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IMPLANTS WITH CONTROLLED DRUG 
DELIVERY FEATURES AND METHODS OF 

USING SAME 

RELATED CASES 
[ 0001 ] The contents of the each of the priority applications 
listed in the accompanying Application Data Sheet are 
incorporated in their entirety by reference herein . 

extend posteriorly to the optic nerve . About two percent of 
people in the United States have glaucoma , which is a group 
of eye diseases encompassing a broad spectrum of clinical 
presentations and etiologies but unified by increased 
intraocular pressure . Glaucoma causes pathological changes 
in the optic nerve , visible on the optic disk , and it causes 
corresponding visual field loss , which can result in blindness 
if untreated . Increased intraocular pressure is the only risk 
factor associated with glaucoma that can be treated , thus 
lowering intraocular pressure is the major treatment goal in 
all glaucomas , and can be achieved by drug therapy , surgical 
therapy , or combinations thereof . 
[ 0008 ] Many pathologies of the eye progress due to the 
difficulty in administering therapeutic agents to the eye in 
sufficient quantities and / or duration necessary to ameliorate 
symptoms of the pathology . Often , uptake and processing of 
the active drug component of the therapeutic agent occurs 
prior to the drug reaching an ocular target site . Due to this 
metabolism , systemic administration may require undesir 
ably high concentrations of the drug to reach therapeutic 
levels at an ocular target site . This can not only be imprac 
tical or expensive , but may also result in a higher incidence 
of side effects . Topical administration is potentially limited 
by limited diffusion across the cornea , or dilution of a 
topically applied drug by tear - action . Even those drugs that 
cross the cornea may be unacceptably depleted from the eye 
by the flow of ocular fluids and transfer into the general 
circulation . Thus , a means for ocular administration of a 
therapeutic agent in a controlled and targeted fashion would 
address the limitations of other delivery routes . 

SUMMARY 

BACKGROUND 
[ 0002 ] 1 . Field 
[ 0003 ] This disclosure relates to implantable intraocular 
drug delivery devices structured to provide targeted and / or 
controlled release of a drug to a desired intraocular target 
tissue and methods of using such devices for the treatment 
of ocular diseases and disorders . In certain embodiments , 
this disclosure relates to a treatment of increased intraocular 
pressure wherein aqueous humor is permitted to flow out of 
an anterior chamber of the eye through a surgically 
implanted pathway . In certain embodiments , this disclosure 
also relates particularly to a treatment of ocular diseases 
with drug delivery devices affixed to the eye , such as to 
fibrous tissue within the eye . 
[ 0004 ] 2 . Description of the Related Art 
[ 0005 ] The mammalian eye is a specialized sensory organ 
capable of light reception and is able to receive visual 
images . The retina of the eye consists of photoreceptors that 
are sensitive to various levels of light , interneurons that relay 
signals from the photoreceptors to the retinal ganglion cells , 
which transmit the light - induced signals to the brain . The iris 
is an intraocular membrane that is involved in controlling 
the amount of light reaching the retina . The iris consists of 
two layers ( arranged from anterior to posterior ) , the pig 
mented fibrovascular tissue known as a stroma and pig 
mented epithelial cells . The stroma connects a sphincter 
muscle ( sphincter pupillae ) , which contracts the pupil , and a 
set of dilator muscles ( dilator pupillae ) which open it . The 
pigmented epithelial cells block light from passing through 
the iris and thereby restrict light passage to the pupil . 
[ 0006 ] Numerous pathologies can compromise or entirely 
eliminate an individual ' s ability to perceive visual images , 
including trauma to the eye , infection , degeneration , vascu 
lar irregularities , and inflammatory problems . The central 
portion of the retina is known as the macula . The macula , 
which is responsible for central vision , fine visualization and 
color differentiation , may be affected by age related macular 
degeneration ( wet or dry ) , diabetic macular edema , idio 
pathic choroidal neovascularization , or high myopia macular 
degeneration , among other pathologies . 
[ 0007 ] Other pathologies , such as abnormalities in 
intraocular pressure , can affect vision as well . Aqueous 
humor is a transparent liquid that fills at least the region 
between the cornea , at the front of the eye , and the lens and 
is responsible for producing a pressure within the ocular 
cavity . Normal intraocular pressure is maintained by drain 
age of aqueous humor from the anterior chamber by way of 
a trabecular meshwork which is located in an anterior 
chamber angle , lying between the iris and the cornea or by 
way of the “ uveoscleral outflow pathway . ” The “ uveoscleral 
outflow pathway ” is the space or passageway whereby 
aqueous exits the eye by passing through the ciliary muscle 
bundles located in the angle of the anterior chamber and into 
the tissue planes between the choroid and the sclera , which 

[ 0009 ] Several embodiments disclosed herein provide a 
drug delivery ocular implant comprising an outer shell 
having a proximal end , a distal end , the outer shell being 
shaped to define an interior lumen , at least a first active drug 
positioned within the interior lumen , a cap configured for 
reversible interaction with the proximal end of the outer 
shell , a membrane positioned between the cap and the 
proximal end of the outer shell , and a retention protrusion on 
the distal end of the outer shell that is configured to anchor 
the ocular implant at a target tissue site . 
[ 0010 ] In several embodiments , the cap comprises at least 
one aperture . In several embodiments a plurality of apertures 
are provided . The overall surface area of the one or more 
apertures can be selected in a particular embodiment , based 
on the desired rate of elution of the first active drug from the 
implant . 
[ 0011 ] In several embodiments , the placement of the cap 
over the proximal end of the outer shell enables the retention 
of the membrane between the cap and the proximal end of 
the outer shell . In some embodiments the cap is a press - fit 
cap , while other embodiments employ a crimp cap , screw 
cap or other type of cap . In several embodiments , the 
membrane is permeable to the at least a first active drug as 
well as to ocular fluid ( and / or the water component of ocular 
fluid ) . In several embodiments , the membrane ( once the cap 
is positioned ) occludes the at least one aperture , such that 
elution of the at least a first active drug occurs only through 
the membrane ( e . g . , the compression of the membrane by 
the cap also functions to seal the implant to other routes of 
unintended drug release ) . In several embodiments , selected 
combinations of the membrane and the dimensions ( e . g . , 
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surface area ) of the aperture ( s ) are tailored to a specifically 
desired elution rate of the first active agent . 
[ 0012 ] In several embodiments , the implant further com 
prises a distally - positioned seal limiting fluid communica 
tion between the interior lumen and an ocular space in which 
the implant is positioned to that occurring through the 
membrane . In several embodiments , such a seal provides an 
additional degree of control of the rate of drug elution . 
[ 0013 ] In several embodiments , the membrane has a thick 
ness of between about 50 and about 100 microns . In such 
embodiments , such a thickness results in drug elution from 
the implant for a period of time ranging from about 12 to 
about 24 months . In several embodiments , the membrane 
has a thickness of between about 90 and about 200 microns . 
In such embodiments , such a thickness results in drug 
elution from the implant for a period of time ranging from 
about 24 to about 48 months . 
[ 0014 ] In several embodiments , the outer shell further 
comprises at least one fluid inflow pathway and one fluid 
outflow pathway , and wherein the at least one fluid inflow 
pathway and one fluid outflow pathway are configured to 
deliver ocular fluid to a physiological outflow pathway . 
Thus , in several embodiments , the implant is configured not 
only to provide a pharmaceutical therapy , but also a physical 
therapy ( e . g . , drainage ) . In several embodiments , the physi 
ological outflow pathway is Schlemm ' s Canal . In several 
embodiments , the at least one first active drug comprises a 
prostaglandin , a prostaglandin analog , a prostaglandin 
inhibitor , and / or combinations thereof . Additionally , in sev 
eral embodiments , a second agent may optionally be pro 
vided . In several embodiments , the second ( or third , etc . ) 
agent results in synergistic effects when combined with the 
first agent . In other embodiments , the second agent reduces 
one or more side effects associated with the first agent . 
[ 0015 ] Additionally , there is provided , in several embodi 
ments , a drug delivery ocular implant comprising an elon 
gate outer shell having a proximal end , a distal end , the outer 
shell being shaped to define an interior lumen , at least a first 
active drug positioned within the interior lumen , at least one 
fluid flow pathway running from a proximal region of the 
outer shell to a more distal region of the outer shell , a valve 
positioned at the distal - most end of the outer shell , wherein 
the valve is reversibly openable to enable passage of the at 
least a first active drug from the interior lumen to a target site 
external to the implant . 
[ 0016 ] In several embodiments the at least one fluid flow 
pathway is configured to deliver ocular fluid to a physiologi 
cal outflow pathway ( e . g . , supplementing the pharmacologic 
effects of the active agent ) . In several embodiments , the first 
active drug comprises a plurality of drug pellets , and the 
implant comprises at least a second active agent . In several 
embodiments , the second active agent is housed within a 
polymer configured to polymerize and become solid or 
semi - solid at physiological temperature . 
[ 0017 ] In several embodiments , the second active agent is 
housed within a micelle or vesicular structure configured to 
release the second active agent at a known rate . In several 
embodiments , the second active agent is housed within a 
micelle or vesicular structure configured to release the 
second active agent at a known rate and wherein the micelle 
or vesicular structure is admixed with a polymer configured 
to polymerize and become solid or semi - solid at physiologi 
cal temperature . Thus , in several such embodiments , deliv - 
ery of the second agent to the ocular target tissue results in 

polymerization of the polymer upon exposure to the normal 
body temperatures of the intraocular environment , thus 
reducing migration of the second agent away from the target 
site ( thereby improving its therapeutic effects ) . 
[ 0018 ] . In several additional embodiments , there is pro 
vided a drug delivery ocular implant comprising an elongate 
outer shell having a proximal end , a distal end , the outer 
shell being shaped to define an interior lumen with at least 
a first active drug positioned within the interior lumen , 
wherein the outer shell comprises a first thickness and 
wherein the outer shell comprises one or more regions of 
drug release 
[ 00191 In several embodiments , the elongate shell is 
formed by extrusion . In several embodiments , the elongate 
shell comprises a biodegradable polymer . In several embodi 
ments , the outer shell is permeable or semi - permeable to the 
first active drug , thereby allowing at least about 5 % of total 
the elution of the first active drug to occur through the 
portions of the shell having the first thickness . 
10020 ] In several embodiments , the outer shell comprises 
polyurethane . In several embodiments , the polyurethane 
comprises a polysiloxane - containing polyurethane elasto 
mer . 
[ 0021 ] In several embodiments , the regions of drug release 
are configured to allow a different rate of drug elution as 
compared to the elution through the outer shell . In several 
embodiments , the overall rate of elution of the first active 
drug out of the implant is greater in the distal region of the 
implant . In several embodiments , there is a greater amount 
of the first active drug in the distal half of the implant as 
compared to the proximal half of the implant . In several 
other embodiments , the overall rate of elution of the first 
active drug out of the implant is greater in the proximal 
region of the implant . In several embodiments , there is a 
greater amount of the first active drug in the proximal half 
of the implant as compared to the distal half of the implant . 
In several such embodiments , the implant is thus configured 
to treat an anterior portion of the eye of a subject , while 
optionally providing ( depending on the embodiment ) drain 
age of ocular fluid to an outflow tract . 
[ 0022 ] In several embodiments , the one or more regions of 
drug release comprise one or more of regions of reduced 
thickness shell material , one or more orifices passing 
through the outer shell , or combinations thereof . In certain 
embodiments , the one or more regions of drug release 
comprise orifices and wherein the orifices are positioned 
along the long axis of the implant shell . 
[ 0023 ] In several embodiments , the implant additionally 
comprises one or more coatings that alter the rate of the first 
active agent elution from the implant . 
10024 ) In several embodiments , at least the distal - most 
about 5 mm to about 10 mm of the interior lumen houses the 
drug . 
10025 ] . In several embodiments , the elution of the first 
active drug from the implant continues for at least a period 
of at least one year . 
[ 0026 ] In several embodiments , the first active drug is 
present as one or more micro - tablets , wherein the micro 
tablets have a density of about 0 . 7 g / cc to about 1 . 6 g / cc , an 
aspect ratio of length to diameter of about 2 . 8 to 3 . 6 , and / or 
minor axis of about 0 . 28 to 0 . 31 mm and a major axis of 
about 0 . 8 to 1 . 1 mm . In several embodiments , the first active 
drug is present in an amount of at least 70 % by weight of a 
total weight of the one or more micro - tablets . In several 
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embodiments , the micro - tablets have a surface area to vol 
ume ratio of about 13 to 17 . In several embodiments , the 
micro - tablets have dimensions allowing passage of the 
micro - tablets through a conduit having an inner diameter of 
about 23 to 25 gauge . 
[ 0027 ] In several embodiments , the micro - tablets are 
formed by utilizing one or more of processes selected from 
the group consisting of tabletting , lyophilization , granula 
tion ( wet or dry ) , flaking , direct compression , molding , and 
extrusion . In several embodiments , the micro - tablets are 
configured to balance osmotic pressure between the interior 
lumen and the ocular environment external to an implant 
after implantation . In further embodiments , the micro - tab 
lets are optionally coated with a coating that regulates the 
release of the first active drug from the micro - tablet . In some 
embodiments , the coating is a polymeric coating . 
10028 ] In several embodiments , the first active drug is an 
anti - angiogenesis agent . In several embodiments , the first 
active drug is selected from the group consisting of angiosta 
tin , anecortave acetate , thrombospondin , VEGF receptor 
tyrosine kinase inhibitors and anti - vascular endothelial 
growth factor ( anti - VEGF ) drugs . In several embodiments , 
the anti - VEGF drugs are selected from the group consisting 
of ranibizumab , bevacizumab , pegaptanib , sunitinib and 
sorafenib . In several embodiments , the first active drug is 
bevacizumab . 
0029 . In several embodiments , the first active drug is a 

beta - adrenergic receptor antagonist . The beta - adrenergic 
receptor antagonist may be either a selective beta - adrenergic 
antagonist , or a non - selective beta - adrenergic receptor 
antagonist . In several embodiments , the selective beta 
adrenergic receptor antagonist is selected from the group 
consisting of betaxolol and levobetaxolol , and combinations 
thereof . In several embodiments the non - selective beta 
adrenergic antagonist is selected from the group consisting 
of timolol , levobunolol , certeolol , and metipranolol , and 
combinations thereof . In several embodiments , at least one 
active drug is used , and in some embodiments that at least 
one first active drug is timolol . 
[ 0030 ] In several embodiments , the implants as described 
herein optionally further comprise a lumen configured to 
transport ocular fluid from a first location in an eye to one 
or more other locations , thereby reducing intraocular pres 

[ 0033 ] In several embodiments , inserting the drug delivery 
ocular implant into eye tissue comprises placing at least a 
portion of the implant in a portion of the eye selected from 
the group consisting of uveoscleral outflow pathway , supra 
choroidal space , and Schlemm ’ s canal . 
[ 0034 ] There is also provided for a composition for the 
treatment of an ocular disorder , comprising a therapeutic 
agent having anti - vascular endothelial growth factor 
( VEGF ) effects , wherein the anti - VEGF agent is formed into 
at least one micro - tablet . In several embodiments , the anti 
VEGF agent is lyophilized prior to formation of the micro 
tablets . In some embodiments , the anti - VEGF agent com 
prises at least 70 % by weight of the total weight of each 
micro - tablet , and in some embodiments , each micro - tablet 
has a density of about 0 . 7 g / cc to about 1 . 6 g / cc . In 
additional embodiments , each of the micro - tablets has a 
minor axis of about 0 . 28 to 0 . 31 mm and a major axis of 
about 0 . 8 to 1 . 1 mm . In several embodiments , each of the 
micro - tablets has an aspect ratio of length to diameter of 
about 2 . 8 to 3 . 6 . 
[ 0035 ] In addition , there is provided a system for admin 
istering a therapeutic agent to an damaged or diseased eye , 
comprising an ocular implant delivery apparatus comprising 
a proximal end , a distal end , and a cannula having an inner 
diameter of about 23 to 25 gauge , an ocular implant com 
prising an elongate outer shell having a proximal end , a 
distal end , the outer shell being shaped to define an interior 
lumen suitable for receiving one or more micro - tablets and 
comprising at least a first thickness and comprising one or 
more regions of drug release , and a therapeutic agent formed 
in at least one micro - tablet , the agent having anti - vascular 
endothelial growth factor ( VEGF ) effects . In several 
embodiments , the anti - VEGF agent is lyophilized prior to 
formation of the micro - tablets . In some embodiments , the 
anti - VEGF agent comprises at least 70 % by weight of the 
total weight of each micro - tablet . In some embodiments , 
each micro - tablet has a density of about 0 . 7 g / cc to about 1 . 6 
g / cc . In additional embodiments , the micro - tablets have an 
aspect ratio of length to diameter of about 2 . 8 to 3 . 6 . 
[ 0036 ] There is additionally provided for herein methods 
for the intravitreal injection of an agent for the treatment of 
an ocular disorder , comprising advancing to the surface of 
the sclera of an eye a delivery apparatus comprising a 
proximal end , a distal end , and a cannula having an inner 
diameter of about 23 to 25 gauge and containing one or more 
micro - tablets comprising a therapeutic agent having anti 
vascular endothelial growth factor ( VEGF ) effects , an acti 
vator that functions to expel the contents of the cannula from 
the apparatus via passage through the proximal end , piercing 
the scleral surface to create a hole in the sclera , further 
advancing the delivery apparatus thru the hole such that the 
proximal end is within the vitreal cavity of the eye , activat 
ing the activator to expel the anti - VEGF micro - tablets ; and 
withdrawing the apparatus from the eye , thereby treating the 
disorder by the delivery of the anti - VEGF micro - tablets . 
[ 0037 ] In several embodiments , the micro - tablets have a 
minor axis of about 0 . 28 to 0 . 31 mm and a major axis of 
about 0 . 8 to 1 . 1 mm . In several embodiments , the micro 
tablets have a density of about 0 . 7 g / cc to about 1 . 6 g / cc . 
[ 0038 ] In several embodiments , the piercing of the sclera 
is performed using an apparatus having a sharpened proxi 
mal end . In several embodiments , the hole within the sclera 
is sufficiently small to be self - healing . 

sure . 

