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Description

TECHNICAL FIELD

[0001] This patent document pertains generally to oph-
thalmic devices, and particularly to ocular implants. More
particularly, but not by way of limitation, this patent doc-
ument pertains to lacrimal implants, methods of making
such implants, and methods of treating ocular, respiration
or other diseases or disorders using such implants.

BACKGROUND

[0002] A variety of challenges face patients and phy-
sicians in the area of ocular and respiration disease or
disorder management, including adequate drug delivery
to the eyes or nasal passage and treatment of dry eyes.
In ocular management, for example, many current ocular
drug delivery systems require repetitive manual drug ad-
ministration and are often ineffective due to a lack of pa-
tient compliance or inadequate drug concentrations
reaching the eye. Many current tear flow blockage tech-
niques also have drawbacks, including being irreversible
in nature.
[0003] In order to eye treat infection, inflammation of
the eye, glaucoma and other ocular diseases or disor-
ders, drugs are often required to be administered to the
eye. A conventional method of drug delivery is by topical
drop application to the eye’s surface. Topical eye drops,
though effective, can be inefficient. As one example,
when an eye drop is instilled in an eye, it often overfills
the conjunctival sac (i.e., the pocket between the eye and
the lids) causing a substantial portion of the drop to be
lost due to overflow of the lid margin and spillage onto
the cheek. In addition, a large portion of the drop remain-
ing on the ocular surface can be washed away into and
through a lacrimal canaliculus, thereby diluting the con-
centration of the drug before it can treat the eye. More-
over, topically applied drugs often have a peak ocular
effect for about two hours post-application, after which
additional applications of the drugs should be, but are
often not, administered to maintain the desired drug ther-
apeutic benefit.
[0004] To compound ocular management difficulty, pa-
tients often do not use their eye drops as prescribed. This
poor compliance can be due to, for example, an initial
stinging or burning sensation caused by the eye drop and
experience by a patient. Instilling eye drops in one’s own
eye can be difficult, in part because of the normal reflex
to protect the eye. Therefore, one or more drops may
miss the eye. Older patients may have additional prob-
lems instilling drops due to arthritis, unsteadiness, and
decreased vision. Pediatric and psychiatric populations
pose difficulties as well.
[0005] Conditions of dry eye have been treated by
blocking the tear flow from the eye into and through the
lacrimal canaliculus. This has involved closing the canal-
icular canal by stitching the punctal opening shut or by

using electrical or laser cauterization to seal the punctal
opening. Although such procedures can provide the de-
sired result of blocking tear flow to treat a dry eye, they
are unfortunately not reversible without reconstructive
surgery.
[0006] In a field different from ocular management,
control of respiration-related (e.g., allergies) diseases or
disorders often requires repetitive manual digestion or
other intake of a medication, and as such, can be inef-
fective due to a lack of patient compliance or non-local-
ized drug delivery.
[0007] WO 03/057101 discloses an expanding punc-
tum plug which is used to plug a lacrimal punctum of a
human eye. WO 2007/115259 discloses implant devices,
systems and methods for insertion into a punctum of a
patient optionally comprises a drug core and a sheath
body disposed over the drug core.

EXEMPLARY ASPECTS, EXAMPLES, AND EMBODI-
MENTS OF THE INVENTION

[0008] The present inventors have recognized, among
other things, one promising approach of drug delivery to
an eye or nasal passage system, for example, can be to
place a removable, drug-releasing lacrimal implant into
a lacrimal punctum. It is believed that by allowing for the
sustained release of one or more drugs, the present lac-
rimal implants can overcome some of the drawbacks as-
sociated with current drug administration (i.e., manual
drop instillation or digestion), such as poor patient com-
pliance, waste, untimely application, or non-localized de-
livery. One promising approach to successful blocking of
tear flow from the eye is to place a removable, but retain-
able, lacrimal implant into the lacrimal punctum. The
present inventors have further recognized, among other
things, the lacrimal implant can benefit from one or more
of the ability to be easily implanted and removed via con-
trolled biasing of the lacrimal punctum or canaliculus, the
ability to be securely and comfortably retainable in the
lacrimal punctum upon implantation, and, when made
and used as a drug delivery system, the ability to allow
for the sustained, localized release of one or more drugs
at a desired therapeutic level for an extended period of
time.
[0009] Lacrimal implants for treating diseases or dis-
orders are disclosed. Methods of making such implants,
and methods of treating ocular or respiration diseases or
disorders using such implants are also disclosed. The
scope of the invention is defined by the claims. The in-
vention thus relates to lacrimal implants as defined in
claim 1. Any references in the description to methods of
treatment refer to the implants of the present invention
for use in the mentioned method for treatment of the hu-
man or animal body by therapy. Examples, advantages,
and features of the present lacrimal implants will be set
forth in part in following Detailed Description. This Sum-
mary is intended to provide an overview of the subject
matter of the present patent document. It is not intended
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to provide an exclusive or exhaustive explanation of the
present subject matter. The Detailed Description is in-
cluded to provide further information about the present
patent document.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the drawings, like numerals have been used
to describe similar components throughout the several
views. Like numerals having different letter suffixes have
been used to represent different instances of similar com-
ponents. The drawings illustrate generally, by way of ex-
ample, but not by way of limitation, various embodiments
discussed in the present document.

FIGS. 1-2 illustrate examples of schematic views
of anatomical tissue structures associ-
ated with the eye, such tissue structures
providing a suitable environment in
which the present lacrimal implants can
be used.

FIG. 3 illustrates an example of a present lac-
rimal implant showing a "half and half"
implant design.

FIG. 4A illustrates an example of an isometric
view of a present lacrimal implant,
which is configured to be retained within
a lacrimal punctum and canalicular
anatomy.

FIG. 4B illustrates an example of a cross-sec-
tional view of a present lacrimal implant
taken along a line parallel to a longitu-
dinal axis of the implant, such as along
line 3B-3B of FIG. 3A.

FIG. 4C illustrates another example of a cross-
section view of a present lacrimal im-
plant taken along a line parallel to a lon-
gitudinal axis of the implant.

FIG. 5 illustrates an example of an assembly
of a present lacrimal implant, which is
configured to be retained within a lac-
rimal punctum and canalicular anato-
my.

FIG. 6 illustrates an example of a schematic
view of a present lacrimal implant,
which is retained within a lacrimal punc-
tum and canalicular anatomy.

FIGS. 7A-7G illustrate examples of cross-sectional
views of other present lacrimal im-
plants, each of which is configured to
be retained within a lacrimal punctum
and canalicular anatomy,

FIG. 8 illustrates an example of a method of
manufacturing a present lacrimal im-
plant, which is configured to be retained
within a lacrimal punctum and canalic-
ular anatomy.

FIGS. 9-12 illustrate and chart example experimen-

tal results of a present lacrimal implant,
which is configured to be retained within
a lacrimal punctum and canalicular
anatomy.

DETAILED DESCRIPTION

[0011] In this patent document, biocompatible lacrimal
implants and related methods providing secure, biasing
retention within a lacrimal punctum of an eye are
described. The lacrimal implants comprise a poly-
urethane polymer, a polyurethane copolymer or silicone
implant body configured for at least partial insertion
through the lacrimal punctum and into an associated lac-
rimal canaliculus. The implant body comprises first and
second portions, in which the first portion includes a first
diameter and the second portion includes a base member
having a second diameter. The second diameter of the
base member is less than the first diameter of the first
body portion. An expandable retention member is cou-
pled at least partially over the base member and is con-
figured to swell via absorption of lacrimal fluid after in-
sertion into the lacrimal punctum. In this way, at least a
portion of the expandable retention member can be bi-
ased against at least a portion of a lacrimal canaliculus
wall to retain an implant position of the lacrimal implant.
In an example, the lacrimal implant includes a punctual
plug. In various examples, the lacrimal implant can fur-
ther comprise a drug or other agent supply included in
at least one of the first portion or the expandable retention
member, such as to provide a sustained release of a
therapeutic agent to one or both of an eye or a nasal
passage, for instance.
[0012] The present lacrimal implants can be securely
retained in or near an eye, such as for one or more of
successfully blocking the flow of tears from the eye, or
providing sustained delivery of a drug or other therapeutic
agent to the eye, nasal passage or other portion of the
nasolacrimal system. Configuring the lacrimal implant to
include an expandable retention member coupled at least
partially over a second, smaller diameter portion of the
implant body can inhibit the lacrimal implant from inad-
vertently coming out of an implanted lacrimal punctum
and canalicular position, and can be used to at least par-
tially block movement of a fluid through the lacrimal ca-
naliculus. In addition, by configuring the expandable re-
tention member to be coupled at least partially over the
second, smaller diameter portion of the implant body,
adequate adhesion between the expandable retention
member (or optionally, an intermediate swellable mem-
ber) and the implant body is possible via a relatively large
surface coupling area.
[0013] FIGS. 1-2 illustrate examples of schematic
views of anatomical tissue structures associated with an
eye 100. The anatomical tissue structures shown are
suitable for treatment using the lacrimal implants and
methods discussed herein. The eye 100 is a spherical
structure including a wall having three layers: the outer
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sclera 102, the middle choroid layer 104 and the inner
retina 106. The sclera 102 includes a tough fibrous coat-
ing that protects the inner layers. It is mostly white except
for the transparent area at the front, the cornea 108,
which allows light to enter the eye 100.
[0014] The choroid layer 104, situated inside the sclera
102, contains many blood vessels and is modified at the
front of the eye 100 as the pigmented iris 110. The bi-
convex lens 112 is situated just behind the pupil. The
chamber 114 behind the lens 112 is filled with vitreous
humour, a gelatinous substance. The anterior and pos-
terior chambers 116 are situated between the cornea 108
and iris 110, respectively and filled with aqueous humour.
At the back of the eye 100 is the light-detecting retina 106.
[0015] The cornea 108 is an optically transparent tis-
sue that conveys images to the back of the eye 100. It
includes avascular tissue to which nutrients and oxygen
are supplied via bathing with lacrimal fluid and aqueous
humour as well as from blood vessels that line the junc-
tion between the cornea 108 and sclera 102. The cornea
108 includes one pathway for the permeation of drugs
into the eye 100.
[0016] Other anatomical tissue structures associated
with the eye 100 include the lacrimal drainage system,
which includes a secretory system 230, a distributive sys-
tem and an excretory system. The secretory system com-
prises secretors that are stimulated by blinking and tem-
perature change due to tear evaporation and reflex se-
cretors that have an efferent parasympathetic nerve sup-
ply and secrete tears in response to physical or emotional
stimulation. The distributive system includes the eyelids
202 and the tear meniscus around the lid edges of an
open eye, which spread tears over the ocular surface by
blinking, thus reducing dry areas from developing.
[0017] The excretory part of the lacrimal drainage sys-
tem includes, in flow order of drainage, the lacrimal punc-
ta, the lacrimal canaliculi, the lacrimal sac 204 and the
lacrimal duct 206. From the lacrimal duct 206, tears and
other flowable materials drain into a passage of the nasal
system. The lacrimal canaliculi include an upper (supe-
rior) lacrimal canaliculus 208 and a lower (inferior) lac-
rimal canaliculus 210, which respectively terminate near
the eye 100 in an upper 212 and lower 214 lacrimal punc-
tum. The upper 212 and Lower 214 punctum are slightly
elevated at the medial end of a lid margin at the junction
216 of the ciliary and lacrimal portions near a conjunctival
sac 218. The upper 212 and lower 214 punctum are gen-
erally round or slightly ovoid openings surrounded by a
connective ring of tissue. Each of the puncta 212, 214
leads into a vertical portion 220, 222 of their respective
canaliculus before turning more horizontal at a canalic-
ulus curvature 250 to join one another at the entrance of
the lacrimal sac 204. The canaliculi 208, 210 are gener-
ally tubular in shape and lined by stratified squamous
epithelium surrounded by elastic tissue, which permits
them to be dilated or biased. As shown, a lacrimal canal-
iculus ampulla 252 exists near an outer edge of the ca-
naliculus curvature 250. In accordance with features of

