatéswiqnedmr%%ﬁ@ dasaghe" Veqgentranairad iy the

i nvention iréS&gbirri%témé%‘fggf %g)attiaﬁt BR4khfdHgr constructions described
ed, 0

and illustrat but s constructed to cohere with all
nodi fications that may fall within the scope of the appended cl ai ns.

VWHAT IS CLAI MED 1. Al i | i t i " t al |
having a cavi ty & hEhetactml hedt actdifato it uhdieiani i danBudng
reservoi r RewiisRacdrbitd chifigGaditbYesf ort e HUBREAF HbUBetuih& bulb

m croel ectronechani cal punp being configured to deliver at |east one
t her apeut i dhalopajpetpintam canaliceluageata body aprion ¢annesting de colarette mnd

f ' . d. . : I ijal i
Recor di ng 188 B MnETSHBR Y frfopmienel s Bcisiieh oL BREbgang e o
confi gur ed gRly'gitio®n the exterior of a punctum a bulb that projects

into a canaliculus and a body portion connecting the collarette and
the bul b, wherein the cavity is forned in at |east a portion of the

claim e, wher it HEE prEIingrt gerrePelpi B RHE e iR 08 4 °

el ast oner . fabricated from a thermoset elastomer.

4. The lacrimal insert according to claim 3, wherein the thermoset

elastomer comprises silicone.

5. The lacrimal insert according to claim 4, wherein the
microelectromechanical pump and reservoir comprises a piston assembly
including a magnetically actuatable piston configured to deliver a first dose of
the at least one active agent upon application of a magnetic field to move the
piston from a neutral position to an on position, and a second dose of the at

least one active agent upon removal of the magnetic field.

6. The lacrimal insert according to claim 5, wherein the
microelectromechanical pump and reservoir further comprise a biasing
mechanism for returning the piston from the on position {o the neutral position,

two channels connecting the reservoir to outlets in the pump, and at least one
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4. The lacrimal insert according to claim3, wherein the thernoset

el astoner conprises silicone. 5. The lacrinmal insert according
to claim4, wherein the mcroel ectronmechani cal punp and reservoir
conprises a piston assenbly including a nagnetically actuatable

pi ston confiagky esbperathedly wesodateldrwith thesisiasingtmectadnismastcontel et flove
agent upon application of a magnetic field to nove the piston froma
neutral podft %ﬁt{Q@Séﬁn@r@CB&ﬁgﬁﬁhthr%ﬁh Heseorianede of the at | east
one active agent upon renoval of the magnetic field. 6. The

| acrimal insert according to claim5, wherein the

m croel ect r omecanThalaginral instt aeseding to dlaint efurthenpoinpeisitga asntng
mechani smfor returning the piston fromthe on position to the
neutral poSReHNg frad HiaiasenoictHrah thedulh &f thas BReIal PUg. out 1 et's in
the punp, and at | east one valve cooperatively associated with the
bi asi ng mechanismto control the flow of the at | east one active
agent through ttt’e The |aiama ehsert accordingfo Claie ¥ aehemen tHenser t
according to. claimé6, further co ri.sing a vent exten omthe
eservol © TRCERAROIHBCH LR pHeraN O A rabricated gt g

| acrimal insert according to claim7, wherein the

m cr oel ect ronechani cal punp and reservoir are fabricated from

silicon. SD Thé éadriavaliimssrt acrsxrdmgatomidt &gwheredn thienpigtonntresean iy
t he piston a&ﬁ furt&ver C ses_two stat oI Ies and. &eb .
moveabl e pdH B %%tra 598 8691"60% 9§aﬂteep'5 goeing

10. The | a(‘crornﬁgbtédqgeﬁé ne&géyupé pelet 0 claim9, wherein the two static
pol es and one noveabl e pole conprise a magnetically conductive

mat eri al . 11. The lacrinmal insert according to claim 10,

nckel O B e B MR behefgBees an

active agerﬁolemﬁd anRecedeverbl@ pbR ¢@Nprisd hena@tétméup@aﬁduawegnatenal
i npl anting a punctal plug having a cavity into a punctum of an

eyelid; and activating a m croel ectronechani cal punp positioned

W thin the cavity ?’I‘)hx% l%%nﬂ’r’aﬁ?ﬁsae!rtdgedbq%%ﬁ 3 ditei0 Gt Ak hiGnetically

t her apeutic agent € eye on
conductive material comprises iron and nickel.

12. A method for delivering a therapeutic dosage of an active agent into
an eye of a patient, the method comprising:

implanting a punctal plug having a cavity into a punctum of an evelid;
and

activating a microelectromechanical pump positioned within the cavity of
the punctal plug to deliver a dose of the therapeutic agent to the eye on
demand.
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