[ 0031 ] There is also provided herein methods for treating 
an ocular condition or disorder in an intraocular target tissue 
comprising making an opening in the temporal portion of an 
eye to access an anterior chamber of the eye , advancing a 
delivery device associated with a drug delivery ocular 
implant through the opening and across the anterior chamber 
of the eye , inserting the drug delivery ocular implant into 
eye tissue , positioning the implant such that at least one of 
the one or more regions of drug release are located proxi 
mate an intraocular target , and withdrawing the delivery 
device from the eye , wherein drug elutes from the implant 
in sufficient quantity to treat an ocular condition or disorder . 
In some embodiments , a therapeutic effect is achieved for a 
period of at least one year . 
10032 ] In several embodiments , the intraocular target is in 
the posterior chamber of the eye . In some embodiments , the 
intraocular target is selected from the group consisting of the 
macula , the retina , the optic nerve , the ciliary body , and the 
intraocular vasculature . In several other embodiments , the 
intraocular target is in the anterior chamber of the eye . 
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[ 0039 ] In accordance with several embodiments there is 
provided a drug delivery ocular implant comprising an 
elongate outer shell having a proximal end , and a distal end , 
said outer shell being shaped to define an interior lumen , and 
at least a first drug positioned within said interior lumen . In 
certain embodiments , the outer shell comprises a substan 
tially uniform first thickness , wherein said outer shell is 
permeable or semi - permeable to said drug , thereby allowing 
at least about 5 % of the total elution of the drug to occur 
through the portions of the shell having said first thickness , 
and wherein said outer shell comprises one or more regions 
of drug release . In some embodiments , the one or more 
regions of drug release comprise regions of greater or 
increased elution or permeability to the drug than the portion 
of the outer shell having the first thickness . Such regions of 
increased permeability may comprise one or more of the 
outer shell having a reduced thickness , one or more orifices , 
a different material than the remainder of the outer shell 
and / or other means to provide increased permeability or 
elution of the drug . In other embodiments , the entirety of the 
elution of the drug is through the outer shell , the entirety of 
which or one or more portions of which may be considered 
to be a region of drug release . 
[ 0040 ] In several embodiments , there is provided a drug 
delivery ocular implant comprising an elongate outer shell 
having a proximal end , a distal end , the outer shell being 
shaped to define an interior lumen , and at least a first drug 
positioned within the interior lumen . The outer shell pref 
erably has a substantially uniform first thickness that allows 
about 5 to 15 % of the total elution of the drug to occur 
through the shell having the first thickness . The outer shell 
may comprise one or more regions of drug release , wherein 
the regions of drug release are configured to allow different 
rates of drug elution as compared to each other . In some 
embodiments , the overall rate of elution of drug out of the 
implant is optionally differential along the length of the 
implant . 
[ 0041 ] In some embodiments , there are provided implants 
having regions of drug release that are configured or have 
one or more regions that allow a greater rate of drug elution 
as compared to the elution through other regions of the outer 
shell . In some embodiments , the regions of greater drug 
release comprise one or more of regions of reduced thick 
ness shell material , one or more orifices passing through the 
outer shell , or combinations thereof . In some embodiments , 
the outer shell optionally comprises silicone and / or may 
have one or more orifices passing through the outer shell . In 
such embodiments , the orifices may be positioned along the 
long axis of the implant shell or elsewhere . In other embodi 
ments , the outer shell optionally comprises siliconized ure 
thane and / or may comprise regions of reduced thickness , 
and may or may not have any orifices passing through the 
outer shell . 
[ 0042 ] In several embodiments disclosed herein , there is 
provided a drug delivery ocular implant comprising an outer 
shell having a proximal end , a distal end , and being shaped 
to define an interior lumen , the outer shell having a sub 
stantially uniform first thickness and having one or more 
regions of a second , reduced shell thickness as compared to 
the first thickness , and a drug positioned within the interior 
lumen , wherein the thickness of the outer shell is inversely 
proportional to the rate of drug elution through the shell . In 
some embodiments , the outer shell of the first thickness is 
substantially impermeable to the drug . Release of the drug 

from the interior lumen is controlled at least in part by the 
permeability of the outer shell to the drug , with regions of 
reduced shell thickness having a higher rate of release . 
[ 0043 ] Also provided is a drug delivery ocular implant 
comprising an outer shell having a proximal end , a distal 
end , and being shaped to define an interior lumen and having 
one or more partitions located within the interior lumen 
thereby creating two or more sub - lumens , a drug positioned 
within each sub - lumen . In some embodiments , at least a 
portion of the outer shell is substantially impermeable to the 
drug , and the outer shell also comprises one or more regions 
that are more permeable to the drug relative to the remainder 
of the outer shell , and wherein release of the drug from the 
interior lumen is controlled at least in part by the perme 
ability of the more permeable outer shell regions . 
[ 0044 ] In several embodiments there is also provided a 
drug delivery ocular implant comprising an outer shell 
having a proximal end , a distal end , and being shaped to 
define an interior lumen , a drug positioned within the 
interior lumen , wherein at least a portion of the outer shell 
is substantially impermeable to the drug , and the outer shell 
comprises one or more regions that are more permeable to 
the drug relative to the remainder of the outer shell . 
[ 0045 ] In several embodiments disclosed herein , there is 
provided a drug delivery ocular implant comprising an outer 
shell being shaped to define an interior lumen , a drug 
positioned within the interior lumen , wherein the outer shell 
is comprises a permeable material that is capable of con 
veying both a solvent and the drug through the outer shell , 
wherein release of the drug from the interior lumen is 
initiated by the exposure of the outer shell to a suitable 
solvent , such that the solvent is conveyed through the 
permeable material to contact the drug , wherein after contact 
the solvent contacts the drug , the drug is conveyed through 
the permeable material to the exterior of the outer shell , and 
wherein the conveyance of the drug is controlled at least in 
part by the permeability of the permeable material . The outer 
shell may also include one or more regions of substantially 
impermeable material . 
[ 0046 ] In several embodiments , there is provided a medi 
cal device for the delivery of a therapeutic agent to a patient , 
comprising an device dimensioned to be positioned at an 
area of a patient ' s body , a therapeutic agent positioned on or 
in at least a portion of the device , and wherein at least a 
portion of the device provides a physical effect useful toward 
mitigation of an unwanted side effect of the therapeutic 
agent . 
[ 0047 ] In several embodiments , there is provided a drug 
delivery ocular implant comprising an outer shell that has 
one or more orifices therein , the shell being shaped to define 
an interior lumen a drug positioned within the interior lumen 
one or more coatings positioned on the interior surface of the 
shell , the outer surface of the shell , and / or partially or fully 
enveloping the drug positioned within the interior lumen . 
Embodiments may further comprise one or more of the 
following optional features : the outer shell comprises a 
material substantially impermeable to ocular fluids , the outer 
shell is substantially impermeable to the drug , at least one of 
the coatings at least partially defines the release rate of the 
drug , and the implant is dimensioned such that the distal end 
of the implant is positioned in the suprachoroidal space and 
the proximal end of the implant is positioned fully within the 
eye . 
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[ 0048 ] In several embodiments , there is provided a drug 
delivery ocular implant comprising an outer shell that is 
optionally substantially impermeable to ocular fluids and has 
one or more orifices therein , the shell being shaped to define 
an interior lumen , a drug positioned within the interior 
lumen , one or more coatings positioned on the interior 
surface of the shell , the outer surface of the shell , and / or 
partially or fully enveloping the drug positioned within the 
interior lumen , and wherein the implant is dimensioned such 
that the drug is released to a desired intraocular target 
post - implantation . 
[ 0049 ] In several embodiments , there is provided a drug 
delivery ocular implant comprising a flexible material com 
pounded or coated with at least one drug , a flexible tether , 
wherein the flexible material may be rolled or folded to form 
a tube shape , wherein the tube shape is dimensioned to be 
placed within a delivery apparatus , wherein the delivery 
apparatus deploys the drug delivery ocular implant to an 
intraocular tissue , wherein the tube shape is released upon 
withdrawal of the delivery apparatus , thereby allowing the 
flexible material , which may be in the form of a sheet or disc , 
to return substantially to its original shape or configuration . 
[ 0050 ] In several embodiments , there is provided a drug 
delivery ocular implant comprising an outer shell shaped to 
define an interior lumen or space with one open end , a cap 
dimensioned to fit within or over the one open end and 
having one or more orifices therein , and a drug positioned 
within the interior lumen . One or more coatings are option 
ally positioned on the interior surface of the cap , the outer 
surface of the cap , and / or between layers of drug positioned 
within the interior lumen . 
[ 0051 ] Any embodiments disclosed herein may optionally 
further comprise a lumen , opening or shunt configured to 
transport ocular fluid from a first , undesired location , to one 
or more other locations , thereby reducing intraocular pres 
sure . 
[ 0052 ] The implants provided for herein optionally pro 
vide differential elution along the length of the implant and 
in some such embodiments , have a rate of elution that is 
greater at the distal portion of the implant as compared more 
proximal regions of the implant . In other embodiments , the 
implants have a rate of elution that is greater at the proximal 
portion of the implant as compared to more distal regions of 
the implant . Moreover , implants may optionally additionally 
comprise one or more coatings on the interior and / or exterior 
of the device and / or on the drug contained therein , that alter 
the rate of drug elution from the implant , the coatings 
optionally covering different portions of the implant . 
[ 0053 ] In several embodiments , the distal - most about 5 
mm to about 10 mm of the interior lumen houses the drug . 
In some embodiments , the outer shell has a length between 
about 10 mm and about 20 mm , an outer diameter between 
about 150 microns to about 500 microns , and an interior 
lumen diameter of about 75 microns to about 475 microns . 
10054 ] Some embodiments provided for herein result in 
elution of drug from the implant with zero - order or pseudo 
zero - order kinetics . 
[ 0055 ] Also provided for herein are methods for treating 
or preventing an ocular condition in an intraocular target 
tissue comprising making an incision in the cornea or limbus 
of an eye in an advantageous position ( e . g . , temporal , nasal , 
superior , inferior , and the like ) , advancing a delivery device 
associated with a drug delivery implant according to several 
of the embodiments disclosed herein through the cornea of 

the eye and across the anterior chamber of the eye , inserting 
at least a portion of the drug delivery implant into the 
suprachoroidal space of the eye , positioning the implant 
such that the one or more regions of drug release are located 
sufficiently near the intraocular target to allow substantially 
all of the drug released from the implant to reach the 
intraocular target , and withdrawing the delivery device from 
the eye . 
[ 0056 ] In some embodiments , the intraocular target is the 
posterior chamber of the eye , the anterior chamber of the 
eye , both the anterior chamber and posterior of the eye , or 
the macula , the retina , the optic nerve , the ciliary body , and 
the intraocular vasculature . 
[ 0057 ] In several embodiments , the drug acts on the 
intraocular target tissue to generate a therapeutic effect for 
an extended period . In one embodiment , the drug comprises 
a steroid . In such embodiments , the implant contains a total 
load of steroid ranging from about 10 to about 1000 micro 
grams , steroid is released from the implant at a rate ranging 
from about 0 . 05 to about 10 micrograms per day and / or the 
steroid acts on the diseased or damaged target tissue at a 
concentration ranging from about 1 to about 100 nanomolar . 
In some embodiments , the steroid additionally generates 
side effects associated with accumulation of physiologic 
fluid , and an optional shunt transports the accumulated fluid 
from the first location to the remote second location ( such as , 
for example , from the anterior chamber to an existing 
physiological outflow pathway , such as Schlemm ' s canal or 
the uveoscleral pathway ) . The optional shunt is also used in 
other embodiments , however , wherein side effects associ 
ated with the active drug do not include accumulation of 
fluid . For example , several embodiments relate to treatment 
of a region with a therapeutic drug in combination with 
drainage ( even in the absence of therapeutic drug - induced 
increases in ocular fluid production ) . 
10058 ] Various embodiments of the implants disclosed 
herein may comprise one or more of the following optional 
features : drug being placed near the distal end of the shell , 
drug being placed near the proximal end of the shell , one or 
more barriers placed within the interior lumen to limit 
anterior ( or , in some embodiments , posterior ) elution of the 
drug , and / or a barrier that comprises a one - way valve 
positioned to allow fluid passage through the implant in a 
proximal to distal direction . In some embodiments having 
one or more barriers placed within the interior lumen , the 
one or more barriers facilitate the simultaneous ( or sequen 
tial ) elution of one or more drugs to the anterior and / or 
posterior chamber for targeted effects . 
[ 0059 ] In some embodiments disclosed herein , there are 
provided coatings , preferably polymeric coatings , that are 
biodegradable . In some embodiments , two or more poly 
meric coatings are positioned on a surface of the outer shell 
and in some such embodiments , each coating has a unique 
rate of biodegradation in ocular fluid ( including being sub 
stantially non - biodegradable ) , covers a different portion of 
the shell including covering one or more optional orifices in 
the shell , and / or permits ocular fluid to contact the drug 
within the interior lumen by passing through an increasing 
number of patent orifices in the shell over time that are 
created by the degradation of the coating material . In some 
embodiments , the coatings are optionally placed on the outer 
surface of the shell , positioned between the drug and the 
interior surface of outer shell , and / or positioned to envelop 
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the drug within the interior lumen . The drug may be in the 
form of one or more pellets , beads , or tablets , oils , gels , 
emulsions , and the like . 
[ 0060 ] In several embodiments , biodegradation of the 
barriers or coatings is triggered by an externally originating 
stimulus , such as , for example , intraocular injection of a 
fluid that initiates biodegradation of the barrier , application 
of heat , ultrasound , and radio frequency , and the like . In 
some embodiments , the barriers and / or coatings degrade 
faster than the drug , while in other embodiments , the deg 
radation rate of the drug is faster , or in still other embodi 
ments , in which the rate of degradation is unique for each . 
[ 0061 ] Any of the embodiments disclosed herein option 
ally further comprise one or more anchor structures , one or 
more excipients compounded with the drug , one or more 
orifices or openings in the proximal portion of the device to 
allow drainage of ocular fluid from the anterior chamber of 
the eye , and / or one or more wicks passing through any outer 
shell of the implant . 
[ 0062 ] Several embodiments optionally comprise a reten 
tion protrusion configured to anchor the implant to an ocular 
tissue . Such retention protrusions optionally comprise one or 
more of ridges , claws , threads , flexible ribs , rivet - like 
shapes , flexible barbs , barbed tips , expanding material ( such 
as a hydrogel ) , and biocompatible adhesives . In some 
embodiments , the expanding material is placed on an exte 
rior surface of the outer shell of the implant and expands 
after contact with a solvent , such as , for example , intraocular 
fluid . 
[ 0063 ] Implants provided for herein are optionally 
anchored ( e . g . , any mechanism or element that allows an 
implant to become affixed to secured to or otherwise 
attached , either permanently or transiently , to a suitable 
target intraocular tissue ) to a intraocular tissue , such as 
ciliary muscles , the ciliary tendons , the ciliary fibrous band , 
the trabecular meshwork , the iris , the iris root , the lens 
cortex , the lens epithelium , to or within the lens capsule , the 
sclera , the scleral spur , the choroid , or to or within 
Schlemm ' s canal . In certain embodiments comprising an 
implant anchored within the lens capsule , such an implant is 
preferably implanted concurrently , or after , removal of the 
native lens ( e . g . , by cataract surgery ) . 
[ 0064 ] In some embodiments , the devices comprise one or 
more regions that are permeable to a drug or more permeable 
to a drug than other regions of a device . The increased 
permeability may be achieved by any means , including , but 
not limited to : use of thinner or decreased thickness of 
material that has some degree of permeability to the drug , 
whereby the decreased thickness increases the rate of dif 
fusion or transport of the drug ; orifices or holes wherein the 
orifices or holes may be of any suitable size or shape to allow 
egress of drug and / or ingress of ocular fluids ; use of a second 
material that has increased permeability of a drug ; use of a 
coating which enhances transport of a drug from the interior 
of a device to the exterior ; and any combination of the 
foregoing . 
[ 0065 ] Any of the implant embodiments described herein 
may also further comprise a lumen or passageway to allow 
drainage of ocular fluid from first location to a second 
location , such as , for example , from the anterior chamber of 
the eye to a physiological outflow pathway . 
[ 0066 ] In any of the embodiments disclosed herein , the 
drug preferably is released from the implant to act on a 
diseased or damaged target tissue to generate a therapeutic 