the present subject matter, a lacrimal implant can be in-
serted through either punctum and into its associated
canaliculus.
[0018] FIG. 3 illustrates an example of a lacrimal im-
plant 300 that can be insertable into a lacrimal punctum
212, 214 (FIG. 2). The insertion of the lacrimal implant
300 into a lacrimal punctum 212, 214 can allow for one
or more of inhibition or blockage of tear flow through a
lacrimal canaliculus 208, 210 (FIG. 2) (e.g., to treat dry
eyes), or the sustained delivery of a therapeutic agent to
an eye (e.g., to treat an infection, inflammation, glaucoma
or other ocular diseases or disorders) or nasal passage
(e.g., to treat a sinus or allergy disorder). In some exam-
ples, a period of time over which the agent is delivered
includes at least one week, at least one month, or at least
three months. In some examples, the lacrimal implant
300 includes a width between about 0.3 millimeters to
about 1.5 millimeters. In some examples, the lacrimal
implant 300 includes a length between about 1,5 millim-
eters to about 6 millimeters, such as between about 2
millimeters to about 3 millimeters.
[0019] In an example, the lacrimal implant 300 com-
prises a polyurethane polymer or copolymer. Typically,
lacrimal implants are formed of silicone polymers, which
can be quite hydrophobic and furthermore are usually
prepared by polymerization of a silicone precursor in the
presence of a catalyst. However, polyurethane polymers
and copolymers can be thermoplastic, and can therefore
be melted and cast into a desired form. A medicament
can be dispersed within the polyurethane melt, either in
molten form itself or as a dispersion of a solid material.
Polyurethane polymers and copolymers can also be dis-
solved in various organic solvents, such as dichlorometh-
ane or tetrahydrofuran, then cast into a desired form with
removal of the solvent, such as by evaporation. Again, a
medicament can be dispersed or dissolved in the organic
solvent along with the polyurethane, such that upon re-
moval of the solvent, the polyurethane containing the
medicament in a desired form is obtained.
[0020] In FIG. 3, the lacrimal implant 300 is shown as
a "half and half" implant design. In this example, an ex-
pandable retention member 314, such as a swellable ma-
terial that can be bonded or otherwise coupled over a
portion of the lacrimal implant 300 such that it envelops,
at least in part, a portion of the lacrimal implant 300, forms
a junction with a first portion 304 of the body of the lacrimal
implant 300. The first portion 304 of the body of the lac-
rimal implant 300 can be formed of a first polymer that is
biocompatible and swells less than 100 wt% when in con-
tact with an aqueous medium, such as a biocompatible
polyurethane polymer or copolymer. For example, the
first polymer can comprise a polyurethane-silicone co-
polymer. An example is Pursil®, a biocompatible, non-
biodegradable copolymer adapted for medical use. Other
similar materials can also be used, provided they are
both biocompatible and substantially non-swelling or
minimally swelling when put in contact with an aqueous
medium. For example, hydrophilic polyurethanes that do
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not substantially swell upon contact with an aqueous me-
dium can be used to improve surface wetability of the
non-hydrogel component of the lacrimal implant 300. The
expandable retention member 314 can be formed of a
second polymer that is biocompatible and swells greater
than 100 wt% to form a hydrogel when in contact with an
aqueous medium, such as a biocompatible hydrogel-
forming polyurethane polymer or copolymer. For exam-
ple, hydrogel-forming materials TG-500 or TG-2000,
adapted to swell by as much as 500-2000 wt% upon ex-
posure to an aqueous medium, can be used.
[0021] In the half and half design, the expandable re-
tention member 314 is uncovered. The junction between
the first portion 304 of the implant body and the expand-
able retention member 314 includes an intermediate
member 350, optionally comprising the third polymer
which can have an intermediate degree of swelling in an
aqueous medium, and is sufficiently strong to hold the
implant intact under a degree of tension, such as when
the implant is removed from the punctal canal. The third
polymer can be a biocompatible polyurethane polymer
or copolymer adapted to adhere to both the first and sec-
ond polymers. It can be a moderately swelling polymer
upon exposure to the aqueous medium.
[0022] FIG. 4A illustrates first portion 304 of the body
of the lacrimal implant another example of the lacrimal
implant 300 that can be insertable into a lacrimal
Punctum 212, 214 (FIG. 2). The lacrimal implant 300
comprises an implant body 402, including first 304 and
second 406 portions, which is sized and shaped for at
least portion insertion into a lacrimal punctum 212, 214.
[0023] The first portion 304 is formed from a polymer
and includes a first diameter 408. The second portion
406 is also formed from a polymer and includes a base
member 412 (e.g., mandrel or spine-like member) having
a second diameter 410, which is less than the first diam-
eter 408. In an example, the first 304 and second 406
portions are integrally coupled and comprise a unitary
implant body 402. In an example, as shown in FIGS. 7.E-
7G, the first 304 and second 406 portions are separate
elements, which can be coupled to one another via an
engagement between a coupling void and a coupling
arm, for instance.
[0024] An expandable retention member 314, such as
a swellable material, can be bonded or otherwise coupled
over the base member 412 such that it envelops, at least
in part, a portion of the base member 412. In an example,
the expandable retention member substantially envelops
the base member 412. As the expandable retention
member 314 absorbs or otherwise retains lacrimal or oth-
er fluid, such as upon insertion into a lacrimal punctum
212, 214, its size increases and its shape may change
thereby urging itself against and slightly biasing a wall of
the associated canaliculus 208, 210. It is believed that
the expandable retention member 314 will provide reten-
tion comfort to a subject and may improve lacrimal im-
plant 300 retention via controlled biasing of the canalic-
ulus 208, 210 wall.

[0025] The positioning of the expandable retention
member 314 over a portion of the implant body 402 allows
the retention member 314 to be freely exposed to lacrimal
fluid in situ, thereby allowing for a wide range of potential
expansion rates. Further, the base member 412 provides
an adequate coupling surface area to which the expand-
able retention member 314, for example, can adhere
such that the material of the expandable retention mem-
ber 314 does not remain in a lacrimal punctum 212, 214
after the lacrimal implant 300 is removed from the subject.
As shown in this example, the expandable retention
member 314 can include a non-expanded, "dry or dehy-
drated" state, which aids insertion through a lacrimal
punctum 212, 214 and into the associated lacrimal ca-
naliculus 208, 210. Once placed into a lacrimal canalic-
ulus 208, 210, the expandable retention member 314 can
absorb or other retain lacrimal fluid to form an expanded
structure.
[0026] In some examples, the implant body 402 can
include a cylindrical-like structure comprising a cavity 416
disposed near a proximal end 418 of the first portion 304.
In this example, the cavity 416 extends inward from the
proximal end 418 and includes a first drug-releasing or
other agent-releasing drug supply 420 to provide a sus-
tained drug or other agent release to an eye 100. The
drug or other agent release can occur, at least in part,
via an exposed surface of the drug supply 420. In an
example, such as is shown in FIG. 4B, the exposed sur-
face of the drug supply 420 can be positioned above the
proximal end 418 such that the drug supply 420 at least
partially protrudes outside of the implant body 402. In
some examples, the exposed surface of the drug supply
420 can be flush or slightly below the proximal end 418
such that the drug supply 420 does not protrude outside
of the implant body 402.
[0027] In some examples, by controlling geometry or
a drug concentration gradient near the exposed surface,
a predetermined drug or agent release rate can be
achieved. For instance, the exposed surface can be con-
structed with a specific geometry or other technique ap-
propriate to control the release rate of the drug or other
agent onto an eye 100, such as on an acute basis, or on
a chronic basis between outpatient doctor visits, for ex-
ample. Further discussion regarding effective release
rates of one or more drugs or other agents from a drug
supply 420 can be found in commonly-owned DeJuan et
al., U.S. Patent Publication No. US 2007/0243230, enti-
tled "NASOLACRIMAL DRAINAGE SYSTEM IM-
PLANTS FOR DRUG THERAPY" including its descrip-
tion of obtaining particular release rate ranges.
[0028] The implant body 402 can include an integral
feedback or other projection 422, such as projections ex-
tending laterally at least partially from or around the prox-
imal end 418 of the first implant body portion 304. In an
example, the projection 422 includes a partially trimmed
head portion extending 360 degrees around the proximal
end 418 from an outer implant body surface. In an ex-
ample, the projection 422 includes a full head portion
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extending 360 degrees around the proximal end 418 from
an outer implant body surface. In an example, the pro-
jection 422 includes a cross-sectional shape similar to a
flat disk (i.e., relatively flat top and bottom surfaces). In
various examples, the projection 422 can be configured
to seat against or near a punctal opening 212, 214 when
the second portion 406 of the implant body 402 is posi-
tioned within the associated canalicular lumen 208, 210,
such as for inhibiting or preventing the lacrimal implant
300 from passing completely within the canalicular lu-
men, for providing tactile or visual feedback information
to an implanting user (e.g., as to whether the implant is
fully implanted), or for removing the lacrimal implant 300
from an implant position. In an example, the projection
422 includes a portion having a diameter of about 0.5-2.0
mm to prevent the lacrimal implant 300 from passing
down into the canaliculus 208, 210.
[0029] FIG. 4B illustrates an example of a cross-sec-
tional view of a lacrimal implant 300 taken along a line
parallel to a longitudinal axis of the implant, such as along
line 4B-4B of FIG. 4A. As shown in FIG. 4B, the lacrimal
implant 300 comprises an implant body 402, including
first 304 and second 406 portions, which is sized and
shaped for at least partial insertion into a lacrimal punc-
tum 212, 214 (FIG. 2). The first portion 304 is formed
from a polymer and includes a first diameter 408, The
second portion 406 is also formed from a polymer and
includes a base member 412 (e.g., mandrel or spine)
having a second diameter 410, which is less than the first
diameter 408. In an example, the base member 412 is
at least about one-third the total length of the implant
body 402. In an example, the base member 412 is at
least about one-half the total length of the implant body
402. In the example shown, the implant body 402 also
includes an integral feedback or other projection 422,
such as a projection extending laterally at least partially
from or around a proximal end 418 of the first implant
body portion 304.
[0030] In various examples, the implant body 402 can
be molded or otherwise formed using an elastic material,
such as silicone, polyurethane or other urethane-based
material, or combinations thereof, In an example, one or
both of the first 304 and second 406 portions include a
urethane-based material. In an example, one or both of
the first 304 and second 406 portions include a silicone-
based material, such as 4840® or PurSil®. In an exam-
ple, one or both of the first 304 and second 406 portions
include a copolymer material, such as polyurethane/sil-
icone, urethane/carbonate, silicone/polyethylene glycol
(PEG) or silicone/2hydroxyethyl methacrylate (HEMA).
Only implants wherein the implant body comprises a
polyurethane polymer, a polyurethane copolymer, or sil-
icone form part of the present invention. In various ex-
amples, the implant body 402 is configured to be non-
absorbable in situ and is sufficiently strong to address
issues of cutting strength (e.g., during insertion and re-
moval of the lacrimal implant 300) and dimensional sta-
bility.

[0031] An expandable retention member 314, such as
a swellable material, can be bonded or otherwise coupled
over the base member 412 such that it envelops, at least
in part, a portion of the base member 412. As the ex-
pandable retention member absorbs or otherwise retains
lacrimal fluid, such as upon insertion into a lacrimal punc-
tum 212, 214, its size increases and its shape may
change thereby urging itself against and slightly biasing
a wall of the associated canaliculus 208, 210. In various
examples, the expandable retention member 314 can be
molded or otherwise formed using a swellable material.
In an example, the expandable retention member 314
includes a polyurethane hydrogel, such as TG-2000®,
TG-500®, or other urethane-based hydrogel. In an ex-
ample, the expandable retention member 314 includes
a thermoset polymer, which may be configured to swell
anisotropically. In an example, the expandable retention
member 314 includes a gel, which does not maintain its
shape upon expansion, but rather conforms to fit the
shape of a canaliculus lumen wall or other surrounding
structure.
[0032] In some examples, the lacrimal implant 300 in-
cludes a base member 412 including polyurethane or
other urethane-based material and an expandable reten-
tion member 314 including a biocompatible polyurethane
or other urethane-based swellable material, In an exam-
ple, a polyurethane hydrogel is coupled directly to an
outer surface, such as a plasma-treated outer surface,
of the base Member 412. As further discussed in com-
monly-owned Utkhede et al., U.S. Patent Publication No.
US 2009/0104243 entitled "DRUG CORES FOR SUS-
TAINED RELEASE OF THERAPEUTIC AGENTS" and
which claims priority in part to U.S. Patent Application
No. 61/049,317, urethane-based polymer and copolymer
materials allow for a variety of processing methods and
bond well to one another.
[0033] In some examples, the lacrimal implant 300 in-
cludes an intermediate member 350 positioned between
a portion of the implant body 402, such as the base mem-
ber 412, and a portion of the expandable retention mem-
ber 314. The intermediate member 350 can include a
material configured to absorb, when implanted, a greater
amount of lacrimal fluid than the polymer of the base
member 412 but less lacrimal fluid than the swellable
polymer of the expandable retention member 314. The
intermediate member 350 can provide the lacrimal im-
plant 300 with integrity, such as between a substantially
non-swelling polymer of the implant body 402 and a swell-
ing polymer of the expandable retention member 314.
For instance, when the polymer of the expandable reten-
tion member 314 swells upon exposure to moisture, it is
possible that the expanding polymer will, in the absence
of the intermediate member 350, swell away from the
underlying, non-swelling polymer of the base member
412. In an example, the intermediate member 350 in-
cludes PurSil® and is dip or otherwise coated onto an
outer surface of the base member 412. In an example,
the intermediate member 350 includes a polyurethane
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configured to absorb about 10% to about 500% water,
such as Tecophilic® urethanes or Tecophilic® solution
grade urethanes.
[0034] In certain examples, the implant body 402 can
include a cavity 416 disposed near the proximal end 418
of the first portion 304. In an example, the first cavity 416
extends inward about 2 millimeters or less from the prox-
imal end 418, and houses a first drug-releasing or other
agent-releasing drug supply 420 to provide a sustained
drug or other agent release to an eye 100 (FIG. 2). In
various examples, the drug supply 420 stores and slowly
dispenses an agent to the eye 100 as they are leached
out, for example, by tear film fluid. In an example, the
drug supply 420 includes a plurality of therapeutic agent
inclusions 452, which can be distributed in a matrix 454.
In an example, the inclusions 452 comprise a concen-
trated form of the therapeutic agent (e.g., a crystalline
agent form). In an example, the matrix 454 comprises a
silicone matrix or the like, and the distribution of inclu-
sions 452 within the matrix are homogeneous or non-
homogeneous. In an example, the agent inclusions 452
include droplets of oil, such as Latanoprost oil. In still
another example, the agent inclusions 452 include solid
particles, such as Bimatoprost particles in crystalline
form. The inclusions can be of many sizes and shapes.
For instance, the inclusions can include microparticles
having dimensions on the order of about 1 micrometer
to about 100 micrometers.
[0035] In the example shown, the drug supply 420 in-
cludes a sheath body 456 disposed over at least a portion
thereof such as to define at least one exposed surface
458 of the drug supply. In an example, the sheath body
456 comprises polyimide. The exposed surface 458 can
be located at or near the proximal end 418 of the implant
body 402 such as to contact a tear or a tear film fluid and
release the therapeutic agent at one or more therapeutic
levels over a sustained time period when the lacrimal
implant 300 is inserted into a lacrimal punctum 212, 214.
Further discussion regarding configuring and manufac-
turing of the drug supply 420 can be Found in commonly-
owned DeJuan et al., U.S. Patent Publication No. US
2007/0269487 entitled "DRUG DELIVERY METHODS,
STRUCTURES, AND COMPOSITIONS FOR NASOL-
ACRIMAL SYSTEM".
[0036] In certain examples, the expandable retention
member can include a second drug-releasing or other
agent-releasing drug supply 460 to provide a sustained
drug or other agent release to one or both of a wall of a
lacrimal canaliculus 208, 210 or a nasolacrimal system.
The drug supply 460 can be configured to store and slow-
ly dispense an agent after contact with lacrimal fluid within
a lacrimal canaliculus 208, 210. In an example, the agent
included in the expandable retention member can com-
prise medicaments, therapeutic agents, or antimicrobials
(e.g., silver).
[0037] FIG. 4C illustrates an example of a cross-sec-
tional view of a lacrimal implant 300 taken along a line
parallel to a longitudinal axis of the implant. As shown in