effect . In some embodiments , the drug additionally gener 
ates side effects associated with accumulation of physiologic 
fluid and in such embodiments the implant may further 
comprise a stent or passage to transport the accumulated 
fluid from the first location to the remote second location . 
[ 0067 ] According the disclosure herein , any of the 
implants described may comprise a shell of metal or poly 
meric material , which includes homopolymers , polymer 
blends and copolymers , such as random copolymers and 
block copolymers . In some embodiments , the polymeric 
material comprises ethyl vinyl acetate , polyethylene , Elast 
haneTM , silicone , polyurethane , polyethersulfone , and / or 
polyamide . In other embodiments , the polymeric material 
comprises poly ( carbonate urethane ) , poly ( ether urethane ) , 
silicone poly ( carbonate urethane ) , silicone poly ( ether ure 
thane ) , PurSilTM CarboSilTM , or BionateTM . 
[ 0068 ] In those embodiments having regions of reduced 
shell thickness , such regions may be created by any suitable 
means , including one or more of ablation , stretching , etch 
ing , grinding , and molding . The region may be in any pattern 
on or around the implant , including a spiral pattern , patches , 
rings and / or bands . 
[ 0069 ] Regions that are characterized by having an 
increased rate of drug delivery , be it by reduced shell 
thickness , orifices , permeable material or any other means or 
combination of means described herein may be present at or 
in any portion or combination of portions of the device . 
Preferably the regions are placed so as to direct the drug to 
tissues in the eye which are the target of treatment by the 
drug . In some embodiments , such regions ( or a single such 
region ) are preferably concentrated towards the distal end of 
an elongate device so as to target delivery of a drug to tissues 
in the distal portions of the posterior chamber of the eye . In 
some embodiments , such regions ( or a single such region ) 
are preferably concentrated towards the proximal end of an 
elongated device so as to target delivery of a drug to tissues 
in the anterior chamber of the eye . 
[ 0070 ] Implants as described herein may optionally be 
configured to interact with a recharging device in order to 
recharge the implant with an additional or supplementary 
dose of the drug . Such rechargeable implants , optionally 
comprise a reversible coupling between the proximal end of 
the implant and a clamping sleeve on the recharging device . 
In certain embodiments , the clamping sleeve houses flexible 
clamping grippers that create a secure coupling between the 
implant and the recharging device . The secure coupling 
optionally enables the recharging device to enable a flexible 
pusher or filling tube incorporated into the recharging device 
to be used to deliver a drug to a lumen of the implant . In 
several embodiments , the secure coupling between the 
implant and the recharging device enable a spring loaded 
flexible pusher tube incorporated into the recharging device 
to be used to deliver drug to a lumen of the implant . In some 
embodiments , there is a provided a one - way passage that 
allows deposition of a drug to the lumen of the implant , but 
prevents the drug from escaping the lumen through the 
passage after the removal of the recharging device . 
[ 0071 ] In some embodiments , implants are provided that 
further comprise at least one partition within the interior 
lumen , thereby creating at least two sub - lumens . In some 
embodiments having two or more sub - lumens , each sub 
lumen optionally houses a different drug or a different 
concentration of the same drug as compared to the other 
sub - lumens , optionally releases a drug to a different portion 
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of the eye . In some embodiments where the implant houses 
multiple drugs one drug is therapeutically effective against 
an ocular disorder and another drug ameliorates a side effect 
of administration of the first drug . 
[ 0072 ] In addition to sub - lumens , several embodiments 
are provided for in which implants further comprise : distal 
regions of the shell that are more permeable to the drugs as 
compared to more proximal regions ; proximal regions of the 
shell that are more permeable to the drugs as compared to 
more distal regions ; have partitions that are positioned 
perpendicular to a long axis of the outer shell ; have parti 
tions that are semi - permeable to a drug positioned within the 
sub - lumens ; wherein drug release from the sub - lumens 
occurs first from the distal - most sub - lumen and last from the 
proximal - most sub - lumen ; and / or wherein drug release from 
the sub - lumens occurs first from the proximal - most sub 
lumen and last from the distal - most sub - lumen . 
[ 0073 ] In some such embodiments , the partitions are 
optionally varied in permeability to the drugs within the 
sub - lumens such that the overall elution profile includes 
periods of time where drug release is reduced or eliminated . 
[ 0074 ] Any of the embodiments disclosed herein compris 
ing a lumen , pathway or shunt in addition to drug elution in 
an implant may optionally drain fluid to any existing physi 
ological outflow pathway , including the suprachoroidal 
space , the trabecular meshwork , or Schlemm ' s canal , and 
may optionally target drug delivery to the anterior chamber 
of the eye , the posterior chamber of the eye , both the anterior 
chamber and posterior of the eye , and / or specifically target 
the macula , the retina , the optic nerve , the ciliary body , 
and / or the intraocular vasculature . 
[ 0075 ] In several such embodiments , the implant com 
prises a substantially straight , rigid , generally cylindrical 
shell or body . In several embodiments , the implant , when 
implanted , extends into the anterior chamber at its proximal 
end into the suprachoroidal space at its distal end . For 
example , the body may be of a length no greater than 7 mm , 
preferably not greater than about 5 mm , and more preferably 
not greater than about 4 mm and not shorter than about 2 
mm . In several embodiments , the body has a tip that narrows 
toward a distal end of the implant . In additional embodi 
ments , the body comprises a substantially flexible , generally 
cylindrical shell or body , that may be of length approxi 
mately 25 mm , including about 15 to about 18 mm , about 18 
to about 21 mm , about 21 to about 23 mm , about 23 to about 
25 mm , about 25 mm to about 27 mm , about 27 to about 30 
mm , and overlapping ranges thereof . 
[ 0076 ] . In several embodiments , at least one opening 
located in or near the proximal end of the implant commu 
nicates with at least one interior lumen . The proximal 
opening can be located in the proximal end of the implant 
and can be substantially perpendicular to a longitudinal axis 
of the implant . In several embodiments , a first active drug is 
positioned within the interior lumen . When implanted , the 
drug can elute into the anterior chamber of the eye of a 
subject via the proximal opening . Control of drug elution 
into the anterior chamber is achieved , depending on the 
embodiment , for example , by locating a membrane having a 
known permeability to the drug over or around the proximal 
opening . In several embodiments , the membrane is also 
permeable to aqueous humor or the water component of 
aqueous humor ( e . g . , the membrane allows two - way flow , 
aqueous humor or the water component of aqueous humor 
into the device , and drug out of the device ) . 

[ 0077 ] In embodiments comprising a shunt , the interior 
lumen terminates at one or more openings located in or near 
the distal end of the implant . In such embodiments , aqueous 
humor from the anterior chamber drains through the proxi 
mal opening , into the implant , and out of the distal opening 
into the suprachoroidal space to reduce the intraocular 
pressure of the anterior chamber of the eye . 
[ 0078 ] Any of the embodiments disclosed herein may 
deliver a drug and / or provide a therapeutic effect for several 
days , one to two months , at least six months , at least a year , 
at least two years , at least three years , at least four years , 
and / or at least five years . 
[ 0079 ] Any of the embodiments disclosed herein may be 
configured to target a diseased or damaged target tissue that 
is characterized by a limited ability to swell without loss or 
impairment of physiological function . 
10080 ] In several embodiments , there is provided a 
method of treating or preventing an ocular condition com 
prising : making an incision in the eye , inserting at least a 
portion of a drug delivery implant according to several 
embodiments disclosed herein into the suprachoroidal space 
of the eye , and withdrawing the delivery device from the 
eye . 
[ 0081 ] In some embodiments , the implants are positioned 
such that the regions of the implant from which drug is 
released are located sufficiently near an intraocular target to 
allow substantially all of the drug released from the implant 
to reach the intraocular target 
[ 0082 ] In several embodiments , the methods disclosed 
herein optionally comprise one or more of making an 
incision in the cornea or limbus of the eye in an advanta 
geous position ( e . g . , temporal , nasal , superior , inferior , and 
the like ) , advancing the delivery device through the cornea 
of the eye and to the site of implantation . 
[ 0083 ] In several embodiments there is provided a method 
for delivering an ocular implant comprising a stent accord 
ing to several embodiments disclosed herein that simulta 
neously treats an ocular condition and limits treatment 
associated side - effects , particularly those associated with 
increased fluid accumulation in the eye and / or increased 
intraocular pressure . In several embodiments , an ocular 
implant having shunt works in conjunction with elution of a 
first drug from the ocular implant to lower intraocular 
pressure by providing a patent outflow pathway through 
which aqueous humor can drain . 
[ 0084 ] Other embodiments optionally comprise placing a 
peripheral iridotomy adjacent to the implanted drug delivery 
device and optionally maintaining the peripheral iridotomy 
as patent with a stent . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10085 ] These and other features , aspects , and advantages 
of the present disclosure will now be described with refer 
ence to the drawings of embodiments , which embodiments 
are intended to illustrate and not to limit the disclosure . One 
of ordinary skill in the art would readily appreciated that the 
features depicted in the illustrative embodiments are capable 
of combination in manners that are not explicitly depicted , 
but are both envisioned and disclosed herein . 
[ 0086 ] FIG . 1 illustrates a schematic cross sectional view 
of an eye . 
[ 0087 ] FIG . 2 illustrates a drug delivery device in accor 
dance with embodiments disclosed herein . 
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[ 0088 ] FIGS . 3A and 3B illustrate drug delivery devices in 
accordance with embodiments disclosed herein . 
[ 0089 ] FIG . 4 illustrates a drug delivery device in accor 
dance with embodiments disclosed herein . 
10090 ) FIG . 5 illustrates a drug delivery device in accor 
dance with embodiments disclosed herein 
[ 0091 ] FIGS . 6A - 61 illustrate various aspects of a drug 
delivery device in accordance with embodiments disclosed 
herein . 
10092 ] FIG . 7 illustrates a cross sectional view of drug 
delivery implant in accordance with embodiments disclosed 
herein . 
[ 0093 ] FIG . 8 illustrates the distal portion of a drug 
delivery implant in accordance with embodiments disclosed 
herein . 
[ 0094 ] FIG . 9 illustrates the distal portion of another drug 
delivery implant in accordance with embodiments disclosed 
herein . 
10095 ] FIGS . 10A - 10G illustrate other drug delivery 
implants in accordance with embodiments disclosed herein . 
[ 0096 ] FIGS . 11A - 11B illustrate various embodiments of 
implants as disclosed herein that house one or more drug 
containing pellets within the implant . 
[ 0097 ] FIG . 12A illustrates another drug delivery implant 
incorporating a shunt in accordance with embodiments 
disclosed herein . 
[ 0098 ] FIG . 12B illustrates a further drug delivery implant 
incorporating a shunt in accordance with embodiments 
disclosed herein . 
[ 0099 ] FIG . 12C illustrates a cross - sectional view of an 
embodiment of retention features disposed on a drug deliv 
ery implant in accordance with embodiments disclosed 
herein . 
[ 0100 ] FIGS . 13A - 13C illustrate drug delivery implants in 
accordance with embodiments disclosed herein . 
[ 0101 ] FIG . 14 illustrates a drug delivery implant in accor 
dance with embodiments disclosed herein . 
0102 FIG . 15 illustrates an illustrative embodiment of a 
drug delivery implant and retention protrusion . 
[ 0103 ] FIG . 16 illustrates an embodiment of a drug deliv 
ery implant in accordance with embodiments disclosed 
herein . 
10104 ] FIG . 17 illustrates another embodiment of a drug 
delivery implant in accordance with embodiments disclosed 
herein . 
[ 0105 ] FIGS . 18A - 18U illustrate various drug delivery 
devices in accordance with embodiments disclosed herein . 
[ 0106 ] FIGS . 19A - 19Y illustrate various anchor elements 
used in several embodiments disclosed herein . 
[ 0107 ] FIGS . 20A - 20C illustrate a rechargeable drug 
delivery device in accordance with embodiments disclosed 
herein . 
[ 0108 ] FIGS . 20D and 20E depict various features of 
elongate delivery devices in accordance with several 
embodiments disclosed herein . 
[ 0109 ] FIG . 20F illustrates one embodiment of a delivery 
device in accordance with embodiments disclosed herein . 
[ 0110 ) FIGS . 20G - 201 illustrate various implantation con 
figurations of drug delivery devices in accordance with 
embodiments disclosed herein . 
[ 0111 ] FIG . 20J illustrates an additional feature of the 
distal portion of certain drug delivery devices in accordance 
with embodiments disclosed herein . 

0112 ] FIG . 21 illustrates an apparatus for implanting a 
drug delivery device in accordance with embodiments dis 
closed herein . 
[ 0113 ] FIG . 22 illustrates another apparatus for implanting 
a drug delivery device in accordance with embodiments 
disclosed herein . 
[ 0114 ] FIG . 23 illustrates a schematic cross - sectional view 
of an eye with a delivery device containing an implant being 
advanced across the anterior chamber . The size of the 
implant is exaggerated for illustration purposes . 
[ 0115 ] FIG . 24 illustrates an additional implantation pro 
cedure according to several embodiments disclosed herein . 
The size of the implant is exaggerated for illustration 
purposes . 
[ 0116 ] FIG . 25 illustrates a schematic cross - sectional view 
of an eye with a delivery device being advanced adjacent the 
anterior chamber angle . The size of the implant is exagger 
ated for illustration purposes . 
[ 0117 ] . FIG . 26 illustrates a schematic cross - section view 
of an eye with a delivery device implanting an implant that 
extends from the anterior chamber through the suprachor 
oidal space and terminates in close proximity to the macula . 
[ 0118 ] FIGS . 27A - 27D illustrate a cross - sectional view an 
eye during the steps of one embodiment of a method for 
implanting drug delivery devices as disclosed herein . 
[ 0119 ] FIG . 28 illustrates a schematic cross - sectional view 
of an eye with a delivery device being advanced across the 
eye targeting the iris adjacent to the anterior chamber angle . 
The size of the shunt is exaggerated for illustration purposes . 
( 0120 ] FIG . 29 illustrates a schematic cross - sectional view 
of an eye with another embodiment of a delivery device 
targeting the iris adjacent to the anterior chamber angle . The 
size of the shunt is exaggerated for illustration purposes . 
[ 0121 ] FIG . 30 illustrates a schematic cross - section view 
of an eye with an implant anchored to the iris . 
[ 0122 ] FIG . 31 illustrates a schematic cross - section view 
of an eye with an implant implanted in the anterior chamber 
angle . 

DETAILED DESCRIPTION 
[ 0123 ] Achieving local ocular administration of a drug 
may require direct injection or application , but could also 
include the use of a drug eluting implant , a portion of which , 
could be positioned in close proximity to the target site of 
action within the eye or within the chamber of the eye where 
the target site is located ( e . g . , anterior chamber , posterior 
chamber , or both simultaneously ) . Use of a drug eluting 
implant could also allow the targeted delivery of a drug to 
a specific ocular tissue , such as , for example , the macula , the 
retina , the ciliary body , the optic nerve , or the vascular 
supply to certain regions of the eye . Use of a drug eluting 
implant could also provide the opportunity to administer a 
controlled amount of drug for a desired amount of time , 
depending on the pathology . For instance , some pathologies 
may require drugs to be released at a constant rate for just 
a few days , others may require drug release at a constant rate 
for up to several months , still others may need periodic or 
varied release rates over time , and even others may require 
periods of no release ( e . g . , a " drug holiday ” ) . Further , 
implants may serve additional functions once the delivery of 
the drug is complete . Implants may maintain the patency of 
a fluid flow passageway within an ocular cavity , they may 
function as a reservoir for future administration of the same 
or a different therapeutic agent , or may also function to 
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region of drug release . In yet another embodiment , portions 
of the outer shell that surround where the drug is placed in 
the interior lumen or void of the device may be considered 
a region of drug release . For example , if the drug is loaded 
toward the distal end or in the distal portion of the device 
( e . g . the distal half or distal 2 / 3 of the device ) , the distal 
portion of the device will be a region of drug release as the 
drug will likely elute preferentially through those portions of 
the outer shell that are proximate to the drug . Therefore , as 
used herein , the term “ region of drug release ” shall be given 
its ordinary meaning and shall include the embodiments 
disclosed in this paragraph , including a region of drug 
permeability or increased drug permeability based on the 
characteristics of a material and / or the thickness of the 
material , one or more orifices or other passageways through 
the implant ( also as described below ) , regions of the device 
proximate to the drug and / or any of these features in 
conjunction with one or more added layers of material that 
are used to control release of the drug from the implant . 
Depending on the context , these terms and phrases may be 
used interchangeably or explicitly throughout the present 
disclosure . 

maintain the patency of a fluid flow pathway or passageway 
from a first location to a second location , e . g . function as a 
stent . Conversely , should a drug be required only acutely , an 
implant may also be made completely biodegradable . 
[ 0124 ] Implants according to the embodiments disclosed 
herein preferably do not require an osmotic or ionic gradient 
to release the drug ( s ) , are implanted with a device that 
minimizes trauma to the healthy tissues of the eye which 
thereby reduces ocular morbidity , and / or may be used to 
deliver one or more drugs in a targeted and controlled 
release fashion to treat multiple ocular pathologies or a 
single pathology and its symptoms . However , in certain 
embodiments , an osmotic or ionic gradient is used to initiate , 
control ( in whole or in part ) , or adjust the release of a drug 
( or drugs ) from an implant . In some embodiments , osmotic 
pressure is balanced between the interior portion ( s ) of the 
implant and the ocular fluid , resulting in no appreciable 
gradient ( either osmotic or ionic ) . In such embodiments , 
variable amounts of solute are added to the drug within the 
device in order to balance the pressures . 
[ 0125 ] As used herein , “ drug ” refers generally to one or 
more drugs that may be administered alone , in combination 
and / or compounded with one or more pharmaceutically 
acceptable excipients ( e . g . binders , disintegrants , fillers , 
diluents , lubricants , drug release control polymers or other 
agents , etc . ) , auxiliary agents or compounds as may be 
housed within the implants as described herein . The term 
“ drug ” is a broad term that may be used interchangeably 
with “ therapeutic agent ” and “ pharmaceutical ” or “ pharma 
cological agent " and includes not only so - called small 
molecule drugs , but also macromolecular drugs , and bio 
logics , including but not limited to proteins , nucleic acids , 
antibodies and the like , regardless of whether such drug is 
natural , synthetic , or recombinant . Drug may refer to the 
drug alone or in combination with the excipients described 
above . “ Drug ” may also refer to an active drug itself or a 
prodrug or salt of an active drug . 
[ 0126 ] As used herein , “ patient ” shall be given its ordinary 
meaning and shall also refer to mammals generally . The 
term “ mammal ” , in turn , includes , but is not limited to , 
humans , dogs , cats , rabbits , rodents , swine , ovine , and 
primates , among others . Additionally , throughout the speci 
fication ranges of values are given along with lists of values 
for a particular parameter . In these instances , it should be 
noted that such disclosure includes not only the values listed , 
but also ranges of values that include whole and fractional 
values between any two of the listed values . 
[ 0127 ] In several embodiments , a biocompatible drug 
delivery ocular implant is provided that comprises an outer 
shell that is shaped to define at least one interior lumen that 
houses a drug for release into an ocular space . The outer 
shell is polymeric in some embodiments , and in certain 
embodiments is substantially uniform in thickness , with the 
exception of areas of reduced thickness , through which the 
drug more readily passes from the interior lumen to the 
target tissue . In other words , a region of drug release may be 
created by virtue of the reduced thickness . In several other 
embodiments the shell of the implant comprises one or more 
regions of increased drug permeability ( e . g . , based on the 
differential characteristics of portions of the shell such as 
materials , orifices , etc . ) , thereby creating defined regions 
from which the drug is preferentially released . In other 
embodiments , if the material of the outer shell is substan 
tially permeable to a drug , the entire outer shell can be a 