FIG. 4B, some of the present lacrimal implants 300 are
configured to include a feedback or other projection 422
at or near a proximal end 418 for inhibiting or preventing
the lacrimal implant 300 from passing completely within
the canalicular lumen, and others are configured to be
inserted completely below the punctal opening 212, 214.
As shown in FIG. 4C, the lacrimal implant 300 comprises
an implant body 402 without a feedback or other projec-
tion 322 (FIG. 3A) at or near a proximal end 418 of a first
implant body portion 304. Accordingly, the lacrimal im-
plant 300 can, in some examples, be completely inserted
within the canalicular lumen.
[0038] FIG. 5 illustrates an example of an assembly of
a present lacrimal implant 300. As discussed, the lacrimal
implant 300 can include a unitary implant body 402 sized
to at least partially pass through a lacrimal punctum 212,
214 (FIG. 2) and be positioned within a lacrimal canalic-
ulus 208, 210 (FIG. 2). The implant body 402 can extend
from a proximal end portion 502 to a distal end portion
504. In the example shown, the proximal end portion 502
includes a cavity 416 and the distal end portion 504 in-
cludes a base member 412 having a diameter 410 less
than a diameter of the proximal end portion 502. In an
example, a drug core 420 can be included in the cavity
416 and configured to provide a release of an agent to
an eye. In various examples, an expandable retention
member 314 can be coupled at least partially over the
base member 412 and includes a "dry or dehydrated"
material hydratable by lacrimal or other fluid to swell from
a first diameter to a second diameter greater than the
first diameter.
[0039] The base member 412 can be coupled with the
expandable retention member 314 in a variety of ways.
In an example, as shown in FIG. 5, a preformed, swellable
(e.g., hydrogel) sleeve 506 can be slid over an outer sur-
face 508 of the base member 412. In an example, the
expandable retention member 314 can be dip or other-
wise coated onto the base member 412. In an example,
a first polymer-based (e.g., urethane-based) base mem-
ber 412 and a first polymer-based (e.g., urethane-based)
expandable retention member 314 can be injection mold-
ed concurrently (e.g., via bi-injection molding), thereby
allowing the lacrimal implant 300 to be formed in a min-
imum number of steps. In an example, a multi-shot mold-
ing process can be used, which involves sequential in-
jection of separate materials into different locations in a
mold. In an example, an insert over-molding process can
used such that the base member 412 is first molded then
placed into a second mold for over-molding with a poly-
mer for the expandable retention member 314. In various
examples, the expandable retention member 314 may
extend along any desired length portion of the implant
body 402.
[0040] In certain examples, one or both of the distal
body portion 504 or a distal end 510 of the expandable
retention member 314 can include a taper 512 to self-
dilate anatomical tissue, such one or both of a lacrimal
punctum 212, 214 (FIG. 2) or associated lacrimal canal-
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iculus 208, 210, to a sufficient diameter as the lacrimal
implant 300 is being implanted. In this way, the lacrimal
implant 300 can be implanted in various size ocular anat-
omies without the need for pre-dilation via a separate
enlarging tool. The taper 512 can be formed so as to not
be traumatic to an inner lining of the lacrimal punctum
212, 214 or the lacrimal canaliculus 208, 210.
[0041] As shown, the taper 512 can generally narrow
from a location near an intermediate portion of the swella-
ble sleeve 506 to the distal end 510 of the sleeve 506,
such as from a diameter of about 0.5 millimeters to a
diameter of about 0.1 millimeters or less. Among other
factors, a determination of a desirable taper 512 for a
given implant situation can be made by balancing implant
properties, such as a implant body 402 strength desirable
for implant insertion with a desire to have a soft, flexible
and conforming implant body (e.g., to conform to a lac-
rimal canaliculus anatomy) upon implantation. In some
examples, a lubricious coating disposed on, or impreg-
nated in, one of both of an outer surface of the implant
body 402 or an outer surface of the expandable retention
member 314 can be used to further aid insertion of the
lacrimal implant 300 into the anatomical tissue. In an ex-
ample, the lubricious coating can include a silicone lubri-
cant. In an example, the outer surface of the implant body
402 or the expandable retention member 314 can be
treated via plasma or radiation in order to securely bond
a thin coating of lubricious material (e.g., hydrogel).
[0042] In various examples, the outer surface of one
or both of the implant body 402 or the expandable reten-
tion member 314 can be formed, or surface treated to
be, generally smooth to inhibit bacteria from attaching to
the lacrimal implant 300 and incubating. The generally
smooth outer surface can also prevent damage to the
inner lining of the receiving anatomical tissue, such as a
lacrimal punctum 212, 214 (FIG. 2) or the associated
lacrimal canaliculus 208, 210 (FIG. 2), during
implantation. As further discussed in commonly-owned
Rapacki, U.S. Patent Publication No. US 2009/0083473
entitled "SURFACE TREATED IMPLANTABLE ARTI-
CLES AND RELATED METHODS", which claims priority
in part to U.S. Patent Application No. 61/057,246, the
outer surface of the plug body 402, for instance, can be
improved via a polishing procedure using dichloride
methane or other suitable media in conjunction with a
tumbling process.
[0043] In some examples, an antimicrobial coating can
be disposed on, or impregnated in, at least a portion of
the outer surface of one or both of the implant body 402
or the expandable retention member 314 to further pre-
vent bacteria growth on the implant body. In an example,
the antimicrobial coating can include an agent selected
from the group consisting of 2-bromo-2-nitropropane-
1,3-diol, 5-bromo-5-nitro-1,3-dioxane, 7-ethyl bicycloox-
azolidine, benzalkonium chloride, benzethonium chlo-
ride, benzoic acid, benzyl alcohol, boric acid, bronopol,
cetylpyridinium chloride, chlorhexidine digluconate, chlo-
roacetamide, chlorobutanol, chloromethyl isothia-

zolinone and methyl isothiazoline, dimethoxane, dime-
thyl oxazolidine, dimethyl hydroxymethyl pyrazole, chlo-
roxylenol, dehydroacetic acid, diazolidinyl urea, dichlo-
robenzyl alcohol, DMDM hydantoin, ethyl alcohol, for-
maldehyde, glutaraldehyde, hexachlorophene, hexeti-
dine, hexamethylenetramine, imidazolidinyl urea, iodo-
propynyl butylcarbamate, isothiazolinones, methenam-
monium chloride, methyldibromo glutaronitrile, MDM
hydantoin, minocycline, ortho phenylphenol, p-chloro-m-
cresol, parabens (butylparaben, ethylparaben, methyl-
paraben), phenethyl alcohol, phenoxyethanol, piroctane
olamine, polyaminopropyl biguanide, polymethoxy bicy-
clic oxazolidine, polyoxymethylene, polyquaternium-42,
potassium benzoate, potassium sorbate, propionic acid,
quaternium-15, rifampin, salicylic acid, selenium di-
sulfide, sodium borate, sodium iodate, sodium hy-
droxymethylglycinate, sodium propionate, sodium py-
rithione, sorbic acid, thimerosal, triclosan, triclocarban,
undecylenic acid, zinc phenosulfonate, and zinc py-
rithione. In an example, the antimicrobial coating can in-
clude a material selected from the group consisting of
silver lactate, silver phosphate, silver citrate, silver ace-
tate, silver benzoate, silver chloride, silver iodide, silver
Iodate, silver nitrate, silver sulfadiazine, silver palmitate
or one or more mixtures thereof. In an example, the an-
timicrobial coating can include at least one of an antibiotic
or an antiseptic. For instance, the antimicrobial coating
can include a temporary anesthetic lasting, on average,
between a few hours and a day. In still other examples,
the antimicrobial coating can include a drug use to treat
an underlying disease, such as a bolus for immediate
effect.
[0044] FIG. 6 illustrates an example of a schematic
view of a lacrimal implant 300 implanted in a lower lac-
rimal punctum 214 and associated canaliculus 210. In
some examples, a lacrimal implant 300 can be implanted
in an upper lacrimal punctum 212 and associated canal-
iculus 208. In this example, the lacrimal implant 300 com-
prises a implant body 402, including first 304 and second
406 portions, which is sized and shaped for at least partial
insertion into the lacrimal punctum 214. The first portion
304 is formed from a polymer and includes a first diameter
408 (FIG. 4B). The second portion 406 is also formed
from a polymer and includes a base member 412 (e.g.,
mandrel or spine-like member) having a second diameter
410 (FIG. 4B) less than the first diameter 408. An ex-
pandable retention member 314, such as a swellable ma-
terial, can be bonded or otherwise coupled over the base
member 412 such that it envelops, at least in part, a por-
tion of the base member 412. In certain examples, an
outer surface of one or both of the implant body 402 or
the expandable retention member 314 can include
grooves or a coating of a wicking material such as to
allow fluid flow around the implant body 402.
[0045] As shown, the first portion 304 of the implant
body 402 can be configured to rest, at a proximal end
418, against the punctal opening 214 and rest, at a distal
end 602, within the associated lacrimal canaliculus 210.
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In this example, an integral feedback or other projection
422 extending around the proximal end 418 inhibits or
prevents the lacrimal implant 300 from passing complete-
ly within the canalicular lumen 210.
[0046] As further shown, the second portion 406, in-
cluding the base member 412 at least partially enveloped
by the expandable retention member 314, can be con-
figured to rest and retain the lacrimal implant 300 within
the associated lacrimal canaliculus 210. As the expand-
able retention member absorbs or otherwise retains lac-
rimal or other fluid, such as upon insertion into the lac-
rimal punctum 214, its size increases radially or longitu-
dinally and its shape may change thereby urging itself
against and slightly biasing a wall of the associated ca-
naliculus 210, while still being comfortable to the subject.
In an example, a longitudinal swelling direction of the
expandable retention member 314 extends laterally rel-
ative to a longitudinal axis 606 of the implant body 402.
In an example, a portion 608 of the expandable retention
member 314 is configured to at least partially extend to-
ward a horizontal section of the lacrimal canaliculus 210.
In an example, a portion 610 of the expandable retention
member 314 is configured to at least partially extend to-
ward an ampulla 252 of the lacrimal canaliculus 210. In
an example, the swellable material of the expandable
retention member 314 can comprise a hydrogel having
a water content, at a fully hydrated state, of about 500%
to about 2000% by weight and, at a "dry or dehydrated"
state, of less than about 10%, such as about 1%. In cer-
tain examples, the expandable retention member 314 is
configured to allow for an expansion capacity of up to
about one times its "dry or dehydrated" volume, up to
about five times its "dry or dehydrated" volume, or up to
about ten times its "dry or dehydrated" volume.
[0047] Forceps or another insertion tool can be used
to insert the lacrimal implant 300 in a lacrimal punctum
212, 214 and the associated canaliculus 208, 210. In
various examples, the second portion 406 of the implant
body 402 can be advanced into the depth of a lacrimal
canaliculus 208, 210 by manipulation of the inserter tool
until a feedback or other projection 422, if present, is
seated against the punctal opening 212, 214. When it is
desired to remove the lacrimal implant 300, the projection
432 can be readily grasped with the forceps, for example,
and withdrawn from the punctal opening 212, 214. It is
believed the insertion and removal processes associated
with the present lacrimal implants 300 may, in some in-
stances, be simply performed in a short amount of time
by a general ophthalmologist in his/her office without the
need for special skills or expensive equipment. In some
instances, after a first lacrimal implant has been re-
moved, a second lacrimal implant including a supply of
an agent is inserted into the subject until he/she no longer
requires treatment.
[0048] In certain examples, the implant body 402 can
include a cavity 416 disposed near the proximal end 418
of the first portion 304. In this example, the first cavity
418 extends inward from the proximal end 418 and in-

cludes a first drug-releasing or other agent-releasing
drug supply 420. The lacrimal implant 300 can be orient-
ed with the expandable retention member 314 aligned
for placement in a lacrimal canaliculus 208, 210. while
the drug supply 420 and the proximal end 418 are sub-
stantially aligned with the exterior of the punctum open-
ings 212, 214 to provide a sustained drug or other agent
release to an eye 100 (e.g., to treat an infection, inflam-
mation, glaucoma or other ocular disease or disorder).
The drug or other agent release can occur, at least in
part, via an exposed surface of the drug supply 420. In
this example, the exposed surface of the drug supply 420
can be positioned above the proximal end 418 such that
the drug supply 420 at least partially protrudes outside
of the implant body 402.
[0049] In certain examples, the expandable retention
member can include a second drug-releasing or other
agent-releasing drug supply 460 to provide a sustained
drug or other agent release to one or both of a wall of a
lacrimal canaliculus 208, 210 or a nasolacrimal system.
The drug supply 460 can be configured to store and slow-
ly dispense an agent after contact with lacrimal fluid within
a lacrimal canaliculus 208, 210. In an example, the agent
included in the expandable retention member can com-
prise medicaments, therapeutic agents, or antimicrobials
(e.g., silver).
[0050] FIGS. 7A-7G illustrate examples of lacrimal im-
plants 300 that can be insertable into a lacrimal punctum
212, 214 (FIG. 2). The insertion of the lacrimal implants
300 into a lacrimal punctum 212, 214 can allow for one
or more of inhibition or blockage of tear flow through a
lacrimal canaliculus 208, 210 (FIG. 2) (e.g., to treat dry
eyes), or the sustained delivery of a therapeutic agent to
an eye (e.g., to treat an infection, inflammation, glaucoma
or other ocular diseases or disorders) or nasal passage
(e.g., to treat a sinus or allergy disorder).
[0051] In various examples, the lacrimal implants 300
comprises an implant body 402, including first 304 and
second 406 portions, which is sized and shaped for at
least partial insertion into a lacrimal punctum 212, 214.
The first portion 304 is formed from a polymer and in-
cludes a first diameter 408 (FIG. 4B). The second portion
406 is also formed from a polymer and includes a base
member 412 (e.g., mandrel or spine-like member) having
a second diameter 410 (FIG. 4B) less than the first di-
ameter 408. In some examples, such as are shown in
FIGS. 7A-7D, the first 304 and second 406 portions are
integrally coupled and comprise a unitary implant body
402. In some examples, such as are shown in FIGS.
7E.7G, the first 304 and second 406 portions are sepa-
rate elements, which can be coupled to one another via
an engagement between a coupling void and a coupling
arm, for instance. In various examples, the base member
412 can include one or more arm members 702 protrud-
ing from an outer surface 508 thereof.
[0052] An expandable retention member 314, such as
a swellable material, can be bonded or otherwise coupled
over the base member 412 such that it envelops, at least
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in part, a portion of the base member 412. In an example,
the expandable retention member substantially envelops
the base member 412. The one or more arm members
702 increase the surface area for bonding or other cou-
pling between one or more of the expandable retention
member 314, an intermediate member 350 (FIG. 4B),
and the base member 412. The expandable retention
member 314, for example, would will the spaces between
the one or more arm members 702 upon application. As
the expandable retention member 314 absorbs or other-
wise retains lacrimal or other fluid, such as upon insertion
into a lacrimal punctum 212, 214, its size increases and
its shape may change thereby urging itself against and
slightly biasing a wall of the associated canaliculus 208,
210.
[0053] In the example of FIG. 7A, the lacrimal, implant
300 includes a unitary implant body 402 extending from
a first portion 304 to a second portion 406, The first portion
304 can include a cavity 416 disposed near a proximal
end 418 of the first portion 304. The cavity 416 can include
a first drug-releasing or other agent-releasing drug sup-
ply 420 to provide a sustained drug or other agent release
to an eye. The implant body 402 can further include an
integral feedback or other projection 422 extending lat-
erally at least partially from or around the proximal end
318. In various examples, the projection 422 can be con-
figured to seat against or near a punctal opening 212,
214 when the second portion 406 of the implant body
402 is positioned within the associated canalicular lumen
208, 210, such as for inhibiting or preventing the lacrimal
implant 300 from passing completely within the canalic-
ular lumen, for providing tactile or visual feedback infor-
mation to an implanting user (e.g., as to whether the im-
plant is fully implanted), or for removing the lacrimal im-
plant 300 from an implant position.
[0054] As shown, the second portion 406 can include
a base member 412 (e.g., mandrel or spine-like member)
having a diameter 410 (FIG. 4B) less than a diameter
408 (FIG. 4B) of the first portion 304. In this example,
the base member 412 includes one or more arm mem-
bers 702 in the form of ribs 704. Each rib 704 can include
a curved or non-curved projection extending from an out-
er surface of the base member 412. such as projecting
laterally relative to a longitudinal axis of the base member
412. In this example, three pairs of ribs 704 extend from
the base member 412; however, more and fewer than
three pairs of ribs 704 may also be used without departing
from the scope of the present subject matter. The ribs
704 can provide strength to the lacrimal implant 300 by
increasing the surface area to which one or both of the
expandable retention member 314 or an intermediate
member 350 (FIG. 4B) are coupled to the base member
412.
[0055] In the example of FIG. 7B, the lacrimal implant
300 includes a unitary implant body 402 extending from
a first portion 304 to a second portion 406. The first portion
304 can include a cavity 416 disposed near a proximal
end 418 of the first portion 304. The cavity 416 can include

a first drug-releasing or other agent-releasing drug sup-
ply 420 to provide a sustained drug or other agent release
to an eye. The implant body 402 can further include an
integral feedback or other projection 422 extending lat-
erally at least partially from or around the proximal end
418. In various examples, the projection 422 can be con-
figured to sit against or near a punctal opening 212, 214
when the second portion 406 of the implant body 402 is
positioned within the associated canalicular lumen 208,
210, such as for inhibiting or preventing the lacrimal im-
plant 300 from passing completely within the canalicular
lumen, for providing tactile or visual feedback information
to an implanting user (e.g., as to whether the implant is
fully implanted), or for removing the lacrimal implant 300
from an implant position.
[0056] As shown, the second portion 406 can include
a base member 412 (e.g., mandrel or spine-like member)
having a diameter 410 (FIG. 4B) less than a diameter
408 (FIG. 4B) of the first portion 304. In this example,
the base member 412 includes one or more arm mem-
bers 702 in the form of disks 706. Each disk 706 can
include a relatively flat top or bottom surface and can
include a greater cross-sectional size than an adjacent
portion of the base member 412. The one or more disks
706 can be spaced apart along a longitudinal axis of the
base member 412 and extend from an outer surface of
the base member 412. In an example, three disks 706
extend from base member 412; however, more and fewer
than three disks 706, such as one disk 706, may also be
used without departing from the scope of the present
subject matter. The disks 706 can provide strength to the
lacrimal implant 300 by increasing the surface area to
which one or both of the expandable retention member
314 or an intermediate member 350 (FIG. 4B) are cou-
pled to the base member 412.
[0057] In the example of FIG. 7C, the lacrimal implant
300 includes a unitary implant body 402 extending from
a first portion 304 to a second portion 406. The first portion
304 can include a cavity 416 disposed near a proximal
end 418 of the first portion 304. The cavity 416 can include
a first drug-releasing or other agent-releasing drug sup-
ply 420 to provide a sustained drug or other agent release
to an eye. The implant body 402 can further include an
integral feedback or other projection 422 extending lat-
erally at least partially from or around the proximal end
418. In various examples, the projection 422 can be con-
figured to seat against or near a punctal opening 212,
214 when the second portion 406 of the implant body
402 is positioned within the associated canalicular lumen
208, 210, such as for inhibiting or preventing the lacrimal
implant 300 from passing completely within the canalic-
ular lumen, for providing tactile or visual feedback infor-
mation to an implanting user (e.g., as to whether the im-
plant is fully implanted), or for removing the lacrimal im-
plant 300 from an implant position.
[0058] As shown, the second portion 406 can include
a base member 412 (e.g., mandrel or spine-like member)
having a diameter 410 (FIG. 4B) less than a diameter
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408 (FIG. 4B) of the first portion 304. In this example,
the base member 412 includes one or more arm mem-
bers 702 in the form of spikes 708. Each spike 708 can
protrude radially outward from an outer surface of the
base member 412 at any location around a circumfer-
ence of the base member 412. In an example, six or more
spikes 708 extend from base member 412; however, few-
er than six spikes 708 may also be used without departing
from the scope of the present subject matter. The spikes
708 can provide strength to the lacrimal implant 300 by
increasing the surface area to which one or both of the
expandable retention member 314 or an intermediate
member 350 (FIG. 4B) are coupled to the base member
412.
[0059] In the example of FIG. 7D, the lacrimal implant
300 includes a unitary implant body 402 extending from
a first portion 304 to a second portion 406. The first portion
304 can include a cavity 416 disposed near a proximal
end 418 of the first portion 304. The cavity 416 can include
a first drug-releasing or other agent-releasing drug sup-
ply 420 to provide a sustained drug or other agent release
to an eye. The implant body 402 can further include an
integral feedback or other projection 422 extending lat-
erally at least partially from or around the proximal end
418. In various examples, the projection 422 can be con-
figured to sit against or near a punctal opening 212, 214
when the second portion 406 of the implant body 402 is
positioned within the associated canalicular lumen 208,
210, such as for inhibiting or preventing the lacrimal im-
plant 300 from passing completely within the canalicular
lumen, for providing tactile or visual feedback information
to an implanting user (e.g., as to whether the implant is
fully implanted), or for removing the lacrimal implant 300
from an implant position.
[0060] As shown, the second portion 406 can include
a base member 412 (e.g., mandrel or spine-like member)
having a diameter 410 (FIG. 4B) less than a diameter
408 (FIG. 4B) of the first portion 304. In this example,
the base member 412 includes one or more arm mem-
bers 702 having a curved shape, such as a fish hook-like
shape 710. Each fish hook-like projection 710 can pro-
trude radially outward from an outer surface of the base
member 412 at any location around a circumference of
the base member 412. In an example, at least one of the
fish hook-like projections include a barb or other back-
ward pointing ridge. In this example, three pairs of fish
hook-like projections 710 extend from the base member
412; however, more and fewer than three pairs of fish
hook-like projections 710 may also be used without de-
parting from the scope of the present subject matter. The
fish hook-like projections 710 or other curved shaped pro-
jections can provide strength to the lacrimal implant 300
by increasing the surface area to which one or both of
the expandable retention member 314 or an intermediate
member 350 are coupled to the base member 412.
[0061] In the example of FIG. 7E and 7G, the lacrimal
implant 300 includes a implant body 402 comprising first
304 and second 406 separable portions, which can be