[ 0128 ] In some embodiments , the outer shell comprises 
one or more orifices to allow ocular fluid to contact the drug 
within the lumen ( or lumens ) of the implant and result in 
drug release . In some embodiments , as discussed in more 
detail below , a layer or layers of a permeable or semi 
permeable material is used to cover the implant ( wholly or 
partially ) and the orifice ( s ) ( wholly or partially ) , thereby 
allowing control of the rate of drug release from the implant . 
Additionally , in some embodiments , combinations of one or 
more orifices , a layer or layers covering the one or more 
orifices , and areas of reduced thicknesses are used to tailor 
the rate of drug release from the implant . 
[ 0129 ] In still other embodiments , combinations of mate 
rials may be used to construct the implant ( e . g . , polymeric 
portions of outer shell bonded or otherwise connected , 
coupled , or attached to outer shell comprising a different 
material ) . 
10130 ] In still other embodiments , the drug to be delivered 
is not contained within an outer shell . In several embodi 
ments , the drug is formulated as a compressed pellet ( or 
other form ) that is exposed to the environment in which the 
implant is deployed . For example , a compressed pellet of 
drug is coupled to an implant body which is then inserted 
into an ocular space ( see e . g . , FIG . 19T ) . In some embodi 
ments , the implant body comprises a fluid flow pathway . In 
some embodiments , the implant optionally comprises a 
retention feature . In some embodiments , the drug is encap 
sulated , coated , or otherwise covered with a biodegradable 
coating , such that the timing of initial release of the drug is 
controlled by the rate of biodegradation of the coating . In 
some embodiments , such implants are advantageous 
because they allow a variable amount of drug to be intro 
duced ( e . g . , not constrained by dimensions of an implant 
shell ) depending on the type and duration of therapy to be 
administered . In some embodiments having a shunt feature 
the shunt feature works in conjunction with the drug to treat 
one or more symptoms of the disease or condition affecting 
the patient . For example , in some embodiments , the shunt 
removes fluid from the anterior chamber while the drug 
simultaneously reduces the production of ocular fluid . In 
other embodiments , as discussed herein , the shunt counter 
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acts one or more side effects of administration of a particular 
drug ( e . g . , the shunt drains ocular fluid that was produced by 
the actions of the drug ) . 
0131 ] In some embodiments , biocompatible drug deliv 
ery implants comprise a flexible sheet or disc flexibly 
optionally associated with ( e . g . , tethered to ) a retention 
protrusion ( e . g . , an anchoring element , gripper , claw , or 
other mechanism to permanently or transiently affix the 
sheet or disc to an intraocular tissue ) . In certain of such 
embodiments , the therapeutic agent is compounded with the 
sheet or disc and / or coated onto the sheet or disc . In some 
embodiments , the flexible sheet or disc implants are dimen 
sioned such that they may be rolled or folded to be posi 
tioned within the lumen of a delivery instrument , for 
example a small diameter hollow needle . 
101321 Following implantation at the desired site within 
the eye , drug is released from the implant in a targeted and 
controlled fashion , based on the design of the various 
aspects of the implant , preferably for an extended period of 
time . The implant and associated methods disclosed herein 
may be used in the treatment of pathologies requiring drug 
administration to the posterior chamber of the eye , the 
anterior chamber of the eye , or to specific tissues within the 
eye , such as the macula , the ciliary body or other ocular 
target tissues . 
[ 0133 ] FIG . 1 illustrates the anatomy of an eye , which 
includes the sclera 11 , which joins the cornea 12 at the 
limbus 21 , the iris 13 and the anterior chamber 20 between 
the iris 13 and the cornea 12 . The eye also includes the lens 
26 disposed behind the iris 13 , the ciliary body 16 and 
Schlemm ' s canal 22 . The eye also includes a uveoscleral 
outflow pathway , which functions to remove a portion of 
fluid from the anterior chamber , and a suprachoroidal space 
positioned between the choroid 28 and the sclera 11 . The eye 
also includes the posterior region 30 of the eye which 
includes the macula 32 . 

described herein may target one or more of these regions , 
and may also optionally be combined with a shunt feature 
( described below ) . 
[ 0135 ] In several embodiments , the implant comprises an 
outer shell . In some embodiments , the outer shell is tubular 
and / or elongate , while in other embodiments , other shapes 
( e . g . , round , oval , cylindrical , etc . ) are used . In certain 
embodiments , the outer shell is not biodegradable , while in 
others , the shell is optionally biodegradable . In several 
embodiments , the shell is formed to have at least a first 
interior lumen . In certain embodiments , the first interior 
lumen is positioned at or near the distal end of the device . 
In other embodiments , a lumen may run the entire length of 
the outer shell . In some embodiments , the lumen is subdi 
vided . In certain embodiments , the first interior lumen is 
positioned at or near the proximal end of the device . In those 
embodiments additionally functioning as a shunt , the shell 
may have one or more additional lumens within the portion 
of the device functioning as a shunt . 
[ 0136 ] In several embodiments , the drug ( or drugs ) is 
positioned within the interior lumen ( or lumens ) of the 
implant shell . In several embodiments , the drug is prefer 
entially positioned within the more distal portion of the 
lumen . In some embodiments , the distal - most 15 mm of the 
implant lumen ( or lumens ) house the drug ( or drugs ) to be 
released . In some embodiments , the distal - most 10 mm , 
including 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , and 9 mm of the interior 
lumen ( s ) house the drug to be released . In several embodi 
ments , the drug is preferentially positioned within the more 
proximal portion of the lumen . 
[ 0137 ] In some embodiments , the drug diffuses through 
the shell and into the intraocular environment . In several 
embodiments , the outer shell material is permeable or semi 
permeable to the drug ( or drugs ) positioned within the 
interior lumen , and therefore , at least some portion of the 
total elution of the drug occurs through the shell itself , in 
addition to that occurring through any regions of increased 
permeability , reduced thickness , orifices etc . In some 
embodiments , about 1 % to about 50 % of the elution of the 
drug occurs through the shell itself . In some embodiments , 
about 10 % to about 40 % , or about 20 % to about 30 % of the 
elution of the drug occurs through the shell itself . In some 
embodiments , about 5 % to about 15 % , about 10 % to about 
25 % , about 15 % to about 30 % , about 20 % to about 35 % , 
about 25 % to about 40 % , about 30 % to about 45 % , or about 
35 % to about 50 % of the elution of the drug occurs through 
the shell itself . In certain embodiments , about 1 % to 15 % , 
including , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , and 14 % of 
the total elution of the drug ( or drugs ) occurs through the 
shell . The term “ permeable ” and related terms ( e . g . " imper 
meable ” or “ semi permeable " ) are used herein to refer to a 
material being permeable to some degree ( or not permeable ) 
to one or more drugs or therapeutic agents and / or ocular 
fluids . The term “ impermeable ” does not necessarily mean 
that there is no elution or transmission of a drug through a 
material , instead such elution or other transmission is neg 
ligible or very slight , e . g . less than about 3 % of the total 
amount , including less than about 2 % and less than about 
1 % . 
[ 0138 ] In some embodiments , the implant shell has one or 
more regions of increased drug permeability through which 
the drug is released to the target ocular tissue in a controlled 
fashion . 

General 
[ 0134 ] In some embodiments functioning as a drug deliv 
ery device alone , the implant is configured to deliver one or 
more drugs to anterior region of the eye in a controlled 
fashion while in other embodiments the implant is config 
ured to deliver one or more drugs to the posterior region of 
the eye in a controlled fashion . In still other embodiments , 
the implant is configured to simultaneously deliver drugs to 
both the anterior and posterior region of the eye in a 
controlled fashion . In yet other embodiments , the configu 
ration of the implant is such that drug is released in a 
targeted fashion to a particular intraocular tissue , for 
example , the macula or the ciliary body . In certain embodi 
ments , the implant delivers drug to the ciliary processes 
and / or the posterior chamber . In certain other embodiments , 
the implant delivers drug to one or more of the ciliary 
muscles and / or tendons ( or the fibrous band ) . In some 
embodiments , implants deliver drug to one or more of 
Schlemm ' s canal , the trabecular meshwork , the episcleral 
veins , the lens cortex , the lens epithelium , the lens capsule , 
the sclera , the scleral spur , the choroid , the suprachoroidal 
space , retinal arteries and veins , the optic disc , the central 
retinal vein , the optic nerve , the macula , the fovea , and / or 
the retina . In still other embodiments , the delivery of drug 
from the implant is directed to an ocular chamber generally . 
It will be appreciated that each of the embodiments 
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[ 0139 ] In some embodiments , the drug or drugs are posi 
tioned within the interior lumen or lumens of an implant 
wherein the implant shell comprises one or more orifices to 
allow ocular fluid to contact the agent or agents and result in 
drug release . In some embodiments , the implant comprises 
a polymeric coating on the exterior surface of a shell . In 
other embodiments , the implant comprises a polymeric 
coating on the interior surface of a shell . In still other 
embodiments , polymeric coatings are on both the interior 
and exterior surfaces . In yet other embodiments , the poly 
meric coatings are biodegradable . Some embodiments com 
prise a non - polymeric coating ( e . g . heparin ) in place of , or 
in addition to the polymeric coatings . Additionally , in some 
embodiments , combinations of one or more orifices , a layer 
or layers covering the one or more orifices , and areas of 
reduced thicknesses are used to tailor the rate of drug release 
from the implant . 
[ 0140 ] In some embodiments , the interior lumen contain 
ing the drug ( s ) are separated from the proximal portion of 
the implant by way of an proximal barrier within the interior 
lumen that prevents elution of the drug to the anterior 
portion of the eye . In some embodiments , the interior 
lumen ( s ) containing the drug ( s ) are separated from the 
proximal portion of the implant by way of a one way valve 
within the interior lumen that prevents elution of the drug to 
the anterior portion of the eye , but allows ocular fluid from 
the anterior portion of the eye to reach the interior lumen ( s ) 
containing the drug ( s ) . 
[ 0141 ] In some embodiments , the implant further com 
prises a proximal portion structured for recharging / refilling 
the implant with the same , or an additional therapeutic drug , 
multiple drugs , or adjuvant compound , or compounds . 
0142 ] In some embodiments comprising a shunt , the 
shunt portion , following implantation at an implantation 
site , drains fluid from an ocular chamber into a physiologic 
outflow space to reduce intraocular pressure . In some 
embodiments , the implant is dimensioned such that when 
either the proximal or distal end of the implant is at an 
implantation site near a tissue targeted for drug delivery , the 
outflow ports of the implant will drain ocular fluid to a 
remote region and / or a physiological outflow pathway . 
10143 ] . For example , in some embodiments , the implant is 
dimensioned such that , following implantation , the distal 
end of the implant is located sufficiently close to the macula 
that the drug delivered by the implant reaches the macula . In 
some embodiments incorporating a shunt feature , the 
implant is dimensioned such that when the distal end of the 
implant is positioned sufficiently near the macula , the proxi 
mal end of the implant extends into the anterior chamber of 
the eye . In those embodiments , outflow ports in the implant , 
described in more detail below , are positioned such that the 
aqueous humor will be drained into the uveoscleral outflow 
pathway or other physiological outflow pathway . 
[ 0144 ] In still other embodiments , combination drug 
delivery - shunt implants may be positioned in any physi 
ological location that necessitates simultaneous drug deliv 
ery and transport of fluid from a first physiologic site to a 
second site ( which may be physiologic or external to a 
patient ) . In some embodiments , the shunt feature works in 
conjunction with the drug delivery function to potentiate the 
therapeutic effects of the delivered agent . In other embodi - 
ments , the therapeutic effects of the delivered agent may be 
associated with unwanted side effects , such as fluid accu - 
mulation or swelling . In some embodiments , the shunt 

feature functions ameliorate the side effects of the delivered 
agent . It shall be appreciated that the dimensions and fea 
tures of the implants disclosed herein may be tailored to 
attain targeted and / or controlled delivery to various regions 
of the eye while still allowing communication with a physi 
ological outflow pathway . 
[ 0145 ] For example , in some embodiments , the implant is 
dimensioned such that following implantation the distal end 
of the implant is located in the suprachoroidal space and the 
proximal end of the implant is located in the anterior 
chamber of the eye . In several embodiments , the drug eluted 
from the implant elutes from the proximal end of the implant 
into the anterior chamber . In some embodiments incorpo 
rating a shunt feature , one or more outflow ports in the 
implant are positioned such that aqueous humor will drain 
into the uveoscleral pathway . In several embodiments , aque 
ous humor will drain from the anterior chamber to the 
suprachoroidal space . 
[ 0146 ] The delivery instruments , described in more detail 
below , may be used to facilitate delivery and / or implantation 
of the drug delivery implant to the desired location of the 
eye . The delivery instrument may be used to place the 
implant into a desired position , such as the inferior portion 
of the iris , the suprachoroidal space near the macula , in a 
position extending from the anterior chamber to the supra 
choroidal space , or other intraocular region , by application 
of a continual implantation force , by tapping the implant into 
place using a distal portion of the delivery instrument , or by 
a combination of these methods . The design of the delivery 
instruments may take into account , for example , the angle of 
implantation and the location of the implant relative to an 
incision . For example , in some embodiments , the delivery 
instrument may have a fixed geometry , be shape - set , or 
actuated . In some embodiments , the delivery instrument 
may have adjunctive or ancillary functions , such as for 
example , injection of dye and / or viscoelastic fluid , dissec 
tion , or use as a guidewire . As used herein , the term 
“ incision ” shall be given its ordinary meaning and may also 
refer to a cut , opening , slit , notch , puncture or the like . 
10147 ] In certain embodiments the drug delivery implant 
may contain one or more drugs which may or may not be 
compounded with a bioerodible polymer or a bioerodible 
polymer and at least one additional agent . In still other 
embodiments , the drug delivery implant is used to sequen 
tially deliver multiple drugs . Additionally , certain embodi 
ments are constructed using different outer shell materials , 
and / or materials of varied permeability to generate a tailored 
drug elution profile . Certain embodiments are constructed 
using different numbers , dimensions and / or locations of 
orifices in the implant shell to generate a tailored drug 
elution profile . Certain embodiments are constructed using 
different polymer coatings and different coating locations on 
the implant to generate a tailored drug elution profile . Some 
embodiments elute drug at a constant rate , others yield a 
zero - order release profile . Yet other embodiments yield 
variable elution profiles . Still other embodiments are 
designed to stop elution completely or nearly completely for 
a predetermined period of time ( e . g . , a “ drug holiday ” ) and 
later resume elution at the same or a different elution rate or 
elution concentration . Some such embodiments elute the 
same therapeutic agent before and after the drug holiday 
while other embodiments elute different therapeutic agents 
before and after the drug holiday . 
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Drug Deliver Implants 
[ 0148 ] The present disclosure relates to ophthalmic drug 
delivery implants which , following implantation at an 
implantation site , provide controlled release of one or more 
drugs to a desired target region within the eye , the controlled 
release being for an extended , period of time . Various 
embodiments of the implants are shown in FIGS . 2 - 20 and 
will be referred to herein . 
[ 0149 ] FIG . 2 depicts a cross sectional schematic of one 
embodiment of an implant in accordance with the descrip 
tion herein . The implant comprises an outer shell 54 made of 
one or more biocompatible materials . The outer shell of the 
implant is manufactured by extrusion , drawing , injection 
molding , sintering , micro machining , laser machining , and / 
or electrical discharge machining , or any combination 
thereof . Other suitable manufacturing and assembly meth 
ods known in the art may also be used . In several embodi 
ments , the outer shell is tubular in shape , and comprises at 
least one interior lumen 58 . In some embodiments the 
interior lumen is defined by the outer shell and a partition 64 . 
In some embodiments , the partition is impermeable , while in 
other embodiments the partition is permeable or semi 
permeable . In some embodiments , the partition allows for 
the recharging of the implant with a new dose of drug ( s ) . In 
some other embodiments , other shell shapes are used , yet 
still produce at least one interior lumen . In several embodi 
ments the outer shell of the implant 54 is manufactured such 
that the implant has a distal portion 50 and a proximal 
portion 52 . In several embodiments , the thickness of the 
outer shell 54 is substantially uniform . In other embodi 
ments the thickness varies in certain regions of the shell . 
Depending on the desired site of implantation within the eye , 
thicker regions of the outer shell 54 are positioned where 
needed to maintain the structural integrity of the implant . 
[ 0150 ] In some embodiments , the implant is made of a 
flexible material . In other embodiments , a portion of the 
implant is made from flexible material while another portion 
of the implant is made from rigid material . In some embodi 
ments , the implant comprises one or more flexures ( e . g . , 
hinges ) . In some embodiments , the drug delivery implant is 
pre - flexed , yet flexible enough to be contained within the 
straight lumen of a delivery device . 
[ 0151 ] In other embodiments , at least a portion of the 
implant ( e . g . , an internal spine or an anchor ) is made of a 
material capable of shape memory . A material capable of 
shape memory may be compressed and , upon release , may 
expand axially or radially , or both axially and radially , to 
assume a particular shape . In some embodiments , at least a 
portion of the implant has a preformed shape . In other 
embodiments , at least a portion of the implant is made of a 
superelastic material . In some embodiments , at least a 
portion of the implant is made up of nitinol . In other 
embodiments , at least a portion of the implant is made of a 
deformable material . 
[ 0152 ] In several embodiments the majority of the surface 
of the outer shell of the implant is substantially impermeable 
to ocular fluids . In several embodiments , the majority of the 
surface of the outer shell of the implant is also substantially 
impermeable to the drug 62 housed within the interior lumen 
of the implant ( discussed below ) . In other embodiments , the 
outer shell is semi - permeable to drug and / or ocular fluid and 
certain regions of the implant are made less or more per 
meable by way of coatings or layers or impermeable ( or less 
permeable ) material placed within or on the outer shell . 

[ 0153 ] In several embodiments , the outer shell also has 
one or more regions of drug release 56 . In some embodi 
ments the regions of drug release are of reduced thickness 
compared to the adjacent and surrounding thickness of the 
outer shell . In some embodiments , the regions of reduced 
thickness are formed by one or more of ablation , stretching , 
etching , grinding , molding and other similar techniques that 
remove material from the outer shell . In other embodiments 
the regions of drug release are of a different thickness ( e . g . , 
some embodiments are thinner and other embodiments are 
thicker ) as compared to the surrounding outer shell , but are 
manufactured with an increased permeability to one or more 
of the drug 62 and ocular fluid . In still other embodiments , 
the outer shell is uniform or substantially uniform in thick 
ness but constructed with materials that vary in permeability 
to ocular fluid and drugs within the lumen . As such , these 
embodiments have defined regions of drug release from the 
implant . 