coupled to one another via an engagement between a
coupling void 712 and a coupling arm 714, for instance.
In an example, a polymer forming the first portion 304,
such as a silicone-based material, is different than a pol-
ymer forming the second portion 406, such as a polyes-
ter, silk, polycarbonate, urethane-based material or other
material having a melting temperature higher than that
at which the polymer of the first portion 304 is cured or
having a greater hardness. The first portion 304 can in-
clude a cavity 416 disposed near a proximal end 418 of
the first portion 304. The cavity 416 can include a first
drug-releasing or other agent-releasing drug supply 420
to provide a sustained drug or other agent release to an
eye. The implant body 402 can further include an integral
feedback or other projection 422 extending laterally at
least partially from or around the proximal end 418. In
various examples, the projection 422 can be configured
to sit against or near a punctal opening 212, 214 when
the second portion 406 of the implant body 402 is posi-
tioned within the associated canalicular lumen 208, 210,
such as for inhibiting or preventing the lacrimal implant
300 from passing completely within the canalicular lu-
men, for providing tactile or visual feedback information
to an implanting user (e.g., as to whether the implant is
fully implanted), or for removing the lacrimal implant 300
from an implant position.
[0062] As shown, the second portion 406 can include
a base member 412 (e.g., mandrel or spine-like member)
comprising a variety of shapes and having a diameter
410 (FIG. 4B) less than a diameter 408 of the first portion
304. In these examples, the base member 412 includes
one or more arm members 702 extending from an outer
surface of the base member 412, such as projecting lat-
erally relative to a longitudinal axis of the base member
412, which, in the example of FIG. 7E, coincides with a
longitudinal axis of the first portion 304 and, in the exam-
ple of FIG. 7G, is angled 718 relative to the axis of the
first portion 304. In an example, the angled 718 intersec-
tion between the longitudinal axis of the base member
412 and the longitudinal axis of the first portion 304 is
formed upon or after implantation of the implant body 402
into a lacrimal canaliculus 208, 210. The one or more
arm members 702 can provide strength to the lacrimal
implant 300 by increasing the surface area to which one
or both of the expandable retention member 314 or an
intermediate member 350 (FIG. 4B) are coupled to the
base member 412.
[0063] In the example of FIG. 7F, the lacrimal implant
300 includes an implant body 402 comprising first 304
and second 406 separable portions, which can be cou-
pled to one another via an engagement between a cou-
pling void 712 and a coupling arm 714, for instance. In
an example, a polymer forming the first portion 304, such
as a silicone-based material, is different than a polymer
forming the second portion 406, such as a polyester, silk,
polycarbonate, urethane-based material or other mate-
rial having a melting temperature higher than that at
which the polymer of the first portion 304 is cured or hav-
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ing a greater hardness. The first portion 304 can include
a cavity 416 disposed near a proximal end 418 of the first
portion 304. The cavity 416 can include a first drag-re-
leasing or other agent-releasing drug supply 420 to pro-
vide a sustained drug or other agent release to an eye.
The implant body 402 can further include an integral feed-
back or other projection 422 extending laterally at least
partially from or around the proximal end 418. In various
examples, the projection 422 can be configured to sit
against or near a punctal opening 212, 214 when the
second portion 406 of the implant body 402 is positioned
within the associated canalicular lumen 208, 210. such
as for inhibiting or preventing the lacrimal implant 300
from passing completely within the canalicular lumen, for
providing tactile or visual feedback information to an im-
planting user (e.g., as to whether the implant is fully im-
planted), or for removing the lacrimal implant 300 from
an implant position.
[0064] As shown, the second portion 406 can include
a base member 412 (e.g., mandrel or spine-like member)
having a diameter 410 (FIG. 4B) less than a diameter
408 (FIG. 4B) of the first portion 304. In this example,
the base member 412 includes one or more arm mem-
bers 702 extending from an outer surface of the base
member 412. such as projecting in a balloon-like shape
from a juncture between the coupling void 712 and the
coupling arm 714. In an example, the one or more arm
members 702 include one or more voids 616 sized to
receive a portion of the expandable retention member
314 or an intermediate member 350. The one or more
arm members 702 can provide strength to the lacrimal
implant 300 by increasing the surface area to which one
or both of the expandable retention member 314 or an
intermediate member 350 (FIG. 4B) are coupled to the
base member 412.
[0065] FIG. 8 is a block diagram illustrating an example
of a method 800 of manufacturing a lacrimal implant con-
figured to be at least partially insertable into a lacrimal
punctum. At 802, a implant body, including first and sec-
ond portions, is formed. Forming the first portion can in-
clude melt, molding or otherwise processing a polymer
into a shape having a first diameter. Forming the second
portion can include melt, molding or otherwise process-
ing a polymer into a base member shape having a second
diameter less than the first diameter. In an example, form-
ing the fist portion, the second portion, or both can include
injection molding using respectively a melt of the first
polymer, the second polymer, or both polymers. Poly-
urethane polymers and copolymers are adapted for melt
processing, thus avoiding both the added complexity of
solvent casting technology, the cost of dealing with the
necessary solvents, and the possibility of residual sol-
vents in the polymeric materials of the implant. In an ex-
ample, forming the implant body further includes forming
a cavity extending inward form a proximal end of the first
portion. In an example, forming the implant body further
includes forming one or more arm members protruding
laterally from an outer surface of the base member. In

some examples, the implant body is formed from a ure-
thane-based material, such as polyurethane. In some ex-
amples, the implant body is formed from a silicone ma-
terial. Optionally, one or more portions of an outer surface
of the base member are plasma treated to encourage
coupling to a covering element.
[0066] At 804, an intermediate member is optionally
disposed on the outer surface of the base member. In
various examples, the intermediate member includes a
third polymer configured to absorb a greater amount of
fluid (e.g., lacrimal fluid) than a polymer of the implant
body. In an example, the third polymer can be incorpo-
rated into the lacrimal implant as a melt. In an example,
the intermediate member can be applied to the base
member using an injection molding process, or it can be
applied using a solvent-dip coating process. For in-
stance, the dip-coating process can be used to apply a
thin layer of the intermediate member onto the outer sur-
face of the base member.
[0067] At 806, an expandable retention member is cou-
pled at least partially over the base member, and option-
ally, the intermediate member. In an example, the ex-
pandable retention member is coupled over the base
member such that the base member is entirely or sub-
stantially surrounded. In various examples, the expand-
able retention member includes a polymer configured to
absorb a greater amount of fluid than both the implant
body and the intermediate member. In an example, the
expandable retention member includes a urethane-
based material, such as urethane-based hydrogel, and
is molded over the base member, which can also include
a urethane-based material. In an example, the expand-
able retention member is formed using an injection mold-
ing process. For instance, a urethane-based base mem-
ber and a urethane-based expandable retention member
could be melted and injected into a mold through two
separate mold ports, such as is performed in a multi-shot
molding process. In another example, either the base
member or the expandable retention member could be
molded individually, then the other element could be in-
jected into the remaining portion of the mold, such as is
performed in an insert over-molding process. In an ex-
ample, the expandable retention member is dip coated
onto an outer surface of the base member. In an example,
the expandable retention member includes a hydrogel
sleeve (e.g., hydrogel tubing) configured to slide onto the
outer surface of the base member and be coupled using,
for instance, a urethane-based adhesive such as
Tecoflex® 1-MP.
[0068] At 808, a drug supply is disposed in the cavity
of the first body portion. In various examples, the drug
supply stores and slowly dispenses an agent to the eye
as they are leached out, for example, by tear film fluid.
The drug or other agent release can occur, at least in
part, via an exposed surface of the drug supply. In an
example, the exposed surface of the drug supply can be
positioned above the proximal end such that the drug
supply at least partially protrudes outside of the implant

21 22 



EP 2 276 471 B1

13

5

10

15

20

25

30

35

40

45

50

55

body. In some examples, the exposed surface of the drug
supply can be flush or slightly below the proximal end
such that the drug supply does not protrude outside of
the implant body.
[0069] The lacrimal implant can also be made by proc-
esses including insert overmolding where the implant
body can be molded out of one material and once com-
pleted can be placed into a second mold where the next
material is injected around the part; multi-component
molding where there is simultaneous injection of multiple
materials into a mold either through the same injection
nozzle or separate nozzles; multi-shot molding, where
there is sequential injection of separate materials into
different locations of the mold; and extrusion of a hydrogel
sleeve which is then bonded (via adhesive or melt bond-
ed) to a molded implant body.

Sheath Body Examples:

[0070] In various ways, the sheath body surrounding
and optionally included in the drug supply can comprise
appropriate shapes and materials to control migration of
one or agents from the supply. In some examples, the
sheath body is configured to be conformable to an implant
anatomy, such as an anatomy of a lacrimal punctum or
canaliculus. As discussed, in some examples, the sheath
body houses the drug supply and can fit snugly against
an outer surface of the matrix/agent mixture. The sheath
body can be made from a material that is substantially
impermeable to the agents so that the rate of migration
of the agents is largely controlled by an exposed surface
area of the drug supply that is not covered by the sheath
body. In many examples, migration of the agents through
the sheath body can be about one tenth of the migration
of the agent through the exposed surface of the drug
supply, or less. Suitable sheath body materials can in-
clude, among others, polyimide, polyethylene terephtha-
late (PET). The sheath body can have a thickness, as
defined from the sheath surface adjacent the outer ma-
trix/agent mixture surface to an opposing sheath surface
away from the outer surface, of about 0.00025 inches to
about 0.0015 inches. The total diameter of the sheath
that extends across the drug supply ranges from about
0.2 millimeters to about 12 millimeters. The drug supply
can be formed by dip coating the matrix in the sheath
body. In some examples, the sheath body can comprise
a tube into which the matrix/agent mixture is introduced.
The sheath body can also be dip coated around the ma-
trix/agent mixture, for example dip coated around a pre-
formed matrix/agent core.
[0071] The sheath body can be provided with one or
more additional features such as to facilitate clinical use
of the lacrimal implants discussed herein. For example,
the sheath can receive a drug supply that is exchange-
able in situ, while the implant body remains implanted in
the patient, or after its removal. In some examples, the
sheath body can be provided with one or more external
protrusions that apply force to the sheath body when

squeezed, which cause the matrix/agent mixture to be
ejected from the sheath body. A replacement drug supply
can then be positioned in the sheath body.

Therapeutic Agent Examples:

[0072] A therapeutic agent (or simply "agent") can
comprise, among other things, a drug made from one or
any combination of the following or their equivalents, de-
rivatives or analogs, including, anti-glaucoma medica-
tions, (e.g. adrenergic agonists, adrenergic antagonists
(beta blockers), carbonic anhydrase inhibitors (CAIs,
systemic and topical), parasympathomimetics, prostag-
landins and hypotensive lipids, and combinations there-
of), antimicrobial agent (e.g., antibiotic, antiviral, an-
tiparacytic, antifungal, etc.), a corticosteroid or other anti-
inflammatory (e.g., an NSAID or other analgesic and pain
management compounds), a decongestant (e.g., vaso-
constrictor), an agent that prevents of modifies an allergic
response (e.g., an antihistamine, cytokine inhibitor, leu-
cotriene inhibitor, IgE inhibitor, immunomodulator), a
mast cell stabilizer, cycloplegic, mydriatic or the like.
[0073] Example available agents include, but are not
limited to, thrombin inhibitors; antithrombogenic agents;
thrombolytic agents; fibrinolytic agents; vasospasm in-
hibitors; vasodilators; antihypertensive agents; antimi-
crobial agents, such as antibiotics (such as tetracycline,
chlortetracycline, bacitracin, neomycin, polymyxin,
gramicidin, cephalexin, oxytetracycline, chlorampheni-
col, rifampicin, ciprofloxacin, tobramycin, gentamycin,
erythromycin, penicillin, sulfonamides, sulfadiazine, sul-
facetamide, sulfamethizole, sulfisoxazole, nitrofurazone,
sodium propionate), antifungals (such as amphotericin
B and miconazole), and antivirals (such as idoxuridine
trifluorothymidine, acyclovir, gancyclovir, interferon); in-
hibitors of surface glycoprotein receptors; antiplatelet
agents; antimitotics; microtubule inhibitors; anti-secre-
tory agents; active inhibitors; remodeling inhibitors; anti-
sense nucleotides; anti-metabolites; antiproliferatives
(including antiangiogenesis agents); anticancer chemo-
therapeutic agents; anti-inflammatories (such as hydro-
cortisone, hydrocortisone acetate, dexamethasone 21-
phosphate, fluocinolone, medrysone, methylprednisolo-
ne, prednisolone 21-phosphate, prednisolone acetate,
fluoromethalone, betamethasone, triamcinolone, triam-
cinolone acetonide); non steroidal anti-inflammatories
(NSAIDs) (such as salicylate, indomethacin, ibuprofen,
diclofenac, flurbiprofen, piroxicam indomethacin, ibupro-
fen, naxopren, piroxicam and nabumetone). Examples
of such anti-inflammatory steroids contemplated for use
with the present lacrimal implants, include triamcinolone
acetonide (generic name) and corticosteroids that in-
clude, for example, triamcinolone, dexamethasone, fluo-
cinolone, cortisone, prednisolone, flumetholone, and de-
rivatives thereof.); antiallergenics (such as sodium chro-
moglycate, antazoline, methapyriline, chlorpheniramine,
cetrizine, pyrilamine, prophenpyridamine); anti prolifera-
tive agents (such as 1,3-cis retinoic acid, 5-fluorouracil,
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taxol, rapamycin, mitomycin C and cisplatin); decongest-
ants (such as phenylephrine, naphazoline, tetrahydrazo-
line); miotics and anti-cholinesterase (such as pilo-
carpine, salicylate, carbachol, acetylcholine chloride,
physostigmine, eserine, diisopropyl fluorophosphate,
phospholine iodine, demecarium bromide); antineoplas-
tics (such as carmustine, cisplatin, fluorouracil3; immu-
nological drugs (such as vaccines and immune stimu-
lants); hormonal agents (such as estrogens,--estradiol,
progestational, progesterone, insulin, calcitonin, parath-
yroid hormone, peptide and vasopressin hypothalamus
releasing factor); immunosuppressive agents, growth
hormone antagonists, growth factors (such as epidermal
growth factor, fibroblast growth factor, platelet derived
growth factor, transforming growth factor beta, soma-
totropin, fibronectin); inhibitors of angiogenesis (such as
angiostatin, anecortave acetate, thrombospondin, anti-
VEGF antibody); dopamine agonists; radiotherapeutic
agents; peptides; proteins; enzymes; extracellular ma-
trix; components; ACE inhibitors; free radical scaven-
gers; chelators; antioxidants; anti polymerases; photo-
dynamic therapy agents; gene therapy agents; and other
therapeutic agents such as prostaglandins, antiprostag-
landins, prostaglandin precursors, including antiglauco-
ma drugs including beta-blockers such as Timolol, betax-
olol, levobunolol, atenolol, and prostaglandin analogues
such as bimatoprost, travoprost, latanoprost etc; carbon-
ic anhydrase inhibitors such as acetazolamide, dorzola-
mide, brinzolamide, methazolamide, dichlorphenamide,
diamox; and neuroprotectants such as lubezole, ni-
modipine and related compounds; and parasympathom-
imetics such as pilocarpine, carbachol, physostigmine
and the like.
[0074] Additional agents that can be used with the
present lacrimal implants include, but are not limited to,
drugs that have been approved under Section 505 of the
United States Federal Food, Drug, and Cosmetic Act or
under the Public Health Service Act, some of which can
be found at the U.S. Food and Drug Administration (FDA)
website http://www.accessda-
ta.fda.gov/scripts/cder/drugsatfda/index. The present
lacrimal implants can also be used with drugs listed in
the Orange Book, either in paper or in electronic form,
which can be found at the FDA Orange Book website
(http://www.fda.gov/cder/ob/)), that has or records the
same date as, earlier date than, or later date than, the
filing date of this patent document. For example, these
drugs can include, among others, dorzolamide, olopata-
dine, travoprost, bimatoprost, cyclosporin, brimonidine,
moxifloxacin, tobramycin, brinzotamide, aciclovir timolol
maleate, ketorolac tromethamine, prednisolone acetate,
sodium hyaluronate, nepafenac, bromfenac, diclofenac,
flurbiprofen, suprofenac, binoxan, patanol, dexametha-
sone/tobramycin combination, moxifloxacin, or acyclovir.
[0075] Examples of diseases or disorders that can be
treated with above-listed agents include, but are not lim-
ited to, glaucoma, pre- and post-surgical ocular treat-
ments, dry eye, anti-eye allergy, anti-infective, post-sur-

gical inflammation or pain, or respiration-related disor-
ders, such as allergies In some examples, the therapeutic
agent can include a lubricant or a surfactant, for example
a lubricant to treat dry eye. In other examples, the ther-
apeutic agent can include an absorbent capable of ab-
sorbing tear from an eye.

Drug Supply Examples:

[0076] The drug supply can comprise one or more
agents, and in some examples, one or more matrix ma-
terials to provide sustained release of the agents. The
one or more agents can migrate from an exposed surface
of the drug supply to the target tissue (e.g., ciliary muscles
of an eye) based, at least in part, on a solubility of the
agents in the matrix. The rate of migration of the agents
from the exposed surface can also be related to the con-
centration of agents dissolved in the matrix. In some ex-
amples, the concentration of agents dissolved in the drug
supply can be controlled to provide the desired release
rate of the agents. In addition or in combination, the rate
of migration of agents from the exposed surface can be
related to one or more properties of the matrix in which
the agents dissolve, such as the properties of a silicone
matrix formulation. In some examples, the agents includ-
ed in the drug supply can include liquid, solid, solid gel,
solid crystalline, solid amorphous, solid particulate, or
dissolved forms. In one such example, liquid Latanoprost
droplets or solid Bimatoprost particles are dispersed in
a silicone matrix.
[0077] The drug supply can comprise one or more bio-
compatible materials capable of providing a sustained
release of the one or more agents. Although the drug
supply is primarily discussed above with respect to an
example comprising a matrix including a substantially
non-biodegradable silicone matrix with dissolvable inclu-
sions of the agents located therein, the drug supply can
include other structures that provide sustained release
of the agents, for example a biodegradable matrix, a po-
rous drug supply, a liquid drug supply or a solid drug
supply. A matrix that includes the agents can be formed
from either biodegradable or non-biodegradable poly-
mers. In some examples, a non-biodegradable drug sup-
ply can include silicone, acrylates, polyethylenes, poly-
urethane, polyurethane, hydrogel, polyester (e.g., DA-
CRON.RTM. from E. I. Du Pont de Nemours and Com-
pany, Wilmington, Del.), polypropylene, polytetrafluor-
oethylene (PTFE), expanded PTFE (ePTFE), polyether
ether ketone (PEEK), nylon, extruded collagen, polymer
foam, silicone rubber, polyethylene terephthalate, ultra
high molecular weight polyethylene, polycarbonate ure-
thane, polyurethane, polyimides, stainless steel, nickel-
titanium alloy (e.g., Nitinol), titanium, stainless steel, co-
balt-chrome alloy (e.g., ELGILOY.RTM. from Elgin Spe-
cialty Metals, Elgin, III.; CONICHROME.RTM. from Car-
penter Metals Corp., Wyomissing, Pa.). In some exam-
ples, a biodegradable drug supply can comprise one or
more biodegradable polymers, such as protein, hydrogel,
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polyglycolic acid (PGA), polylactic acid (PLA), poly(L-lac-
tic acid) (PLLA), poly(L-glycolic acid) (PLGA), polyglycol-
ide, poly-L-lactide, poly-D-lactide, poly(amino acids),
polydioxanone, polycaprolactone, polygluconate, poly-
lactic acid-polyethylene oxide copolymers, modified cel-
lulose, collagen, polyorthoesters, polyhydroxybutyrate,
polyanhydride, polyphosphoester, poly(alpha-hydroxy
acid) and combinations thereof. In some examples, the
drug supply can comprise a hydrogel polymer.

EXPERIMENTAL EXAMPLES

[0078] In order that the present lacrimal implants can
be more fully understood, the following examples are giv-
en by way of illustration.

Experimental Example 1

[0079] FIG. 9 illustrates a lacrimal implant 300 com-
prising an implant body, which includes a base member,
and an expandable retention member coupled at least
partially over the base member. In this example, the im-
plant body includes a polyurethane/silicone copolymer
and the expandable retention element includes a poly-
urethane hydrogel sleeve.
[0080] The lacrimal implant 300 was tested by soaking
in a saline solution and changes to both diameter and
length of the expandable retention member were meas-
ured. At 902, the implant body and the expandable re-
tention member are shown at t=0 minutes. At 904, the
implant body and the expandable retention member are
shown at t=5 minutes. At 906, the implant body and the
expandable retention member are shown at t=10 min-
utes. At 908, the implant body and the expandable re-
tention member are shown at t=30 minutes. At 910, the
implant body and the expandable retention member are
shown at t=5 minutes. Table 912 shows that the expand-
able retention element increased in dimensional size to
1.23 millimeters (a dimensional change of 2.24 times the
original dimension) in 60 minutes, and further increased
to 1.31 millimeters (a dimensional change of 2.38 times
the original dimension) in 24 hours.

Experimental Example 2

[0081] FIG. 10 illustrates a lacrimal implant 300 com-
prising a implant body, which includes a base member,
and an expandable retention member coupled at least
partially over the base member. In this example, the im-
plant body includes a polyurethane/silicone copolymer
and the expandable retention element includes a poly-
urethane hydrogel sleeve.
[0082] The lacrimal implant 300 was tested by soaking
in a saline solution and changes to both diameter and
length of the expandable retention member were meas-
ured. At 1002, the implant body and the expandable re-
tention member are shown at t=0 minutes. At 1004, the
implant body and the expandable retention member are

shown at t=5 minutes. At 1006, the implant body and the
expandable retention member are shown at t=10 min-
utes. At 1008, the implant body and the expandable re-
tention member are shown at t=30 minutes. At 1010, the
implant body and the expandable retention member are
shown at t=5 minutes. Table 1012 shows that the ex-
pandable retention element increased in dimensional
size to 1.17 millimeters (a dimensional change of 2.02
times the original dimension) in 60 minutes, and further
increased to 1.24 millimeters (a dimensional change of
2.14 times the original dimension) in 24 hours.

Experimental Example 3

[0083] FIG. 11 illustrates two lacrimal implants 300,
each comprising a implant body having a first portion and
a second portion. In this example, the first portion of the
implant body includes a silicone-urethane copolymer,
and the second portion of the implant body includes a
urethane hydrogel (TG-500®),
[0084] The lacrimal implant 300 was tested by soaking
in a saline solution and changes to a diameter of the
second body portion were measured. At 1102, the im-
plant body, including the first and second portions, are
shown at t=0 minutes. At 1104, the implant body, includ-
ing the first and second portions, are shown at t=2 min-
utes. At 1106, the implant body, including the first and
second portions, are shown at t=5 minutes. At 1108, the
implant body, including the first and second portions, are
shown at t=10 minutes. Table 1110 shows, among other
things that the second portion of the implant body in-
creased in dimensional size from 0.44 millimeters to 0.76
millimeters (a 72% dimensional change) in only 2 min-
utes.

Experimental Example 4

[0085] FIG. 12 illustrates two lacrimal implants 300,
each comprising a implant body having a first portion and
a second portion. In this example, the first portion of the
implant body includes a silicone-urethane copolymer,
and the second portion of the implant body includes a
urethane hydrogel (TG-2000®),
[0086] The lacrimal implant 300 was tested by soaking
in a saline solution and changes to a diameter of the
second body portion were measured. At 1202, the im-
plant body, including the first and second portions, are
shown at t=0 minutes. At 1204, the implant body, includ-
ing the first and second portions, are shown at t=2 min-
utes. At 1206, the implant body, including the first and
second portions, are shown at t=5 minutes. At 1208, the
implant body, including the first and second portions, are
shown at t=10 minutes. At 1210, the implant body, in-
cluding the first and second portions, are shown at t=30
minutes. Table 1212 shows, among other things, that the
second portion of the implant body increased in dimen-
sional size from 0.47 millimeters to 0.92 millimeters (a
95% dimensional change) in only 2 minutes.
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Closing Notes:

[0087] Among other things, lacrimal implants and re-
lated methods providing secure retention within a lac-
rimal punctum and canaliculus of an eye are discussed
herein.
The implant body includes first and second portions, in
which the first portion is formed from a polymer and in-
cludes a first diameter and the second portion is also
formed from a polymer and includes a base member hav-
ing a second diameter. The second diameter of the base
member is less than the first diameter of the first body
portion. An expandable retention member is coupled at
least partially over the base member and is configured
to swell via absorption of lacrimal fluid after insertion into
the lacrimal punctum. In this way, at least a portion of the
expandable retention member can be biased against a
least a portion of a lacrimal canaliculus wall to retain an
implant position of the lacrimal implant.
In various examples, the lacrimal implant can further
comprise a drug or other agent supply included in at least
one of the first portion or the expandable retention mem-
ber, such as to provide a sustained release of a thera-
peutic agent to one or both of an eye or a nasal passage,
for instance.
[0088] The present lacrimal implants can be securely
retained in or near an eye, such as for one or more of
successfully blocking the flow of tears from the eye, or
providing sustained delivery of a drug or other therapeutic
agent to the eye, nasal passage or other portion of the
nasolacrimal system. Configuring the lacrimal implant to
include an expandable retention member coupled at least
partially over a second, smaller diameter portion of the
implant body can inhibit the lacrimal implant from inad-
vertently coming out of an implanted lacrimal punctum
and canalicular position, and can be used to at least par-
tially block movement of a fluid through the lacrimal ca-
naliculus. For instance, it may be possible to control the
amount of swelling of the expandable retention element
to set the lacrimal implant in place, but to prevent over
swelling which may tend to push the implant out of the
implanted position. In addition, by configuring the ex-
pandable retention member to be coupled at least par-
tially over the second, smaller diameter portion of the
implant body, adequate adhesion between the expand-
able retention member (or optionally, an intermediate
swellable member) and the implant body is possible via
a relatively large surface coupling area.
[0089] The above Detailed Description includes refer-
ences to the accompanying drawings, which form a part
of the Detailed Description. The drawings show, by way
of illustration, specific embodiments in which the inven-
tion can be practiced.
These embodiments are also referred to herein as "ex-
amples".
[0090] In this document, the terms "a" or "an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or