[ 0154 ] The regions of drug release may be of any shape 
needed to accomplish sufficient delivery of the drug to a 
particular target tissue of the eye . For example , in FIG . 2 , the 
regions 56 are depicted as defined areas of thinner material . 
FIG . 3A depicts the regions of drug release used in other 
embodiments , namely a spiral shape of reduced thickness 
56 . In some embodiments , the spiral is located substantially 
at the distal end of the implant , while in other embodiments , 
the spiral may run the length of the interior lumen . In still 
other embodiments , the spiral region of drug release is 
located on the proximal portion of the implant . In some 
embodiments , the spiral is on the interior of the implant shell 
( i . e . , the shell is rifled ; see FIG . 3A ) . In other embodiments , 
spiral is on the exterior of the shell ( see FIG . 3B ) . In other 
embodiments , the region of drug release is shaped as cir 
cumferential bands around the implant shell . 
[ 0155 ] FIG . 4 depicts another embodiment , wherein a 
region of drug release is located at the distal - most portion of 
the implant . Certain such embodiments are used when more 
posterior regions of the eye are to be treated . Alternatively , 
or in conjunction with the embodiment of FIG . 4 , the 
proximal portion of the implant may also have a region of 
drug release at or near the proximal - most portion . In other 
embodiments , the regions of drug release are uniformly or 
substantially uniformly distributed along the distal and / or 
proximal portions of the implant . In some embodiments , the 
regions of drug release are located at or near the distal end 
of the implant or , in alternative embodiments at or near the 
proximal end of the implant ( or in still additional embodi 
ments , at or near both the proximal and distal ends ) . In 
certain embodiments , the implants ( based on the regions of 
drug release ( based on thickness / permeability , orifices , lay 
ers etc . ) are strategically placed to create a differential 
pattern of drug elution from the implant , depending on the 
target tissue to be treated after implantation . In some 
embodiments , the regions of drug release are configured to 
preferentially elute drug from the distal end of the implant . 
In some such embodiments , the regions of drug release are 
strategically located at or near a target tissue in the more 
posterior region of the eye after the implantation procedure 
is complete . In some embodiments , the regions of drug 
release are configured to preferentially elute drug from the 
proximal end of the implant . In some such embodiments , the 
regions of drug release are strategically located at or near a 
target tissue in the anterior chamber of the eye after the 
implantation procedure is complete . As discussed in more 
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detail below , in several embodiments , the regions of drug 
release comprises one ( or more ) orifices that allow commu 
nication between an interior lumen of the implant and the 
environment in which the implant is implanted . It shall also 
be appreciated from the disclosure herein that , in certain 
embodiments , combinations of regions of drug release ( as 
described above ) may be combined with one or more 
orifices and / or coatings ( below ) in order to tailor the drug 
release profile . 
[ 0156 ] The implant in some embodiments includes a distal 
portion located at the distal end of the implant . In some 
embodiments , the distal portion is sufficiently sharp to pierce 
eye tissue near the scleral spur of the eye . The distal portion 
can be sufficiently blunt so as not to substantially penetrate 
scleral tissue of the eye . In some embodiments , the implant 
has a generally sharpened forward end and is self - trephinat 
ing , i . e . , self - penetrating , so as to pass through tissue without 
pre - forming an incision , hole , or aperture . The sharpened 
forward end can be , for example , conical or tapered . The 
taper angle of the sharpened end is , for example , about 
30° + 15° in some embodiments . In some embodiments , the 
radius of the tip of the distal end is about 70 microns to about 
200 microns . In embodiments comprising a shunt , discussed 
further herein , an outlet opening is formed at the distal end 
of the shunt and the distal portion gradually increases in 
cross - sectional size in the proximal direction , preferably at 
a generally constant taper or radius , or in a parabolic manner . 
[ 0157 ] In some embodiments , the body of the implant 
includes at least one surface irregularity . The surface irregu 
larity can comprise , for example , a ridge , groove , relief , 
hole , or annular groove . The surface discontinuities or 
irregularities can also comprise barbs or other projections , 
which can extend from the outer surface of the implant to 
inhibit migration of the implant from its implanted position . 
In some embodiments , the projections comprise external 
ribbing to resist displacement of the implant . The surface 
irregularity in some embodiments interacts with the tissue of 
the interior wall of the sclera and / or with the tissue of the 
ciliary attachment tissue . In some embodiments , the implant 
is anchored by mechanical interlock between tissue and an 
irregular surface and / or by friction fit . In several embodi 
ments , as discussed in more detail herein , the surface 
irregularities function to prevent growth of host tissue into 
or onto the implant ( e . g . , fibrotic growth ) that could , depend 
ing on the embodiment , reduce the efficiency of drug elution . 
[ 0158 ] In some embodiments , the implant incorporates 
fixation features , such as flexible radial ( i . e . , outwardly 
extending ) extensions . The extensions may be separate 
pieces attached to the implant , may be formed integrally 
with the implant , or may be formed by slitting the implant 
wall and thermally forming or mechanically deforming the 
extensions radially outward . If the extensions are separate 
pieces , they may be comprised of flexible material , such as 
nitinol or polyimide . The extensions may be located at the 
proximal or distal ends of the implant , or both , to prevent 
extrusion of the implant from its intended location . In 
several embodiments , the extensions are longitudinally 
spaced along the implant . Spacing between the extensions 
may be regular or irregular . The flexibility of the fixation 
features will facilitate entry through the corneal incision , and 
also through the ciliary muscle attachment tissue . 
[ 0159 ] In some embodiments , the implant has a cap or tip 
at one or both ends . A distal end cap can include a tissue 
piercing end . In some embodiments the cap has a conically 

shaped tip . In other embodiments , the cap can have a tapered 
angle tip . The tip can be sufficiently sharp to pierce eye 
tissue near the scleral spur of the eye . The tip can also be 
sufficiently blunt so as not to substantially penetrate scleral 
tissue of the eye . In some embodiments , the conically 
shaped tip facilitates delivery of the shunt to the desired 
location . In embodiments comprising a shunt , the distal end 
cap has one or more outlet openings to allow fluid flow . Each 
of the one or more outlet openings can communicate with at 
least one of the one or more lumens . 
[ 0160 ] In some embodiments , the implant has a proximal 
end cap . For example , an O - ring cap with a region of drug 
release ( as discussed more fully herein and with reference to 
FIGS . 18K and 18M ) can be located over the proximal end 
of the implant to allow for drug elution into the anterior 
chamber of the eye . In other embodiments , a cramp cap 
comprising a region of drug release ( as discussed more fully 
herein and with reference to FIGS . 18L and 18N ) is located 
over the proximal end of the implant . Regions of the crimp 
cap can be compressible such that the cap can be securely 
placed on , and sealed to , the body of the implant . In some 
embodiments , the cap comprises one or more orifices or 
layers in place of , or in addition to , regions of drug release 
based on thickness and / or permeability of the cap material . 
In some embodiments , a coating is placed within the cap to 
cover an orifice therein . The coating may comprise a mem 
brane or layer of semi - permeable polymer . In some embodi 
ments , the coating has a defined thickness , and thus a defined 
and known permeability to various drugs and ocular fluid . In 
some embodiments , the coating is placed in other locations , 
including on the exterior of the cap , within the orifice , or 
combinations thereof . 
10161 ] In some embodiments , the implant has an outer 
diameter that will permit the implant to fit within a 23 - gauge 
needle during implantation . The implant can also have a 
diameter that is designed for insertion with larger needles . 
For example , the implant can also be delivered with 18 - , 19 - , 
or 20 - gauge needles . In other embodiments , smaller gauge 
applicators , such as 23 - gauge or smaller , are used . In some 
embodiments , the implant has a substantially constant cross 
sectional shape through most of its length . Alternatively , the 
implant can have portions of reduced or enlarged cross 
sectional size ( e . g . , diameter ) along its length . In some 
embodiments , the distal end of the implace has a tapered 
portion , or a portion having a continually decreasing radial 
dimension with respect to the lumen axis along the length of 
the axis . The tapered portion preferably in some embodi 
ments terminates with a smaller radial dimension at the 
distal end . During implantation , the tapered portion can 
operate to form , dilate , and / or increase the size of an incision 
or puncture created in the tissue . The tapered portion may 
have a diameter of about 30 - gauge to about 23 - gauge , and 
preferably about 25 - gauge . 
f0162 ] In several embodiments , lumens are present in both 
the proximal and distal portions of the implant ( see FIG . 5 ; 
58a and 58 , respectively ) . In such embodiments both the 
proximal 52 and the distal portion 50 of the implant have one 
or more regions of drug release . In some such embodiments 
the proximal and distal portions of the implant house two 
different drugs 62a ( proximal ) and 62 ( distal ) in the lumens . 
See FIG . 5 . In other embodiments , the proximal and distal 
portion of the implant may house the same drugs , or the 
same drug at different concentrations or combined with 
alternate excipients . It will be appreciated that the placement 
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of the regions of drug release , whether within the proximal 
portion , distal portion , or both portions of the implant , are 
useful to specifically target certain intraocular tissues . For 
example , placement of the region of drug release at the distal 
most portion of the implant , is useful , in some embodiments , 
for specifically targeting drug release to particular intraocu 
lar regions , such as the macula . In other embodiments , the 
regions of drug release are placed to specifically release drug 
to other target tissues , such as the ciliary body , the retina , the 
vasculature of the eye , or any of the ocular targets discussed 
above or known in the art . In some embodiments , the 
specific targeting of tissue by way of specific placement of 
the region of drug release reduces the amount of drug needed 
to achieve a therapeutic effect . In some embodiments , the 
specific targeting of tissue by way of specific placement of 
the region of drug release reduces non - specific side effects 
of an eluted drug . In some embodiments , the specific tar 
geting of tissue by way of specific placement of the region 
of drug release increases the overall potential duration of 
drug delivery from the implant . 
[ 0163 ] Regardless of their shape and location ( s ) on the 
outer shell of the in implant , the regions of drug release are 
of a defined and known area . The defined area assists in 
calculating the rate of drug elution from the implant ( de 
scribed below ) . The regions of drug release are formed in 
several embodiments by reducing the thickness of the outer 
shell in certain defined areas and / or controlling the perme 
ability of a certain region of the outer shell . FIGS . 6A - I 
represent certain embodiments of the region of drug release . 
FIGS . 6A and B depict overlapping regions of a thicker 54 
and thinner 54a portion of the outer shell material with the 
resulting formation of an effectively thinner region of mate 
rial , the region of drug release 56 . FIGS . 6C and 6D depict 
joinder of thicker 54 with thinner 54a portions of the outer 
shell material . The resulting thinner region of material is the 
region of drug release 56 . It will be appreciated that the 
joining of the thicker and thinner regions may be accom 
plished by , for example , butt - welding , gluing or otherwise 
adhering with a biocompatible adhesive , casting the shell as 
a single unit with varying thickness , heat welding , heat 
fusing , fusing by compression , or fusing the regions by a 
combination of heat and pressure . Other suitable joining 
methods known in the art may also be used . 
[ 0164 ] FIG . 6E depicts a thicker sleeve of outer shell 
material overlapping at least in part with a thinner shell 
material . The thinner , non - overlapped area , 56 , is the region 
of drug release . It will be appreciated that the degree of 
overlap of the material is controllable such that the region of 
non - overlapped shell is of a desired area for a desired elution 
profile . 
[ 0165 ] FIG . 6F illustrates an outer shell material with a 
thin area 56 formed by one or more of ablation , stretching , 
etching , grinding , molding and other similar techniques that 
remove material from the outer shell . 
[ 0166 ] FIG . 6G depicts a “ tube within a tube ” design , 
wherein a tube with a first thickness 54 is encased in a 
second tube with a second thickness 54a . The first tube has 
one or more breaks or gaps in the shell , such that the overlaid 
thinner shell 54a covers the break or gap , thereby forming 
the region of drug release . In the embodiment shown in FIG . 
6G , and in certain other embodiments , the break or gap in 
the shell with a first thickness 54 , does not communicate 
directly with the external environment . 

[ 0167 ] FIG . 6H depicts an embodiment wherein the region 
of drug release is bordered both by the outer shell 54 and by 
a substantially impermeable matrix material 55 having a 
communicating particulate matter 57 dispersed within the 
impermeable matrix . In several embodiments , the commu 
nicating particulate matter is compounded with the imper 
meable matrix material during implant manufacturing . The 
implant may then be contacted with a solvent , which is 
subsequently carried through the communicating particulate 
matter and reaches the drug housed within the lumen of the 
implant . Preferred solvents include water , saline , or ocular 
fluid , or biocompatible solvents that would not affect the 
structure or permeability characteristics of the impermeable 
matrix . 
[ 0168 ] As the drug in the lumen is dissolved into the 
solvent , it travels through the communicating particulate 
matter from the lumen of the implant to the ocular target 
tissue . In some embodiments , the implant is exposed to a 
solvent prior to implantation in the eye , such that drug is 
ready for immediate release during or soon after implanta 
tion . In other embodiments , the implant is exposed only to 
ocular fluid , such that there is a short period of no drug 
release from the implant while the ocular fluid moves 
through the communicating particulate matter into the lumen 
of the implant . 
[ 0169 ] In some such embodiments , the communicating 
particulate matter comprises hydrogel particles , for 
example , polyacrylamide , cross - linked polymers , poly2 - hy 
droxyethylmethacrylate ( HEMA ) polyethylene oxide , 
polyAMPS and polyvinylpyrrolidone , or naturally derived 
hydrogels such as agarose , methylcellulose , hyaluronan . 
Other hydrogels known in the art may also be used . In some 
embodiments , the impermeable material is silicone . In other 
embodiments , the impermeable material may be Teflon® , 
flexible graphite , silicone rubber , silicone rubber with fiber 
glass reinforcement , Neoprene® , fiberglass , cloth inserted 
rubber , vinyl , nitrile , butyl , natural gum rubber , urethane , 
carbon fiber , fluoroelastomer , and or other such imperme 
able or substantially impermeable materials known in the 
art . In this and other embodiments disclosed herein , terms 
like “ substantially impermeable ” or “ impermeable ” should 
be interpreted as relating to a material ' s relative imperme 
ability with regard to the drug of interest . This is because the 
permeability of a material to a particular drug depends upon 
characteristics of the material ( e . g . crystallinity , hydrophi 
licity , hydrophobicity , water content , porosity ) and also to 
characteristics of the drug . 
[ 0170 ] FIG . 61 depicts another embodiment wherein the 
region of drug release is bordered both by the outer shell 54 
and by an impermeable matrix material 55 , such as silicone 
having a communicating particulate matter 57 dispersed 
within the impermeable matrix . In other embodiments , the 
impermeable material may be Teflon® , flexible graphite , 
polydimethylsiloxane and other silicone elastomers , Neo 
prene® , fiberglass , cloth inserted rubber , vinyl , nitrile , butyl , 
natural gum rubber , urethane , carbon fiber , fluoroelastomer , 
and or other such impermeable or substantially impermeable 
materials known in the art . In several embodiments , the 
communicating particulate matter is compounded with the 
impermeable matrix material during implant manufacturing . 
The resultant matrix is impermeable until placed in a solvent 
that causes the communicating particulate matter to dis 
solve . In several embodiments , the communicating particles 
are salt crystals ( for example , sodium bicarbonate crystals or 
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sodium chloride crystals ) . In other embodiments , other 
soluble and biocompatible materials may be used as the 
communicating particulate matter . Preferred communicating 
particulate matter is soluble in a solvent such as water , 
saline , ocular fluid , or another biocompatible solvent that 
would not affect the structure or permeability characteristics 
of the impermeable matrix . It will be appreciated that certain 
embodiments , the impermeable matrix material com 
pounded with a communicating particulate matter has suf 
ficient structural integrity to form the outer shell of the 
implant ( i . e . , no additional shell material is necessary ) . 
[ 0171 ] In certain embodiments , the communicating par 
ticles are extracted with a solvent prior to implantation . The 
extraction of the communicating particles thus creates a 
communicating passageway within the impermeable mate 
rial . Pores ( or other passages ) in the impermeable material 
allow ocular fluid to pass into the particles , which commu 
nicate the fluid into the lumen of implant . Likewise , the 
particles communicate the drug out of the lumen of the 
implant and into the target ocular tissue . 
[ 0172 ] In contrast to a traditional pore or orifice ( described 
in more detail below ) , embodiments such as those depicted 
in FIGS . 6H and 61 communicate drug from the lumen of the 
implant to the ocular tissue through the communicating 
particles or through the resultant vacancy in the imperme 
able matrix after dissolution of the particle . These embodi 
ments therefore create an indirect passage from the lumen of 
the implant to the eye ( i . e . a circuitous route or tortuous path 
of passage ) . Thus , purposeful design of the particulate 
material , its rate of communication of fluids or rate of 
dissolution in solvent , allows further control of the rate and 
kinetics of drug release . 
[ 0173 ] In several embodiments , the region of drug release 
comprises one or more orifices . It shall be appreciated that 
certain embodiments utilize regions of drug release that are 
not orifices , either alone or in combination with one or more 
orifices in order to achieve a controlled and targeted drug 
release profile that is appropriate for the envisioned therapy . 
FIG . 7 shows a cross sectional schematic of one embodiment 
of an implant in accordance with the description herein . As 
discussed above , the implant comprises a distal portion 50 , 
a proximal portion 52 , an outer shell 54 made of one or more 
biocompatible materials , and one or more orifices that pass 
through the shell 56a . In some embodiments the outer shell 
of the implant is substantially impermeable to ocular fluids . 
In several embodiments , the implant houses a drug 62 within 
the interior lumen 58 of the implant . 
[ 0174 ] As discussed in more detail below , in some 
embodiments , the drug comprises a therapeutically effective 
drug against a particular ocular pathology as well as any 
additional compounds needed to prepare the therapeutic 
agent in a form with which the drug is compatible . In some 
embodiments the therapeutic agent is in the form of a 
drug - containing pellet . Some embodiments of therapeutic 
agent comprise a drug compounded with a polymer formu 
lation . In certain embodiments , the polymer formulation 
comprises a poly ( lactic - co - glycolic acid ) or PLGA CO 
polymer or other biodegradable or bioerodible polymer . 
While the drug is represented as being placed within the 
lumen 58 in FIG . 7 , it has been omitted from several other 
Figures , so as to allow clarity of other features of those 
embodiments . It should be understood , however , that all 
embodiments herein optionally include one or more drugs . 