usages of "at least one" or "one or more." In this docu-
ment, the term "or" is used to refer to a nonexclusive or,
such that "A or B" includes "A but not B," "B but not A,"
and "A and B," unless otherwise indicated. In this docu-
ment, the term "about" is used to refer to an amount that
is approximately, nearly, almost, or in the vicinity of being
equal to a stated amount.
[0091] In this document, the term "proximal" refers to
a location relatively closer to a hand of a physician im-
planting a lacrimal implant into a patient, and the term
"distal" refers to a location relatively further from the hand
of the physician, particularly during the implanting of the
implant into the patient.
[0092] In this document, the term "hydrogel" is used to
refer to an absorbing or otherwise retaining material (e.g.,
adsorbing material), such as super-absorbent polymers,
hydrocolloids, and water-absorbent hydrophilic poly-
mers, for example. In some examples, the term "hydro-
gel" refers to super-absorbent polymer particles in a "dry
or dehydrated" state, more specifically, particles contain-
ing from no water up to an amount of water less than the
weight of the particles, such as less than about 5%, by
weight, water. In some examples, the term "hydrogel"
refers to a super-absorbent polymer in the "dry or dehy-
drated" state when the hydrogel is not expandable and
also refers to its hydrated or expanded state, more spe-
cifically, hydrogels that have absorbed at least their
weight in water, such as several times their weight in
water. As the hydrogel material absorbs fluid, it size can
increase and its shape can change to bias against at
least a portion of a lacrimal canaliculus ampulla or lac-
rimal canaliculus wall, for example.
[0093] In this document, the term "medicament" is
used to refer to an active agent that is suitable for use in
medical treatment, such as a medicinal compound or
drug.
[0094] In this document, the term "active agent" refers
to a molecular entity that exerts an effect on a living or-
ganism.
[0095] In this document, the term "polymer" refers to
an organic macromolecule containing one or more re-
peating units, as is well known in the art. A "copolymer"
refers to a polymer in which there are at least two types
of repeating units included. A copolymer can be a block
copolymer, in which there are segments containing mul-
tiple repeating units of one type, bonded to segments
containing multiple repeating units of a second type.
[0096] In this document, the term "hydrophilic polymer"
refers to a polymer that can be wetted by water, i.e., does
not have a water-repellant surface. A hydrophilic polymer
can absorb water to a small degree, for example about
0-100 wt% of water, but does not greatly swell in volume
as does a hydrogel-forming polymer.
[0097] In this document, the term "polyurethane" refers
to a variety of polymer or copolymer containing repeating
units bonded covalently through urethane, i.e., car-
bamate, bonds, -N-C(O)-O- wherein the N and O atoms
are attached to an organic radical. The organic radical
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can be aliphatic, aromatic, or mixed; can contain other
functional groups. Each radical, other than the radicals
at the ends of the molecular chains, is bonded via two
(or more) urethane groups to other radicals. A poly-
urethane polymer contains only urethane-type groups
joining the repeating units. A polyurethane copolymer,
such as a polyurethane-silicone copolymer or a poly-
urethane-carbonatc copolymer, contains urethane and
other types of groups joining the repeating units, i.e., sil-
icone and carbonate type groups respectively. Examples
include Elast-Eon™ by AorTech, a polyurethane-silicone
copolymer, Tecoflex® by Lubrizol, an aliphatic flexible
polyurethane, Tecothane® by Lubrizol, a thermoplastic
polyurethane, and Carbothane® by Lubrizol, a poly-
urethane/polycarbonate copolymer.
[0098] A polyurethane-silicone copolymer contains
segments of polyurethane chains and segments of sili-
cone chains, as is well known in the art. An example of
a polyurethane-silicone copolymer is "Pursil®", a product
of Polymer Technologies Inc., of Berkeley, CA, described
by the manufacturer as a family of aliphatic, thermoplastic
silicone polyether urethane copolymers. These polymers
are formed by the incorporation of silicone in the polymer
backbone together with polyether soft segments, and the
use of Surface-Modifying End Groups™ (SME) to termi-
nate the polymer chain. A polyurethane-carbonate co-
polymer contains urethane segments and carbonate (-O-
C(O)O-) segments. An example of a polyurethane-car-
bonate copolymer is Carbothane TPU® (Lubrizol).
[0099] "TG-500" and "TG-2000" are polyurethane hy-
drogel-forming polymers manufactured by the Thermed-
ics Polymer Products division of Lubrizol Advanced Ma-
terials, Inc., of Wilmington, MA. They are described by
the manufacturer as aliphatic, polyether based thermo-
plastic polyurethanes capable of forming hydrogels.
Such hydrogel-forming polymers can absorb greater
than 100 wt%, for example up to 500-2000 wt% of water,
and consequently swell in physical dimensions.
[0100] In the appended claims, the terms "including"
and "in which" are used as the plain-English equivalents
of the respective terms "comprising" and "wherein." Also,
in the following claims, the terms "including" and "com-
prising" are openended, that is, a system, assembly, de-
vice, article, or process that includes elements in addition
to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms "first,"
"second", and "third", etc. are used merely as labels, and
are not intended to impose numerical requirements on
their objects.

Claims

1. A lacrimal implant (300), comprising:

(i) a polyurethane polymer, a polyurethane co-
polymer or silicone implant body (402) config-

ured for at least partial insertion through a lac-
rimal punctum and into an associated lacrimal
canaliculus, the implant body (402) comprising:
a first portion (304) having a first diameter (408);
a second portion (406) including a base member
(412), the second portion (406) and the base
member (412) have a second diameter (410),
wherein the second diameter (410) is less than
the first diameter (408);
(ii) a drug supply (420) included in a proximal
end (418) of the first portion (304), such as to
provide a sustained release of a therapeutic
agent to an eye; and
(iii) an expandable retention member (314) cou-
pled at least partially over the base member
(412) and being configured to swell via absorp-
tion of lacrimal fluid after insertion into the lac-
rimal punctum.

2. The lacrimal implant of claim 1, wherein the expand-
able retention member (314) is a hydrogel-forming
polyurethane polymer or copolymer.

3. The lacrimal implant of any preceding claim, wherein
the drug supply (420) includes a plurality of thera-
peutic agent inclusions (452) distributed in a matrix
(454) and wherein the matrix (454) comprises a sil-
icone matrix or the like, and the distribution of inclu-
sions (452) within the matrix are homogeneous or
non-homogeneous.

4. The lacrimal implant of claim 3, wherein inclusions
(452) include droplets of oil, such as latanoprost, or
solid particles such as bimatoprost particles in crys-
talline form.

5. The lacrimal implant of any preceding claim, wherein
the active agent is selected from the group consisting
of:
thrombin inhibitors; antithrombogenic agents;
thrombolytic agents; fibrinolytic agents; vasospasm
inhibitors; vasodilators; antihypertensive agents; an-
timicrobial agents; tetracycline; chlortetracycline;
bacitracin; neomycin; polymyxin; gramicidin; ce-
phalexin; oxytetracycline; chloramphenicol; ri-
fampicin; ciprofloxacin; tobramycin; gentamycin;
erythromycin; penicillin; sulfonamides; sulfadiazine;
sulfacetamide; sulfamethizole; sulfisoxazole; nitro-
furazone; sodium propionate; antifungals; ampho-
tericin B; miconazole; antivirals; idoxuridine trifluor-
othymidine; acyclovir; gancyclovir; interferon; inhib-
itors of surface glycoprotein receptors; antiplatelet
agents; antimitotics; microtubule inhibitors; anti-se-
cretory agents; active inhibitors; remodeling inhibi-
tors; antisense nucleotides; anti-metabolites; anti-
proliferatives; antiangiogenesis agents; anticancer
chemotherapeutic agents; antiinflammatories; hy-
drocortisone; hydrocortisone acetate; dexametha-
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sone 21 -phosphate; fluocinolone; medrysone;
methylprednisolone; prednisolone 21 -phosphate;
prednisolone acetate; fluoromethalone; betametha-
sone; triamcinolone; triamcinolone acetonide; non-
steroidal antiinflammatories (NSAIDs); salicylate; in-
domethacin; ibuprofen; diclofenac; flurbiprofen;
piroxicam indomethacin; ibuprofen; naxopren; pirox-
icam; nabumetone; triamcinolone acetonide (gener-
ic name); triamcinolone; dexamethasone; fluoci-
nolone; cortisone; prednisolone; flumetholone; an-
tiallergenics; sodium chromoglycate; antazoline;
methapyriline; chlorpheniramine; cetrizine; pyril-
amine; prophenpyridamine; anti proliferative agents;
1,3-cis retinoic acid; 5-fluorouracil; taxol; rapamycin;
mitomycin C; cisplatin; decongestants; phenyle-
phrine; naphazoline; tetrahydrazoline; miotics; anti-
cholinesterase; pilocarpine; salicylate; carbachol;
acetylcholine chloride; physostigmine; serine; diiso-
propyl fluorophosphates; phospholine iodine; deme-
carium bromide; antineoplastics; carmustine; cispl-
atin; fluorouracil; immunological drugs; vaccines; im-
mune stimulants; hormonal agents; estrogens; es-
tradiol; progestational; progesterone; insulin; calci-
tonin; parathyroid hormone; peptide and vaso-
pressin hypothalamus releasing factor; immunosup-
pressive agents; growth hormone antagonists;
growth factors; epidermal growth factor; fibroblast
growth factor; platelet derived growth factor; trans-
forming growth factor beta, somatotrapin; fibronec-
tin; inhibitors of angiogenesis; angiostatin; anecor-
tave acetate; thrombospondin; anti-VEGF antibody;
dopamine agonists; radiotherapeutic agents; pep-
tides; proteins; enzymes; extracellular matrix com-
ponents; ACE inhibitors; free radical scavengers;
chelators; antioxidants; anti polymerases; photody-
namic therapy agents; gene therapy agents; pros-
taglandins; antiprostaglandins; prostaglandin pre-
cursors; antiglaucoma drugs; beta-blockers;
Timolol; betaxolol; levobunolol; atenolol; prostaglan-
din analogues; bimatoprost; travoprost; latanoprost;
carbonic anhydrase inhibitors; acetazolamide; dor-
zolamide; brinzolamide; methazolamide; dichlo-
rphenamide; diamox; neuroprotectants; lubezole; ni-
modipine; parasympathomimetrics; pilocarpine; car-
bachol; and physostigmine.

6. The lacrimal implant of any preceding claim, wherein
the implant (300) further includes a projection (422)
extending laterally around the proximal end (418) of
the first implant body portion (304); wherein the pro-
jection (422) is configured to seat against or near a
punctal opening (212, 214) when the second portion
(406) of the implant body (402) is positioned within
the associated canalicular lumen (208, 210), such
as for inhibiting or preventing the lacrimal implant
(300) from passing completely within the canalicular
lumen.

7. The lacrimal implant of claim 6, wherein the projec-
tion (422) is a full head portion extending 360 de-
grees around the proximal end (418) from an outer
implant body surface.

Patentansprüche

1. Lakrimales Implantat (300), umfassend:

(i) ein Polyurethanpolymer, ein Polyurethanco-
polymer oder einen Silikonimplantatkörper
(402), konfiguriert zumindest für eine teilweise
Einbringung durch einen Tränenpunkt und in ein
assoziiertes Tränenkanälchen, wobei der Imp-
lantatkörper (402) Folgendes umfasst:

einen ersten Abschnitt (304), der einen ers-
ten Durchmesser (408) aufweist;
einen zweiten Abschnitt (406), einschlie-
ßend ein Basiselement (412), wobei der
zweite Abschnitt (406) und das Basisele-
ment (412) einen zweiten Durchmesser
(410) aufweisen, wobei der zweite Durch-
messer (410) kleiner ist als der erste Durch-
messer (408);

(ii) eine Arzneimittelzufuhr (420), die in einem
proximalen Ende (418) des ersten Abschnitts
(304) eingeschlossen ist, wie etwa um eine ver-
zögerte Freisetzung eines Therapeutikums für
ein Auge bereitzustellen; und
(iii) ein erweiterbares Rückhalteelement (314),
das zumindest teilweise über das Basiselement
(412) gekoppelt und konfiguriert ist, um über die
Absorption von Tränenflüssigkeit nach der Ein-
bringung in den Tränenpunkt aufzuquellen.

2. Lakrimales Implantat nach Anspruch 1, wobei das
erweiterbare Rückhalteelement (314) ein Hydrogel
bildendes Polyurethanpolymer oder -copolymer ist.

3. Lakrimales Implantat nach einem der vorhergehen-
den Ansprüche, wobei die Arzneimittelzufuhr (420)
eine Vielzahl von therapeutischen Wirkstoffein-
schlüssen (452) einschließt, die in einer Matrix (454)
verteilt sind und wobei die Matrix (454) eine Silikon-
matrix oder dergleichen umfasst, und die Verteilung
von Einschlüssen (452) in der Matrix homogen oder
nicht-homogen ist.

4. Lakrimales Implantat nach Anspruch 3, wobei Ein-
schlüsse (452) Tröpfchen von Öl, wie etwa Latano-
prost, oder feste Partikel, wie etwa Bimatoprost-Par-
tikel, in kristalliner Form, einschließen.