[ 0175 ] In several embodiments , the implant further com 
prises a coating 60 which may be positioned in various 
locations in or on the implant as described below . In some 
embodiments , the coating 60 is a polymeric coating . FIG . 8 
depicts an implant wherein the coating 60 is positioned 
inside the implant , but enveloping the therapeutic agent 
housed within the lumen , while FIG . 9 depicts the coating 60 
on the exterior of the shell 54 . Some other embodiments may 
comprise implants with non - polymeric coatings in place of , 
or in addition to a polymeric coating . The coating is option 
ally biodegradable . Some other embodiments may comprise 
an implant made entirely of a biodegradable material , such 
that the entire implant is degraded over time . In some 
embodiments , the coating is placed over the entire implant 
( e . g . , enveloping the implant ) while in other embodiments 
only a portion of the implant is covered . In some embodi 
ments , the coating is on the exterior surface of the implant . 
In some embodiments , the coating is placed on the luminal 
wall within the implant . Similarly , in some embodiments in 
which the coating is positioned inside the implant , the 
coating covers the entire inner surface of the lumen , while 
in other embodiments , only a portion of the inner surface is 
covered . It shall be appreciated that , in addition to the 
regions of drug release described above , implants according 
to several embodiments , disclosed herein combine regions 
of drug release with one or more coatings in order to control 
drug release characteristics . 
[ 0176 ] In several embodiments , one or more orifices 56a 
traversing the thickness of the outer shell 54 provide com 
munication passages between the environment outside the 
implant and the interior lumen 58 of the implant ( FIGS . 7 - 9 ) . 
The one or more orifices are created through the implant 
shell by way of drilling through the various shells of a 
particular implant or any other technique known in the art . 
The orifices may be of any shape , such as spherical , cubical , 
ellipsoid , and the like . The number , location , size , and shape 
of the orifices created in a given implant determine the ratio 
of orifice to implant surface area . This ratio may be varied 
depending on the desired release profile of the drug to be 
delivered by a particular embodiment of the implant , as 
described below . In some embodiments , the orifice to 
implant surface area ratio is greater than about 1 : 100 . In 
some embodiments , the orifice to implant surface area ratio 
ranges from about 1 : 10 to about 1 : 50 , from about 1 : 30 to 
about 1 : 90 , from about 1 : 20 to about 1 : 70 , from about 1 : 30 
to about 1 : 60 , from about 1 : 40 to about 1 : 50 . In some 
embodiments , the orifice to implant surface area ratio ranges 
from about 1 : 60 top about 1 : 100 , including about 1 : 70 , 1 : 80 
and 1 : 90 . 
[ 0177 ] In other embodiments , the outer shell may contain 
one or more orifice ( s ) 56b in the distal tip of the implant , as 
shown in FIGS . 10A and 10B . In other embodiments , the 
outer shell contains one or more orifice ( s ) in the proximal tip 
of the implant , such as for example drug elution and / or fluid 
influx ( e . g . , for dissolution of drug housed within the 
implant and / or for shunting of fluid to a fluid outflow 
pathway ) . The shape and size of the orifice ( s ) can be selected 
based on the desired elution profile . Still other embodiments 
comprise a combination of a distal orifice and multiple 
orifices placed more proximally on the outer shell . Addi 
tional embodiments comprise combinations of distal ori 
fices , proximal orifices on the outer shell and / or regions of 
drug release as described above ( and optionally one or more 
coatings ) . Additional embodiments have a closed distal end . 
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In such embodiment the regions of drug release ( based on 
thickness / permeability of the shell , orifices , coatings , place 
ment of the drug , etc . ) are arranged along the long axis of the 
implant . Such a configuration is advantageous in order to 
reduce the amount of tissue damage caused by the advancing 
distal end that occurs during the several embodiments of the 
implantation procedures disclosed herein . 
[ 0178 ] In some embodiments , the distal orifice comprises 
a biodegradable or bioerodible plug 61 with a plurality of 
orifice ( s ) 56b that maintain drug elution from the implant , 
should one or more orifices become plugged with tissue 
during the insertion / implantation . In other embodiments , the 
orifice ( s ) can comprise permeable or semi - permeable mem 
branes , porous films or sheets , or the like . In some such 
embodiments , the permeable or semi - permeable mem 
branes , films , or sheets may lie outside the shell and cover 
the orifices , inside the shell to cover the orifices or both . The 
permeability of the material will partially define the release 
rate of the drug from the implant , which is described in 
further detail below . Such membranes , sheets , or films are 
useful in those embodiments having elongated orifices in the 
outer shell . Arrows in FIG . 10B depict flow of drug out of 
the implant . 
[ 0179 ] In several embodiments , an additional structure or 
structures within the interior of the lumen partially controls 
the elution of the drug from the implant . In some embodi 
ments , a proximal barrier 64a is positioned proximally 
relative to the drug 62 ( FIGS . 7 and 10C ) . An optional shunt 
feature may also be included which comprises outflow 
apertures 66 in communication with a proximal inflow 
lumen 68 located in the proximal region 52 of the implant . 
In addition to the layer or layers of permeable or semi 
permeable material may be used to envelope the drug 
discussed above , FIG . 10C depicts an internal plug 210 that 
is be located between the drug 62 and the various orifices 
56a and 56b in certain embodiments . In such embodiments , 
the internal plug need not completely surround the drug . In 
some embodiments , the material of the internal plug 210 
differs from that of the shell 54 , while in some embodiments 
the material of the internal plug 210 is the same material as 
that of the shell 54 . Suitable materials for the internal plug 
include , but are not limited to , agarose or hydrogels such as 
polyacrylamide , polymethyl methacrylate , or HEMA ( hy 
droxyethyl methacrylate ) . In additional any material dis 
closed herein for use in the shell or other portion of the 
implant may be suitable for the internal plug , in certain 
embodiments . 
[ 0180 ] In such embodiments where the material is the 
same , the physical characteristics of the material used to 
construct 210 are optionally different than that of the shell 
54 . For example , the size , density , porosity , or permeability 
of the material of 210 may differ from that of the shell 54 . 
In some embodiments , the internal plug is formed in place 
( i . e . within the interior lumen of the implant ) , for example 
by polymerization , molding , or solidification in situ of a 
dispensed liquid , powder , or gel . In other embodiments , the 
internal plug is preformed external to the shell placed within 
the shell prior to implantation . In such embodiments , tai 
lored implants are constructed in that the selection of a 
pre - formed internal plug may be optimized based on a 
particular drug , patient , implant , or disease to be treated . In 
several embodiments , the internal plug is biodegradable or 
bioerodible , while in some other embodiments , the internal 
plug is durable ( e . g . , not biodegradable or bioerodible ) . 

[ 0181 ] In several embodiments , the internal plug may be 
closely fit or bonded to the inner wall of shell . In such 
embodiments , the internal plug is preferably permeable to 
the drug , thereby allowing passage of the drug through the 
plug , through the orifices and to the target tissue . In some 
embodiments , the internal plug is also permeable to body 
fluids , such that fluids from outside the implant may reach 
the drug . The overall release rate of drug from the device in 
this case may be controlled by the physical characteristics of 
several aspects of the implant components , including , but 
not limited to , the area and volume of the orifices , the 
surface area of any regions of drug release , the size and 
position of the internal plug with respect to both the drug and 
the orifices and / or regions of drug release , and the perme 
ability of the internal plug to the drug and bodily fluids . In 
addition , in several embodiments , the internal plug increases 
path length between the drug and the orifices and / or regions 
of drug release , thereby providing an additional point of 
control for the release rate of drug . 
[ 0182 ] In several other embodiments , the internal plug 210 
may be more loosely fit into the interior lumen of the shell 
which may allow flow or transport of the drug around the 
plug . See FIG . 10D . In still other embodiments , the internal 
plug may comprise two or more pieces or fragments . See 
FIG . 10E . In such embodiments with a looser fitting or 
fragmented plug , the drug may elute from the implant by 
passing through the gap between the internal plug and the 
interior wall of shell . The drug may also elute from the 
implant by passing through the gaps between pieces or 
fragments of the internal plug . The drug may also elute from 
the implant by passing through the permeable inner plug . 
Similarly , bodily fluids may pass from the external portion 
of the implant into the implant and reach the drug by any of 
these , or other , pathways . It shall be appreciated that elution 
of the drug can occur as a result of a combination of any of 
these routes of passage or permeability . 
10183 ] In several embodiments , the orifices 56a are cov 
ered ( wholly or partially ) with one or more elution mem 
branes 100 that provide a barrier to the release of drug 62 
from the interior lumen 58 of the implant shell 54 . See FIG . 
10F . In several embodiments , the elution membrane is 
permeable to the therapeutic agent , to bodily fluids or to 
both . In some embodiments the membrane is elastomeric 
and comprises silicone . In other embodiments , the mem 
brane is fully or partially coated with a biodegradable or 
bioerodible material , allowing for control of the inception of 
entry of bodily fluid , or egress of therapeutic agent from the 
implant . In certain embodiments , the membrane is impreg 
nated with additional agents that are advantageous , for 
example an anti - fibrotic agent , a vasodilator , an anti - throm 
botic agent , or a permeability control agent . In addition , in 
certain embodiments , the membrane comprises one or more 
layers 100a , 100b , and 100c in FIG . 10G , for example , 
allowing a specific permeability to be developed . 
[ 0184 ) Similar to the internal plug and regions of drug 
release described above , the characteristics of the elution 
membrane at least partially define the release rate of the 
therapeutic agent from the implant . Thus , the overall release 
rate of drug from the implant may be controlled by the 
physical characteristics of the implant , including , but not 
limited to , the area and volume of the orifices , the surface 
area of any regions of drug release , the size and position of 
any internal plug with respect to both the drug and the 
orifices and / or regions of drug release , and the permeability 
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of any layers overlaying any orifices or regions of drug 
release to the drug and bodily fluids . 
[ 0185 ] In some embodiments , multiple pellets 62 of single 
or multiple drug ( s ) are placed end to end within the interior 
lumen of the implant ( FIG . 11A ) . In some such embodi 
ments , the orifices 56a ( or regions of drug release ) are 
positioned at a more distal location on the implant shell . In 
other such embodiments , the orifices 56a ( or regions of drug 
release ) are positioned at a more proximal location on the 
implant shell , depending on the ocular tissue being targeted . 
In some other embodiments a partition 64 is employed to 
seal therapeutic agents from one another when contained 
within the same implant inner lumen . In some embodiments , 
the partition 64 bioerodes at a specified rate . In some 
embodiments , the partition 64 is incorporated into the drug 
pellet and creates a seal against the inner dimension of the 
shell of the implant 54 in order to prevent drug elution in an 
unwanted direction . In certain embodiments further com 
prising a shunt , a partition may be positioned distal to the 
shunt outlet holes , which are described in more detail below . 
[ 0186 ] In certain alternative embodiments , the orifices or 
regions of drug release may be positioned along a portion of 
or substantially the entire length of the outer shell that 
surrounds the interior lumen and one or more partitions may 
separate the drugs to be delivered . 
[ 0187 ] An additional non - limiting additional embodiment 
of a drug pellet - containing implant is shown in FIG . 11B ( in 
cross section ) . In certain embodiments , the pellets are micro 
pellets 62 ' ( e . g . , micro - tablets ) with characteristics described 
more fully below . In some embodiments , such one or more 
such micro - pellets are housed within a polymer tube having 
walls 54 ' of a desired thickness . In some embodiments , the 
polymer tube is extruded and optionally has a circular 
cross - section . In other embodiments , other shapes ( e . g . , 
oval , rectangular , octagonal etc . ) are formed . In some 
embodiments , the polymer is a biodegradable polymer , such 
as those discussed more fully below . Regardless of the 
material or the shape , several embodiments of the implant 
are dimensioned for implantation into the eye of a subject 
( e . g . , sized to pass through a 21 gauge , 23 gauge , 25 gauge , 
27 gauge , or smaller needle ) . 
[ 0188 ] Within that context , the dimensions of several 
embodiments of such a device may be varied in order to 
provide a desired release time for the therapeutic agent in the 
micro - pellets . For example , the wall thickness of a polymer 
tube can be adjusted to alter the permeability of the polymer 
tube to the therapeutic agent . Moreover , in the case of 
biodegradable polymers , the wall thickness can also be 
altered in order to control the overall rate of degradation of 
the device . In combination with other variables more fully 
described herein , e . g . , the polymer chemistry and the 
molecular weight of the polymers used , elution of the 
therapeutic agent from the implant is highly controllable . 
[ 0189 ] As shown generally in FIG . 11B , the micro - pellet 
62 ' can be housed within a compartment defined by end 
pieces or partitions 64 ' . In some embodiments , the endpieces 
64 ' defining each lumen or compartment are thermoformed 
from the same material as tubing 54 ' . In other embodiments , 
they may be formed of sections of polymer filaments . In still 
other embodiments , the endpieces are formed within the 
interior of the tube by injecting or otherwise applying small 
volumes of thermosetting polymers , adhesives , polymer 
solutions in volatile solvents , and the like . Alternatively , 
endpieces may be machined from hard polymers , metals or 

other materials , and positioned and retained within the tube 
using solvent or adhesive bonding . In those embodiments 
wherein the endpieces are polymers , some embodiments 
employ biodegradable polymers , which may be designed to 
degrade before , at the time of , or after the micro - pelleted 
therapeutic agent is released . Moreover , polymeric end 
pieces may comprise the same polymer as the extruded 
polymeric tube 54 ' , or may be a different polymer . 
f0190 ] While shown in FIG . 11B as dimensioned to hold 
one micro - tablet of therapeutic agent 62 ' , it shall be appre 
ciated that , in some embodiments , the lumen 58 ' may be 
dimensioned to hold a plurality of micro - tablets comprising 
the same or differing therapeutic agents . Advantageously , 
such embodiments employed an extruded shell and one or 
more micro - pellets allow the release of the therapeutic 
agents from the implant , in a controlled fashion , without the 
therapeutic agent being exposed to the elevated temperatures 
that are often required for extrusion . Rather , the shell may 
first be extruded and then loaded with micro - pellets once 
temperatures are normalized . 
[ 0191 ] As discussed in more detail herein , each tablet 
comprises a therapeutic agent ( also referred to herein as an 
active pharmaceutical ingredient ( API ) ) optionally com 
bined with one or more excipients . Excipients may include , 
among others , freely water soluble small molecules ( e . g . , 
salts ) in order to create an osmotic pressure gradient across 
the wall of tubing 54 ' . In some embodiments , such a gradient 
increases stress on the wall , and decreases the time to release 
drug . 
10192 ] The in vivo environment into which several 
embodiments of the implants disclosed herein are positions 
may be comprised of a water - based solution ( such as aque 
ous humor or blood plasma ) or gel ( such as vitreous humor ) . 
Water from the surrounding in vivo environment may , in 
some embodiments , diffuse through semipermeable or 
fenestrated stent walls into the drug reservoir ( e . g . , one or 
more of the interior lumens , depending on the embodiment ) . 
Water collecting within the drug - containing interior lumen 
then begins dissolving a small amount of the tablet or 
drug - excipient powder . The dissolution process continues 
until a solution is formed within the lumen that is in osmotic 
equilibrium with the in vivo environment . 
[ 0193 ] . In additional embodiments , osmotic agents such as 
saccharides or salts are added to the drug to facilitate ingress 
of water and formation of the isosmotic solution . With 
relatively insoluble drugs , for example corticosteroids , the 
isosmotic solution may become saturated with respect to the 
drug in certain embodiments . In certain such embodiments , 
saturation can be maintained until the drug supply is almost 
exhausted . In several embodiments , maintaining a saturated 
condition is particularly advantageous because the elution 
rate will tend to be essentially constant , according to Fick ' s 
Law . 
[ 0194 ] Implants such as those depicted generally in FIG . 
11B may be implanted singularly ( e . g . , a single implant ) or 
optionally as a plurality of multiple devices . In some 
embodiments , the plurality of implants may be joined 
together ( e . g . , end to end ) to form a single , larger implant . 
As discussed above , and in greater detail below , such 
implants may be generated having different drug release 
times , for example , by varying the time or - degradation 
properties of extruded tubing 54 ' . Implantation of a plurality 
of varied devices having different release times , a desired 
overall drug release profile can be obtained based on the 
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serial ( or concurrent ) release of drug from the plurality of 
implants a given time period . For example , release times can 
be designed such that a first period of drug release occurs , 
and is then followed by a drug " holiday ” prior a second 
period of drug release . 
[ 0195 ] Several embodiments of the implant may also 
comprise a shunt in addition to functioning as a drug 
delivery device . The term “ shunt ” as used herein is a broad 
term , and is to be given its ordinary and customary meaning 
to a person of ordinary skill in the art ( and it is not to be 
limited to a special or customized meaning ) , and refers 
without limitation to the portion of the implant defining one 
or more fluid passages for transport of fluid from a first , 
often undesired location , to one or more other locations . In 
some embodiments , the shunt can be configured to provide 
a fluid flow path for draining aqueous humor from the 
anterior chamber of an eye to an outflow pathway to reduce 
intraocular pressure , such as is depicted generally in FIG . 
12A . In other embodiments the shunt can be configured to 
provide a fluid flow path for draining aqueous humor to an 
outflow pathway . Still other embodiments can be configured 
to drain ocular fluid or interstitial fluid from the area in and 
around the eye to a remote location . Yet other combination 
drug delivery - shunt implants may be configured to drain 
physiological fluid from a first physiologic site to a second 
site ( which may be physiologic or external to a patient ) . In 
still additional embodiments , the shunt additionally ( or 
alternatively ) functions to provide a bulk fluid environment 
to facilitate the dilution and / or elution of the drug . 
[ 0196 ] The shunt portion of the implant can have an inflow 
portion 68 and one or more outflow portions 66 . As 
described above , the outflow portion may be disposed at or 
near the proximal end 52 of the implant . While not illus 
trated , in some embodiments a shunt outflow portion may be 
disposed at or near the distal end of the implant with the 
inflow portion residing a different location ( or locations ) on 
the implant . In some embodiments , when the implant is 
deployed , the inflow portion may be sized and configured to 
reside in the anterior chamber of the eye and the outflow 
portion may be sized and configured to reside in the supra 
ciliary or suprachoroidal space . In some embodiments , the 
outflow portion may be sized and configured to reside in the 
supraciliary region of the uveoscleral outflow pathway , the 
suprachoroidal space , other part of the eye , or within other 
physiological spaces amenable to fluid deposition . 
[ 01971 . In some embodiments , at least one lumen extends 
through the shunt portion of the implant . In some embodi 
ments , there is at least one lumen that operates to conduct the 
fluid through the shunt portion of the implant . In certain 
embodiments , each lumen extends from an inflow end to an 
outflow end along a lumen axis . In some embodiments the 
lumen extends substantially through the longitudinal center 
of the shunt . In other embodiments , the lumen can be offset 
from the longitudinal center of the shunt . 
[ 0198 ] In implants additionally comprising a shunt in the 
proximal portion of the device , the first ( most proximal ) 
outflow orifice on the implant is positioned between 1 and 10 
mm from the anterior chamber of the subject . In some 
embodiments additionally comprising a shunt in the proxi 
mal portion of the device , the first ( most proximal ) outflow 
orifice on the implant is positioned preferably between 2 and 
5 mm from the anterior chamber of the subject . Additional 
outflow orifices may be positioned in more distal locations , 

up to or beyond the point where the interior lumen housing 
the drug or therapeutic agent begins . 
[ 0199 ] In some embodiments comprising a shunt , a shunt 
inflow portion preferably is disposed at or near a proximal 
end of the implant and a shunt outflow portion preferably is 
disposed at or near a distal end of the shunt . When 
implanted , in several embodiments , the shunt inflow portion 
is sized and configured to reside in the anterior chamber of 
the eye and the shunt outflow portion is sized and configured 
to reside in the uveoscleral outflow pathway . In some 
embodiments , the shunt outflow portion is sized and con 
figured to reside in the supraciliary region of the iveoscleral 
outflow pathway or in the suprachoroidal space . Multiple 
outflow points may be used in a single device , depending on 
the embodiment . 
[ 0200 ] . In some embodiments , the flow path through the 
implant is configured to regulate the flow rate to reduce the 
likelihood of hypotony in the eye . In some embodiments , the 
intraocular pressure is maintained at about 8 mm Hg . In 
other embodiments , the intraocular pressure is maintained at 
pressures less than about 8 mm Hg , for example the 
intraocular pressure may be maintained between about 6 mm 
Hg and about 8 mm Hg . In other embodiments , the intraocu 
lar pressure is maintained at pressures greater than about 8 
mm Hg . For example , the intraocular pressure may be 
maintained between about 8 mm Hg and about 18 mm Hg , 
and more preferably between 8 mm Hg and 16 mm Hg , and 
most preferably not greater than 12 mm Hg . In some 
embodiments , the flow rate can be limited to about 2 . 5 
uL / min or less . In some embodiments , the flow rate can be 
limited to between about 1 . 9 uL / min and about 3 . 1 uL / min . 
[ 0201 ] For example , the Hagen - Poisseuille equation sug 
gests that a 4 mm - long shunt at a flow rate of 2 . 5 uL / min 
should have an inner diameter of 52 micrometers to create 
a pressure gradient of 5 mm Hg above the pressure in the 
suprachoroidal space . 
[ 0202 ] FIG . 12B illustrates another embodiment of a drug 
eluting implant 430 comprising a shunt that is operable to 
drain fluid from the anterior chamber to the uveoscleral 
outflow pathway ( e . g . , the suprachoroidal space ) . The drug 
eluting implant 430 can comprise at least one interior lumen 
436 extending therethrough , wherein at least a first active 
drug can be placed . The interior lumen 436 of the implant 
430 can communicate with an inflow portion 432 and an 
outflow portion 434 . When implanted , the inflow portion 
432 is sized and configured to reside in the anterior chamber 
of the eye and the outflow portion 434 is sized and config 
ured to reside in the uveoscleral outflow pathway . The first 
active drug can elute from the inflow portion 432 into the 
anterior chamber to treat a target ocular tissue . As the first 
active drug elutes from the interior lumen 436 into the 
anterior chamber , fluid can be conducted through the interior 
lumen 436 if the implant . 
[ 0203 ] The implant 430 preferably has an outer diameter 
that will permit the implant 430 to fit within a 21 - gauge or 
23 - gauge needle or hollow instrument during implantation ; 
however , larger or smaller gauge instruments may also be 
used . The implant 430 can also have a diameter that is 
designed for delivery with larger needles . For example , the 
implant 430 can also be delivered with 18 - , 19 - or 20 - gauge 
needles . The implant 430 can have a constant diameter 
through most of its length . In some embodiments , the 
implant 430 comprises retention features 446 that operate to 
mechanically lock or anchor the implant 430 in place when 