5. Lakrimales Implantat nach einem der vorhergehen-
den Ansprüche, wobei der Wirkstoff ausgewählt ist
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aus der Gruppe, bestehend aus:
Thrombin-Inhibitoren; antithrombogenen Mitteln;
thrombolytischen Mitteln; fibrinolytischen Mitteln;
Vasospasmus-Inhibitoren; Vasodilatatoren; Antihy-
pertonika; antimikrobiellen Mitteln; Tetracyclin;
Chlortetracyclin; Bacitracin; Neomycin; Polymyxin;
Gramicidin; Cephalexin; Oxytetracyclin; Chloram-
phenicol; Rifampicin; Ciprofloxacin; Tobramycin;
Gentamycin; Erythromycin; Penicillin; Sulfonami-
den; Sulfadiazin; Sulfacetamid; Sulfamethizol; Sul-
fisoxazol; Nitrofurazon; Natriumpropionat; Antimy-
kotika; Amphotericin B; Miconazol; antiviralen Mit-
teln; Idoxuridin; Trifluorthymidin; Acyclovir; Gancyc-
lovir; Interferon; Inhibitoren der Oberflächenglyko-
proteinrezeptoren; Antithrombozytenmitteln; Antimi-
totika; Mikrotubuli-Hemmern; sekretionshemmen-
den Mitteln; aktiven Inhibitoren; Remodelling-Inhibi-
toren; Antisense-Nukleotiden; Antimetaboliten;
Proliferationshemmern; Antiangiogenen Mitteln; An-
tikrebs-Chemotherapeutika; Entzündungshem-
mern; Hydrocortison; Hydrocortisonacetat; Dexa-
methason-21-phosphat; Fluocinolon; Medryson;
Methylprednisolon; Prednisolon-21-phosphat;
Prednisolonacetat; Fluormethalon; Betamethason;
Triamcinolon; Triamcinolonacetonid; nichtsteroida-
len Entzündungshemmern (NSAIDs); Salicylat; In-
dometacin; Ibuprofen; Diclofenac; Flurbiprofen; Pi-
roxicam; Indometacin; Ibuprofen; Naxopren; Piroxi-
cam; Nabumeton; Triamcinolonacetonid (generi-
scher Name); Triamcinolon; Dexamethason; Fluoci-
nolon; Cortison; Prednisolon; Flumetholon; Antiall-
ergika; Natriumchromoglycat; Antazolin; Methapyri-
lin; Chlorpheniramin; Cetirizin; Pyrilamin; Prophen-
pyridamin; antiproliferativen Mitteln; 1,3-cis-
Retinsäure; 5-Fluorouracil; Taxol; Rapamycin; Mito-
mycin C; Cisplatin; abschwellenden Mitteln; Phe-
nylephrin; Naphazolin; Tetrahydrazolin; Miotika; An-
ticholinesterase; Pilocarpin; Salicylat; Carbachol;
Acetylcholinchlorid; Physostigmin; Serin; Diisopro-
pylfluorphosphaten; Phospholiniodin; Demecarium-
bromid; antineoplastischen Mitteln; Carmustin; Ci-
splatin; Fluorouracil; immunologischen Arzneimit-
teln; Impfstoffen; Immunstimulantien; hormonellen
Mitteln; Östrogenen; Estradiol; Gestagen; Progeste-
ron; Insulin; Calcitonin; Parathormon; Peptid- und
Vasopressin-Hypothalamus-Releasing-Faktor; im-
munsuppressiven Mitteln; Wachstumshormonanta-
gonisten; Wachstumsfaktoren; epidermalem
Wachstumsfaktor; Fibroblastenwachstumsfaktor;
Plättchenwachstumsfaktor; Transforming Growth
Factor Beta; Somatotropin; Fibronektin; Angiogene-
sehemmern; Angiostatin; Anecortavacetat; Throm-
bospondin; Anti-VEGF-Antikörper; Dopaminagonis-
ten; radiotherapeutischen Mitteln; Peptiden; Protei-
nen; Enzymen; extrazellulären Matrixkomponenten;
ACE-Hemmern; Radikalfängern; Chelatbildnern;
Antioxidantien; Anti-Polymerasen; Mitteln für die
photodynamische Therapie; Mitteln für die Genthe-

rapie; Prostaglandinen; Antiprostaglandinen; Pros-
taglandin-Vorläufern; Antiglaukommitteln; Beta-Blo-
ckern; Timolol; Betaxolol; Levobunolol; Atenolol;
Prostaglandinanaloga; Bimatoprost; Travoprost; La-
tanoprost; Carboanhydrasehemmern; Acetazola-
mid; Dorzolamid; Brinzolamid; Methazolamid; Di-
chlorphenamid; Diamox; neuroprotektiven Mitteln;
Lubezol; Nimodipin; Parasympathomimetika; Pilo-
carpin; Carbachol; und Physostigmin.

6. Lakrimales Implantat nach einem der vorhergehen-
den Ansprüche, wobei das Implantat (300) ferner ei-
ne Ausbuchtung (422) einschließt, die sich lateral
um das proximale Ende (418) des ersten Implantat-
körperabschnitts (304) erstreckt;
wobei die Ausbuchtung (422) konfiguriert ist, um an
oder in der Nähe einer Punktöffnung (212, 214) zu
sitzen, wenn der zweite Abschnitt (406) des Implan-
tatkörpers (402) in dem assoziierten kanalikulären
Lumen (208, 210) positioniert ist, wie etwa um ein
vollständiges Hindurchgehen des lakrimalen Imp-
lantats (300) in dem kanalikulären Lumen zu hem-
men oder zu verhindern.

7. Lakrimales Implantat nach Anspruch 6, wobei die
Ausbuchtung (422) ein voller Kopfabschnitt ist, der
sich 360 Grad um das proximale Ende (418) von
einer äußeren Implantatkörperfläche erstreckt.

Revendications

1. Implant lacrymal (300), comprenant :

(i) un polymère de polyuréthane, un copolymère
de polyuréthane ou un corps d’implant en silico-
ne (402) conçu pour une insertion au moins par-
tielle à travers un point lacrymal et dans un ca-
nalicule lacrymal associé, le corps d’implant
(402) comprenant :

une première partie (304) ayant un premier
diamètre (408) ;
une seconde partie (406) comportant un
élément de base (412), la seconde partie
(406) et l’élément de base (412) ayant un
second diamètre (410), ledit second diamè-
tre (410) étant inférieur au premier diamètre
(408) ;

(ii) une alimentation en médicament (420) com-
prise dans une extrémité proximale (418) de la
première partie (304), de façon à assurer la li-
bération prolongée d’un agent thérapeutique
dans un oeil ; et
(iii) un élément de retenue expansible (314) cou-
plé au moins en partie sur l’élément de base
(412) et conçu pour gonfler par absorption de
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fluide lacrymal après insertion dans le point la-
crymal.

2. Implant lacrymal selon la revendication 1, ledit élé-
ment de retenue expansible (314) étant un polymère
ou copolymère de polyuréthane formant hydrogel.

3. Implant lacrymal selon l’une quelconque des reven-
dications précédentes, ladite alimentation en médi-
cament (420) comportant une pluralité d’inclusions
d’agent thérapeutique (452) réparties dans une ma-
trice (454) et ladite matrice (454) comprenant une
matrice en silicone ou du même type, et la répartition
des inclusions (452) au sein de la matrice étant ho-
mogène ou non homogène.

4. Implant lacrymal selon la revendication 3, lesdites
inclusions (452) comprenant des gouttelettes d’hui-
le, tel que du latanoprost, ou des particules solides
telles que des particules de bimatoprost sous forme
cristalline.

5. Implant lacrymal selon l’une quelconque des reven-
dications précédentes, le principe actif étant choisi
dans le groupe constitué par :

les inhibiteurs de la thrombine ; les agents anti-
thrombogènes ; les agents thrombolytiques ;
les agents fibrinolytiques ; les inhibiteurs de
vasospasme ; les vasodilatateurs ; les agents
antihypertenseurs ; les agents antimicrobiens ;
la téracycline ; la chlortétracycline ; la
bacitracine ; la néomycine ; la polymyxine ; la
gramicidine ; la céphalexine ; l’oxytétracycline ;
le chloramphénicol; la rifampicine ; la
ciprofloxacine ; la tobramycine ; la
gentamycine ; l’érythromycine ; la pénicilline ;
les sulfonamides ; la sulfadiazine ; le
sulfacétamide ; le sulfaméthizole ; le
sulfisoxazole ; la nitrofurazone ; le propionate
de sodium ; les antifongiques ; l’amphotéricine
B ; le miconazole ; les antiviraux ; l’idoxuridine ;
la trifluorothymidine ; l’acyclovir; le gancyclovir ;
l’interféron ; les inhibiteurs de récepteurs de gly-
coprotéine de surface ; les agents
antiplaquettaires ; les antimitotiques ; les inhibi-
teurs de microtubules ; les agents anti-
sécrétoires ; les inhibiteurs actifs ; les inhibi-
teurs de remodelage ; les nucléotides antisens ;
les anti-métabolites ; les agents
antiprolifératifs ; les agents anti-
angiogéniques ; les agents chimiothérapeuti-
ques anticancéreux ;
les anti-inflammatoires ; l’hydrocortisone ; l’acé-
tate d’hydrocortisone ; le dexaméthasone-21-
phosphate ; la fluocinolone ; la médrysone ; la
méthylprednisolone ; le prednisolone-21-
phosphate ; l’acétate de prednisolone ; la

fluorométhalone ; la bétaméthasone ; la
triamcinolone ; l’acétonide de triamcinolone ;
les anti-inflammatoires non stéroïdiens (AINS) ;
le salicylate ; l’indométhacine ; l’ibuprofène ; le
diclofénac ; le flurbiprofène ; le piroxicam ;
l’indométhacine ; l’ibuprofène ; le naxoprène ; le
piroxicam ; la nabumétone; l’acétonide de triam-
cinolone (nom générique) ; la triamcinolone ; la
dexaméthasone ; la fluocinolone ; la cortisone;
la prednisolone; la flumétholone ; les anti-
allergènes ; le chromoglycate de sodium ;
l’antazoline ; la méthapyriline ; la
chlorphéniramine ; la cétirizine ; la pyrilamine ;
la prophénpyridamine ; les agents anti-
prolifératifs ; l’acide 1,3-cis-rétinoïque ; le 5-
fluorouracile ; le taxol ; la rapamycine ; la mito-
mycine C ; la cisplatine ; les
décongestionnants ; la phényléphrine ; la
naphazoline ; la tétrahydrazoline ; les
myotiques ; l’anti-cholinestérase ; la
pilocarpine ; le salicylate ; le carbachol ; le chlo-
rure d’acétylcholine ; la physostigmine ; la
sérine ; les fluorophosphates de diisopropyle ;
l’iodure de phospholine ; le bromure de
démécarium ; les antinéoplasiques ; la
carmustine ; la cisplatine ; le fluorouracile ; les
médicaments immunologiques ; les vaccins ;
les stimulants immunitaires ; les agents
hormonaux ; les oestrogènes ; l’estradiol; les
agents progestatifs ; la progestérone ;
l’insuline ; la calcitonine ; l’hormone
parathyroïdienne ; les facteurs de libération par
l’hypothalamus de peptide et de vasopressine ;
les agents immunosuppresseurs ; les antago-
nistes de l’hormone de croissance ; les facteur
de croissance ; le facteur de croissance
épidermique ; le facteur de croissance des
fibroblastes ; le facteur de croissance dérivé des
plaquettes ; le facteur de croissance transfor-
mant bêta ; la somatotropine ; la fibronectine ;
les inhibiteurs de l’angiogenèse ; l’angiostatine ;
l’acétate d’anecortave ; la thrombospondine ;
un anticorps anti-VEGF ; les agonistes de la
dopamine ; les agents radiothérapeutiques ; les
peptides ; les protéines ; les enzymes ; les com-
posants matriciels extracellulaires ; les inhibi-
teurs de l’ECA ; les capteurs de radicaux libres ;
les chélateurs ; les antioxydants ; les anti-
polymérases ; les agents de thérapie
photodynamique ; les agents de thérapie
génique ; les prostaglandines ; les
antiprostaglandines ; les précurseurs de la
prostaglandine ; les médicaments
antiglaucomateux ; les bêta-bloquants ; le
timolol ; le bétaxolol ; le lévobunolol ; l’aténolol ;
les analogues de la prostaglandine ; le
bimatoprost ; le travoprost ; le latanoprost ; les
inhibiteurs de l’anhydrase carbonique ;
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l’acétazolamide ; le dorzolamide ; le
brinzolamide ; le méthazolamide ; le
dichlorphénamide ; le diamox ; les
neuroprotecteurs ; le lubézole ; la nimodipine ;
les parasympathomimétiques ; la pilocarpine ;
le carbachol ; et la physostigmine.

6. Implant lacrymal selon l’une quelconque des reven-
dications précédentes, ledit implant (300) compre-
nant en outre une protubérance (422) s’étendant la-
téralement autour de l’extrémité proximale (418) de
la première partie de corps d’implant (304) ; ladite
protubérance (422) étant conçue pour reposer con-
tre ou à proximité d’un orifice de ponction (212, 214)
lorsque la seconde partie (406) du corps d’implant
(402) se trouve au sein de la lumière canaliculaire
associée (208, 210), de façon à empêcher ou pré-
venir la passage complet de l’implant lacrymal (300)
dans la lumière canaliculaire.

7. Implant lacrymal selon la revendication 6, ladite pro-
tubérance (422) étant une partie de tête complète
s’étendant à 360 degrés autour de l’extrémité proxi-
male (418) depuis une surface externe de corps
d’implant.
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