US 2018 / 0193189 A9 Jul . 12 , 2018 
19 

implanted . In some embodiments , the retention features 446 
comprise portions of reduced diameter , e . g . , annular 
grooves , between the proximal end 438 and the distal end 
440 . In some embodiments , the retention features 446 com - 
prise barbs or other projections , which extend from the outer 
surface of the implant 430 , to inhibit migration of the 
implant 430 from its implanted position , as described above . 
[ 0204 ] As shown in FIG . 12C , for example , some embodi 
ments of an implant 430 have a plurality of annular ribs 448 
formed on an exterior surface of the implant 430 . The 
annular ribs 448 can be spaced longitudinally along the 
implant 430 between the proximal end 438 and the distal end 
440 . Spacing between the annular ribs 448 can be regular or 
irregular . 
[ 0205 ] The outflow portion 434 of the implant 430 pref 
erably is disposed at or near the distal end 440 of the implant 
430 . In the embodiment illustrated in FIG . 12B , the outflow 
portion 434 has a tapered portion 444 ; however , it may also 
have other shapes ( e . g . semi - sphere , a paraboloid , a hyper 
boloid ) with a continually decreasing radial dimension with 
respect to the lumen axis 442 along the length of the axis 
442 . The tapered portion 444 preferably terminates with a 
smaller radial dimension at the outflow end 440 . During 
implantation , the tapered portion 444 can operate to form , 
dilate , and / or increase the size of , an incision or puncture 
created in the tissue . For example , the distal end 440 can 
operate as a trocar to puncture or create an incision in the 
tissue . Following advancement of the distal end 440 of the 
implant 430 , the tapered portion 444 can be advanced 
through the puncture or incision . The tapered portion 444 
will operate to stretch or expand the tissue around the 
puncture or incision to accommodate the increasing size of 
the tapered portion 444 as it is advanced through the tissue . 
[ 0206 ] The tapered portion 444 can also facilitate proper 
location of the implant 430 into the supraciliary or supra 
choroidal spaces . For example , the implant 430 is preferably 
advanced through the tissue within the anterior chamber 
angle during implantation . This tissue typically is fibrous or 
porous , which is relatively easy to pierce or cut with a 
surgical device , such as the tip of the implant 430 . The 
implant 430 can be advanced through this tissue and abut 
against the sclera once the implant 430 extends into the 
uveoscleral outflow pathway . As the implant 430 abuts 
against the sclera , the tapered portion 444 preferably pro 
vides a generally rounded edge or surface that facilitates 
sliding of the implant 430 within the suprachoroidal space 
along the interior wall of the sclera . For example , as the 
implant 430 is advanced into the uveoscleral outflow path 
way and against the sclera , the implant 430 will likely be 
oriented at an angle with respect to the interior wall of the 
sclera . As the tip of the implant 430 engages the sclera , the 
tip preferably has a radius that will permit the implant 430 
to slide along the sclera instead of piercing or substantially 
penetrating the sclera . As the implant 430 slides along the 
sclera , the tapered portion 444 will provide an edge against 
which the implant 430 can abut against the sclera and reduce 
the likelihood that the implant 430 will pierce the sclera . 
[ 0207 ] Once the implant 430 is implanted in position with 
the inflow portion 432 residing in the anterior chamber and 
the outflow portion 434 residing in the uveoscleral outflow 
pathway , the first active drug can elute from the lumen 436 
of the implant 430 into the anterior chamber and aqueous 
humor can flow from the anterior chamber to the uveoscleral 
outflow pathway through the lumen 436 of the implant 430 . 

The flow of fluid is preferably restricted by the size of the 
lumen 436 , which produces a capillary effect that limits the 
fluid flow for given pressures . The capillary effect of the 
lumen allows the shunt to restrict flow and provides a 
valveless regulation of fluid flow . The flow of fluid through 
the implant 430 is preferably configured to be restricted to 
a flow rate that will reduce the likelihood of hypotony in the 
eye . For example , in some embodiments , the flow rate can 
be limited to about 2 . 5 uL / min or less . In some embodiments 
the flow rate can be limited to between about 1 . 9 uL / min and 
about 3 . 1 uL / min . In other applications , a plurality of 
implants 430 can be used in a single eye to elute at least a 
first drug into the anterior chamber and to conduct fluid from 
the anterior chamber to the uveoscleral outflow pathway . In 
such applications , the cumulative flow rate through the 
implants preferably is within the range of about 1 . 9 uL / min 
to about 3 . 1 uL / min , although the flow rate for each of the 
implants can be significantly less than about 2 . 5 uL / min . For 
example , if an application called for implantation of five 
implants , then each implant 430 can be configured to have 
a flow rate of about 0 . 5 uL / min . 
[ 0208 ] While the lumen 436 is depicted in FIG . 4 as 
extending substantially through the longitudinal center of 
the implant 430 , in some embodiments , the lumen can be 
offset from the longitudinal center of the shunt . For example , 
while FIG . 4 depicts the implant 430 as having a tapered 
portion 444 that terminates substantially where the tapered 
portion 444 meets the lumen 436 , the lumen 436 can be 
offset from the center of the implant 430 such that lumen 436 
opens along one of the sides of the tapered portion 444 . 
Accordingly , the tapered portion 444 can terminate at a 
location offset from the lumen axis 442 and can extend 
beyond the point at which the interior lumen 436 and the 
exterior tapered portion 444 meet . Additionally , the lumen 
436 can vary in direction along its length . 
[ 0209 ] In some embodiments , the implant comprises one 
or more lumens or sub - lumens , as described further herein . 
In some embodiments , at least a first active drug is placed in 
at least one sub - lumen . The sub - lumen can have a closed 
distal end or can have an outlet located in or near the distal 
end to allow fluid to flow from the anterior chamber to the 
uveoscleral outflow pathway . In some embodiments , at least 
one sub - lumen does not contain any active drugs and is 
configured exclusively to allow fluid to drain from the 
anterior chamber to the uveoscleral outflow pathway . 
[ 0210 ] The implant 430 preferably comprises any of the 
materials described herein . The implant 430 can be fabri 
cated through conventional micro machining techniques or 
through procedures commonly used for fabricating optical 
fibers . For example , in some embodiments , the implant 430 
is drawn with a bore , or lumen , extending therethrough . In 
some embodiments , the tapered portion 444 at the outflow 
portion 434 can be constructed by shearing off an end 
tubular body . This can create a tapered portion 444 that can 
be used to puncture or incise the tissue during implantation 
and dilate the puncture or incision during advancement of 
the implant 430 . Other materials can be used for the implant 
430 of FIG . 4 , and other methods of manufacturing the 
implant 430 can also be used . For example , the implant 430 
can be constructed of metals or plastics , and the implants can 
be machined with a bore that is drilled as described above . 
[ 0211 ] The implant 430 of FIG . 4 represents an implant 
having a construction that provides for the opportunity to 
vary the size of the implant 430 or the lumen 436 . The 
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implant 430 also need not have a unitary configuration ; that 
is , be formed of the same piece of material . For example , a 
proximal portion of the implant can be formed of glass 
drawn to have at least one small diameter lumen . A distal 
portion of the implant can be a cap formed of a different 
material . The cap can include a tissue - piercing end and one 
or more outlet openings . Each of the one or more outlet 
openings communicates with at least one of the one or more 
lumens in the proximal portion . In one preferred mode , the 
cap has a conically shaped tip with a plurality of outlet 
openings disposed proximal of the tip ' s distal end . 
[ 0212 ] In some embodiments , the implant has a proximal 
end cap . For example , an O - ring cap with a region of drug 
release ( as discussed more fully herein and with reference to 
FIGS . 18K and 18M ) can be located over the proximal end 
of the implant to allow for drug elution into the anterior 
chamber of the eye . In other embodiments , a crimp cap 
comprising a region of drug release ( as discussed more fully 
herein and with reference to FIGS . 18L and 18N ) is located 
over the proximal end of the implant . Regions of the crimp 
cap can be compressible such that the cap can be securely 
placed on , and sealed to , the body of the implant . The 
regions of drug release are further permeable to aqueous 
humor to allow for drainage of aqueous humor from the 
anterior chamber and through the lumen of the implant . In 
some embodiments , the cap comprises one or more orifices 
or layers in place of , or in addition to , regions of drug release 
based on thickness and / or permeability of the cap material . 
The one or more orifices or layers can be permeable to 
aqueous humor to allow for drainage from the anterior 
chamber . In some embodiments , a coating is placed within 
the cap to cover an orifice therein . The coating may comprise 
a membrane or layer of semi - permeable polymer . In some 
embodiments , the coating has a defined thickness , and thus 
a defined and known permeability to various drugs and 
ocular fluid . In some embodiments , the coating is placed in 
other locations , including on the exterior of the cap , within 
the orifice , or combinations thereof . 
0213 ] In some embodiments , the implant is formed with 
one or more dividers positioned longitudinally within the 
outer shell , creating multiple additional sub - lumens within 
the interior lumen of the shell . The divider ( s ) can be of any 
shape ( e . g . rectangular , cylindrical ) or size that fits within 
the implant so as to form two or more sub - lumens , and may 
be made of the same material or a different material than the 
outer shell , including one or more polymers , copolymers , 
metal , or combinations thereof . In one embodiment , a 
divider is made from a biodegradable or bioerodible mate 
rial . The multiple sub - lumens may be in any configuration 
with respect to one another . In some embodiments , a single 
divider may used to form two sub - lumens within the implant 
shell . See e . g . , FIG . 13A . In some embodiments , the two 
sub - lumens are of equal dimension . In other embodiments 
the divider may be used to create sub - lumens that are of 
non - equivalent dimensions . In still other embodiments , mul 
tiple dividers may be used to create two or more sub - lumens 
within the interior of the shell . In some embodiments the 
lumens may be of equal dimension . See , e . g . FIG . 13B . 
Alternatively , the dividers may be positioned such that the 
sub - lumens are not of equivalent dimension . 
[ 0214 ] In some embodiments , one or more of the sub 
lumens formed by the dividers may traverse the entire length 
of the implant . In some embodiments , one or more of the 
sub - lumens may be defined of blocked off by a transversely , 

or diagonally placed divider or partition . The blocked off 
sub - lumens may be formed with any dimensions as required 
to accommodate a particular dose or concentration of drug . 
0215 ] . In some embodiments comprising a shunt , one or 
more lumens extend through the shunt to form at least a 
portion of the flow path . Preferably , there is at least one 
lumen that operates to conduct the fluid through the shunt . 
Each lumen preferably extends from an inflow end to an 
outflow end along a lumen axis . In some embodiments the 
lumen extends substantially through the longitudinal center 
of the shunt . In other embodiments , the lumen can be offset 
from the longitudinal center of the shunt . 
[ 0216 ] In other embodiments , the implant is formed as a 
combination of one or more tubular shell structures 54 that 
are substantially impermeable to ocular fluids that are nested 
within one another to form a “ tube within a tube ” design , as 
shown in FIG . 13C . In alternative embodiments , a cylindri 
cal divider is used to partition the interior of the implant into 
nested “ tubes . " In such embodiments , a coating 60 , which 
can optionally be polymer based , can be located in or on the 
tubular implant . In such embodiments , at least a first interior 
lumen 58 is formed as well as an ocular fluid flow lumen 70 . 
In some embodiments , the ocular fluid flow lumen 70 is 
centrally located . In other embodiments , it may be biased to 
be located more closely to the implant shell . In still other 
embodiments , additional shell structures are added to create 
additional lumens within the implant . Drugs 62 may be 
positioned within one or more of said created lumens . 
Orifices or regions of drug release may be placed as neces 
sary to allow ocular fluid to contact the therapeutic agent . In 
certain embodiments the coating is placed on the outer 
surface of the outer shell . In certain embodiments , two or 
more biodegradable coatings are used on a single implant , 
with each coating covering a separate or overlapping portion 
of the implant . In those embodiments employing biodegrad 
able coatings , each coating optionally has a unique rate of 
biodegradation in ocular fluid . 
[ 0217 ] In some embodiments , a wick 82 is included in the 
implant ( FIG . 14 ) . The wick may take any form that assists 
in transporting ocular fluid from the external side of the 
device to an interior lumen more rapidly than would be 
achieved through the orifices of regions of drug release 
alone . While FIG . 14 depicts a wick passing through an 
orifice , it shall be appreciated that an implant having only 
regions of drug release are also capable of employing a 
wick . In such embodiments a wick may be positioned to pass 
through the outer shell during the manufacture of the 
implant such that an orifice is not created . In some embodi 
ments , a fiber is positioned in an orifice or through the outer 
shell such a portion of the wick lies adjacent to the drug 
within the lumen of the implant . In other embodiments , the 
drug is formed around the wick , so that ocular fluid is 
delivered directly to an interior portion of the agent . In still 
other embodiments , one or more wicks are used as described 
above , thus allowing dissolution of the agent from the 
exterior and interior portions of the pellet or mass of drug . 
[ 0218 ] FIG . 15 shows a cross sectional schematic of one 
embodiment of an implant in accordance with the descrip 
tion herein and further comprising a retention protrusion 359 
for anchoring the implant to ocular tissue . While depicted in 
FIG . 15 , and other Figures , as having the distal portion being 
the implant end and the proximal portion being the retention 
protrusion 359 end , in some embodiments , depending on the 
site and orientation of implantation , the distal portion and 
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proximal portion may be reversed relative to the orientation 
in FIG . 15 . Additionally , while the illustrated implant depicts 
the presence of orifices that pass through the outer shell , it 
shall be appreciated that embodiments of the implants 
comprising regions of drug release based on thickness 
and / or permeability of the shell material can also be used in 
conjunction with a retention feature . Moreover , implants 
comprising combinations of one or more orifices , one or 
more layers of permeable and / or semi - permeable material , 
and one or more areas of drug release based on thickness 
and / or permeability of the shell material are used in several 
embodiments . 
[ 0219 ] In several embodiments , implants comprise a sheet 
400 and a retention protrusion 359 . See FIG . 16 . In some 
embodiments , the sheet is not joined to a retention protru 
sion . The sheet can be made of any biocompatible material , 
including but not limited to , polymers , fibers , or composite 
materials . In some embodiments , the sheet is compounded 
with one or more therapeutic agent ( s ) . In some embodi 
ments , the sheet is coated with a material that is com 
pounded with one or more therapeutic agents . In other 
embodiments , a sheet compounded with a first therapeutic 
agent is coated with a material compounded with a second 
therapeutic agent , a different concentration of the first thera 
peutic agent , or an auxiliary agent . In some embodiments the 
sheet is biodegradable , while in others it is not . In other 
embodiments , a disc 402 ( FIG . 17 ) is used in place of a 
sheet . In several embodiments , the sheet or disc is flexible . 
[ 0220 ] For delivery of some embodiments of the sheet or 
disc implants , the sheets or discs are dimensioned such that 
they can be rolled , folded , or otherwise packaged within a 
delivery instrument . In some embodiments , the entire 
implant is flexible . In some embodiments , the implant is 
pre - curved or pre - bent , yet still flexible enough to be placed 
within a non - curved lumen of a delivery apparatus . In some 
embodiments the flexible sheets or discs have thicknesses 
ranging from about 0 . 01 mm to about 1 . 0 mm . Preferably , 
the delivery instrument has a sufficiently small cross section 
such that the insertion site self seals without suturing upon 
withdrawal of the instrument from the eye , for example an 
outer dimension preferably no greater than about 18 gauge 
and is not smaller than about 27 or 30 gauge . In such 
embodiments , the rolled or folded sheets or discs can return 
to substantially their original dimensions after attachment to 
the ocular tissue and withdrawal of the delivery instrument . 
In certain embodiments , thicknesses of about 25 to 250 
microns , including about 50 to 200 microns , about 100 to 
150 microns , about 25 to 100 microns , and about 100 to 250 
microns are used . 
[ 0221 ] The implant is dimensioned , in some embodi 
ments , to be affixed ( e . g . , tethered ) to the iris and float within 
the aqueous of the anterior chamber . In this context , the term 
“ float " is not meant to refer to buoyancy of the implant , but 
rather that the sheet surface of the implant is movable within 
ocular fluid of the anterior chamber to the extent allowed by 
the retention protrusion . In certain embodiments , such 
implants are not tethered to an intraocular tissue and are free 
floating within the eye . In certain embodiments , the implant 
can be adhesively fixed to the iris with a biocompatible 
adhesive . In some embodiments , a biocompatible adhesive 
may be pre - activated , while in others , contact with ocular 
fluid may activate the adhesive . Still other embodiments 
may involve activation of the adhesive by an external 
stimulus , after placement of the implant , but prior to with 

drawal of the delivery apparatus . Examples of external 
stimuli include , but are not limited to heat , ultrasound , and 
radio frequency , or laser energy . In certain embodiments , 
affixation of the implant to the iris is preferable due to the 
large surface area of the iris . In other embodiments , the 
implant is flexible with respect to a retention protrusion 
affixed to the iris , but is not free floating . Embodiments as 
disclosed herein are affixed to the iris in a manner that allows 
normal light passage through the pupil . 
[ 0222 ] As discussed above , several embodiments dis 
closed herein employ multiple materials of varying perme 
ability to control the rate of drug release from an implant . 
FIGS . 18A - 18Q depict additional implant embodiments 
employing materials with varied permeability to control the 
rate of drug release from the implant . FIG . 18A shows a top 
view of the implant body 53 depicted in FIG . 18B . The 
implant body 53 comprises the outer shell 54 and retention 
protrusion 359 . While not explicitly illustrated , it shall be 
appreciated that in several embodiments , implants compris 
ing a body and a cap are also constructed without a reten 
tions protrusion . FIG . 18C depicts an implant cap 53a , 
which , in some embodiments , is made of the same material 
as the outer shell 54 . In other embodiments , the cap 53 is 
made of a different material from the outer shell . A region of 
drug release 56 is formed in the cap through the use of a 
material with permeability different from that of the shell 54 . 
It shall also be appreciated that implants comprising a body 
and a cap ( and optionally a retention protrusion ) may be 
constructed with orifices through the body or the cap , may 
be constructed with layers or coatings of permeable or 
semi - permeable material covering all or a portion of any 
orifices , and may also be constructed with combinations of 
the above and regions of drug release based on thickness 
and / or permeability of the shell material . See 18E - 18F . 
[ 0223 ] FIGS . 18G - 18J depict assembled implants accord 
ing to several embodiments disclosed herein . The implant 
body 53 is joined with the implant cap 53a , thereby creating 
a lumen 58 which is filled with a drug 62 . In some embodi 
ments , the material of the implant body 54 differs from that 
of the cap 54a . Thus , the assembly of a cap and body of 
differing materials creates a region of drug release 56 . 
[ 0224 ] Additional non - limiting embodiments of caps are 
shown in FIGS . 18K and 18L . In FIG . 18K , an O - ring cap 
53a with a region of drug release 56 is shown in cross 
section . In other embodiments there may be one or more 
regions of drug release in the cap . An o - ring 99 ( or other 
sealing mechanism ) is placed around the cap such that a fluid 
impermeable seal is made between the cap and the body of 
the implant when assembled . In FIG . 18L , a crimp cap is 
shown . The outer shell of the cap comprises regions that are 
compressible 98 such that the cap is securely placed on , and 
sealed to , the body of the implant . As discussed above , 
certain embodiments employ orifices and layers in place of , 
or in addition to regions of drug release based on thickness 
and / or permeability of the shell material . FIG . 18M depicts 
an O - ring cap 53a shown in cross - section . A coating 60 is 
placed within the outer shell 54 of the cap and covering an 
orifice 56a . In other embodiments there may be one or more 
orifices in the cap . In some embodiments , the coating 60 
comprises a membrane or layer of semi - permeable polymer . 
In some embodiments , the coating 60 has a defined thick 
ness , and thus a defined and known permeability to various 
drugs and ocular fluid . In FIG . 18N , a crimp cap comprising 
an orifice and a coating is shown . While the coatings are 
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shown positioned within the caps , it shall be appreciated that 
other locations are used in some embodiments , including on 
the exterior of the cap , within the orifice , or combinations 
thereof ( See FIG . 180 ) . 
[ 0225 ] Additionally , as shown in FIGS . 18P and 18Q , in 
certain embodiments , coatings are employed within the drug 
material such that layers are formed . Coatings can separate 
different drugs 62a , 62b , 620 , 62d within the lumen ( FIG . 
18P ) . In certain embodiments , coatings are used to separate 
different concentration of the same drug ( FIG . 18Q ) . It shall 
be appreciated that such internal layers are also useful in 
embodiments comprising regions of drug release ( either 
alone or in combination with other drug release elements 
disclosed herein , e . g . , orifices ) . In certain embodiments , the 
layers create a particularly desired drug elution profile . For 
example , use of slow - eroding layers is used to create periods 
of reduced drug release or drug “ holidays . ” Alternatively , 
layers may be formulated to create zero order ( or other 
kinetic profiles ) as discussed in more detail below . 
022 ] . In each of the embodiments depicted in the Fig 
ures , as well as other embodiments , the coatings or outer 
layers of shell material may be formed by spraying , dipping , 
or added by some other equivalent means known in the art . 
Thus , in some embodiments , the permeability of the region 
of drug release or layer ( s ) covering an orifice ( and hence the 
elution rate ) will be at least partially defined by the materials 
used in manufacturing the implant , the coatings ( if any ) on 
the implant , and the effective thickness of implant outer 
shell . 
[ 0227 ] Additionally , in several embodiments , one or more 
portions of the implant are manufactured separately , then 
combined for a final implant that is ready for insertion to a 
target site ( e . g . , an assembled cap and implant shell ) . As 
shown , for example , in FIG . 18R , the implant 53 , in several 
embodiments , comprises an implant shell 54 , a separate cap 
54a ( which is shown for clarity in a different shade , but is 
optionally constructed of the same or of different material as 
compared to the implant shell ) . Any of the various cap 
configurations can be used with any of the implant shells 
( adjusting , of course , for dimensions that allow interaction 
between the components ) . As shown in FIG . 18R , the cap 
54a comprises a central aperture , thereby creating a region 
of drug release 56 . In several embodiments , the assembly of 
certain such embodiments exploit the elastic or semi - elastic 
characteristics of the membrane 60 through which the drug 
( or drugs ) housed within the implant will elute . Advanta 
geously , in several embodiments , the elastic properties of the 
membrane 60 allow the cap of an implant to be press fit onto 
the implant shell , and then retained by the pressure provided 
against the cap by the elastic rebound of the membrane ( e . g . , 
a " self - lock ” feature ) . Thus , the membrane 60 , in several 
embodiments , not only serves to define the release rate of the 
drug ( or drugs ) , it also functions as a gasket to seal the 
interior portions of the implant from the outer environment , 
thus limiting the fluid communication between interior and 
exterior portions to that occurring through the membrane 60 . 
As discussed in more detail below with respect to the 
possible materials from which the outer shell is constructed , 
the membrane 60 is ( depending on the embodiment ) con 
structed of similar materials , or combinations thereof . For 
example , the membrane 60 , in one embodiment , comprises 
ethyelene vinyl acetate , while in another embodiment , the 
membrane comprises silicone or other partially or semi 
permeable materials material , homopolymers , polymer 

blends and copolymers , such as random copolymers and 
block copolymers , polyethylene , polyurethane , polyether 
sulfone , polyamide , poly ( carbonate urethane ) , poly ( ether 
urethane ) , silicone poly ( carbonate urethane ) , silicone poly 
( ether urethane ) , PurSilTM ElasthaneTM , CarboSilTM and / or 
BionateTM The selection of the membrane material and its 
dimensions ( e . g . , its thickness ) are derived , at least in part , 
by the therapeutic agent of choice . 
[ 0228 ] FIG . 18S depicts an exploded view of one embodi 
ment of the implants disclosed herein . The implant 53 
comprises , for example , a retention protraction 459 at one 
end in order to anchor the implant into a target tissue . The 
implant comprises at least one internal lumen 58 to house a 
therapeutic agent ( or agents ) . As discussed above , the 
implant further comprises a cap 54a and an membrane 60 , 
which when assembled together create a region of drug 
release 56 that is tailored ( based on the membrane ) to a 
particular therapeutic drug ( or drugs ) of interest . 
[ 02291 . In various embodiments , the thickness of the mem 
brane 60 ( taken in conjunction with the particular therapeu 
tic agent or agents of choice ) ranges from about 30 to about 
200 um in thickness , including about 30 to about 200 um , 
about 50 to about 200 um , about 70 to about 200 um , about 
90 to about 200 um , about 30 to about 100 um , about 30 to 
about 115 um , about 50 to about 125 um , about 63 to about 
125 um , about 84 to about 110 um , about 57 to about 119 
um , and overlapping ranges thereof . In several embodi 
ments , the thickness of the membrane 60 also defines , at 
least in part , the elution rate of the drug ( or drugs ) of interest . 
[ 0230 ] As discussed herein , the elution rate of the drug is 
controlled , depending on the embodiment , to allow drug 
release over a desired time frame . For example , in several 
embodiments , the duration drug release , depending on the 
embodiment , ranges from several months to several years , 
e . g . , about 6 to about 12 months , about 12 to about 18 
months , about 18 to about 24 months , about 24 to about 30 
months , about 30 to about 36 months , etc . 
0231 ] FIG . 18T depicts another embodiment in which the 
implant 53 further comprises at least one inflow pathway 
38k and at least one fluid outflow pathway 56k . Other fluid 
inflow / outflow configurations are described in detail else 
where here ( e . g . , see FIGS . 19R - 19Y ) . As shown in FIG . 
18T , a retention protrusion 359 anchors the implant in the 
ocular tissue such that the implant rests at or near the 
trabecular meshwork 23 and the fluid outflow pathway 56k 
allows ocular fluid to be directed through the implant ( via 
fluid inflow pathway 38k ) and to a physiological outflow 
space , shown here as Schlemm ' s canal 22 . Similar to those 
embodiments described above , there is a region of drug 
release 56 which allows drug elution to a target tissue ( s ) of 
interest ) . It shall be appreciated that any of the various fluid 
inflow / outflow configurations can readily be adapted for use 
with any of the variety of implant bodies disclosed herein . 
Likewise , any of the retention protrusions are ready con 
figurable for use with any of the implant shells , depending 
on the target tissue , the drug to be delivered , the desired drug 
delivery duration , and the like . For example , while the 
implant shown in FIG . 18T is depicted as having a spike - like 
or barb - like retention protrusion , the implant can also be 
configured with , for example , a threaded region as depicted 
in FIG . 19C . 
[ 0232 ] FIG . 18U depicts a cross sectional view of one 
embodiment of an implant having fluid inflow 38K and fluid 
outflow pathways 56k . As shown , the implant comprises a 
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lumen 58 for containing drug to be delivered to a target 
tissue via elution through a membrane 60 and out of the 
implant via the region of drug release 56 . One embodiment 
of a cap structure 53a is shown , into which the membrane 60 
is integrated . To ensure that ocular fluid passes into the 
implant to dissolve drug ( and drug flows out of the implant ) 
only through the membrane 60 ( which ensures controlled 
release ) the cap 53 comprises a seal 99 . Similarly , to prevent 
intrusion of ocular fluid into the implant from the portion 
adjacent to the inflow pathway 38k , and additional lower 
seal 99a is placed distal to the drug containing lumen 58 . 
[ 0233 ] During manufacture of the implants of certain 
embodiments , one or more interior lumen 58 is formed 
within the outer shell of the implant . In some embodiments , 
an interior lumen is localized within the proximal portion of 
the implant , while in other embodiments , an interior lumen 
runs the entire length or any intermediate length of the 
implant . Some embodiments consist of a single interior 
lumen , while others comprise two or more interior lumens . 
In some embodiments , one or more of the internal lumens 
may communicate with an ocular chamber or region , e . g . , 
the anterior chamber . In some embodiments , implants are 
dimensioned to communicate with more than one ocular 
chamber or region . In some embodiments , both the proximal 
and the distal end of the implant are positioned within a 
single ocular chamber or region , while in other embodi 
ments , the ends of the implant are positioned in different 
ocular chambers or regions . 
( 0234 ) A drug 62 is housed within the interior lumen 58 of 
the implant . The drug 62 comprises a therapeutically effec 
tive agent against a particular ocular pathology as well as 
any additional compounds needed to prepare the drug in a 
form with which the drug is compatible . In some embodi 
ments , one or more of the internal lumens may contain a 
different drug or concentration of drug , which may be 
delivered simultaneously ( combination therapy ) or sepa 
rately . In some preferred embodiments , an interior lumen is 
sized in proportion to a desired amount of drug to be 
positioned within the implant . The ultimate dimensions of an 
interior lumen of a given embodiment are dictated by the 
type , amount , and desired release profile of the drug or drugs 
to be delivered and the composition of the drug ( s ) . 
0235 ] . In some embodiments , the drug is in the form of a 
drug - containing pellet , while in other embodiments , the drug 
is a liquid , a slurry , micro - pellets ( e . g . , micro - tablets ) or 
powder . In certain such embodiments , the form of the drug 
allows the implant to be flexible . In some embodiments the 
drug is compounded with a polymer formulation . In some 
embodiments , the drug positioned in the lumen is pure drug . 
In certain embodiments , the polymer formulation comprises 
a poly ( lactic - co - glycolic acid ) or PLGA co - polymer or 
other biodegradable or bioerodible polymer . In still other 
embodiments , the interior lumen contains only drug . 
[ 0236 ] In some embodiments , multiple pellets 62 of single 
or multiple drug ( s ) are placed within an interior lumen of the 
implant . In some embodiments an impermeable partition 64 
is used to seal drug ( s ) within the lumen , such that the sole 
route of exit from the implant is through the region of drug 
release . In some embodiments , the impermeable partition 64 
may bioerode at a specified rate . In some embodiments , the 
impermeable partition 64 is incorporated into the drug pellet 
and creates a seal against the inner dimension of the shell of 
the implant 54 . In other embodiments , more than one 
impermeable partition is used within a lumen , thereby 

creating sub - lumens , which may contain different drugs , the 
same drug at a different concentration , or the same or 
another drug compounded with different excipients etc . In 
such embodiments , sequential drug release or release of two 
agents that are inert within the implant and active when 
co - mingled outside their respective sub - lumens may be 
achieved . 
10237 ] In some embodiments , the therapeutic agent is 
formulated as micro - pellets or micro - tablets . Additionally , 
in some embodiments , micro - tablets allow a greater amount 
of the therapeutic agent to be used in an implant . This is 
because , in some embodiments , tabletting achieves a greater 
density in a pellet than can be achieved by packing a device . 
Greater amounts of drug in a given volume may also be 
achieved by decreasing the amount of excipient used as a 
percentage by weight of the whole tablet , which has been 
found by the inventors to be possible when creating tablets 
of a very small size while retaining the integrity of the tablet . 
In some embodiments , the percentage of active therapeutic 
( by weight ) is about 70 % or higher . As discussed herein , the 
therapeutic agent can be combined with excipients or bind 
ers that are known in the art . In some embodiments , the 
percentage of therapeutic agent ranges from about 70 % to 
about 95 % , from about 75 to 85 % , from about 75 to 90 % , 
from about 70 to 75 % , from about 75 % to about 80 % from 
about 80 % to about 85 % , from about 85 % to about 90 % , 
from about 90 % to about 95 % , from about 95 % to about 
99 % , from about 99 % to about 99 . 9 % , and overlapping 
ranges thereof . In some embodiments , the percentage of 
therapeutic agent ranges from about 80 % to about 85 % , 
including 81 , 82 , 83 , and 84 % by weight . 
[ 0238 ] In several embodiments , micro - tablets provide an 
advantage with respect to the amount of an agent that can be 
packed , tamped , or otherwise placed into an implant dis 
closed herein . The resultant implant comprising micro 
tablets , in some embodiments , thus comprises therapeutic 
agent at a higher density than can be achieved with non 
micro - tablet forms . For example , in some embodiments , the 
density of the micro - pellet form of an agent within an 
implant ranges from about 0 . 7 g / cc to about 1 . 6 g / cc . In 
some embodiments , the density used in an implant ranges 
from about 0 . 7 g / cc to about 0 . 9 g / cc , from about 0 . 9 g / cc to 
about 1 . 1 g / cc , from about 1 . 1 g / cc to about 1 . 3 g / cc , from 
about 1 . 1 g / cc to about 1 . 5 g / cc , from about 1 . 3 g / cc to about 
1 . 5 g / cc , from about 1 . 5 g / cc to about 1 . 6 g / cc , and over 
lapping ranges thereof . In some embodiments , densities of 
therapeutic agent that are greater than 1 . 6 g / cc are used . 
[ 0239 ] As described herein , some embodiments of the 
devices disclosed herein are rechargeable , and as such , the 
size of micro - tablets is advantageous . In some embodiments , 
the loading and / or recharging of a device is accomplished 
with a syringe / needle , through which the therapeutic agent 
is delivered . In some embodiments , micro - tablets are deliv 
ered through a needle of about 23 gauge to about 32 gauge , 
including 23 - 25 gauge , 25 to 27 gauge , 27 - 29 gauge , 29 - 30 
gauge , 30 - 32 gauge , and overlapping ranges thereof . In 
some embodiments , the needle is 23 , 25 , 27 , 30 , or 32 gauge . 
In some embodiments , the micro - tablets may be introduced 
into the eye directly , such as into the vitreous cavity , using 
a syringe or cannula . 
[ 0240 ] In one embodiment , micro - tablets with the above 
properties , or any combination thereof , are made using 
known techniques in the art including tableting , lyophiliza 
tion , granulation ( wet or dry ) , flaking , direct compression , 
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molding , extrusion , and the like . Moreover , as discussed 
below , alterations in the above - discussed characteristics can 
be used to tailor the release profile of the micro - tableted 
therapeutic agent from an implant . 
[ 0241 ] In several embodiments , lyophilization of a thera 
peutic agent is used prior to the micro - pelleting process . In 
some embodiments , lyophilization improves the stability of 
the therapeutic agent once incorporated into a micro - tablet . 
In some embodiments , lyophilization allows for a greater 
concentration of therapeutic to be obtained prior to micro 
pelleting , thereby enhancing the ability to achieve the high 
percentages of active therapeutic agents that are desirable in 
some embodiments . For example , many commercially avail 
able therapeutic agents useful to treat ocular diseases are 
developed as first - line agents for other diseases . As such , 
their original formulation may not be suitable or ideal for 
micro - pelleting or for administration to an ocular target via 
an ocular implant such as those disclosed herein . For 
example , several anti - VEGF compounds are supplied as 
sterile liquid in single use vials meant to be administered 
intravenously ( e . g . , bevacizumab ) . As a result , such a liquid 
formulation is less preferred for formation of micro - pellets 
as compared to a solid , though a liquid therapeutic agent 
may optionally be used in some embodiments . To achieve 
micro - pelleting at high percentages of therapeutic agent , 
such liquid formulations may be frozen ( e . g . , stored at 
temperatures between - 20 and - 80 C for 16 to 24 hours or 
longer ) and then subject to lyophilization until dry . Alter 
natively , air spraying , crystallization , or other means may 
optionally be used to dry the therapeutic agent . 
[ 0242 ] Once dry , the lyophilized ( or otherwise dried ) 
therapeutic agent is optionally tested for purity . In some 
embodiments , solvents may be added to a liquid ( or solid ) 
formulation in order to dissolve and remove ( via evapora 
tion ) non - therapeutic components ( e . g . , excipients or inert 
binding agents ) . In some embodiments , a therapeutic agent 
is purified by conventional methods ( e . g . , antibody - based 
chromatography , HPLC , etc . ) prior to lyophilization . In such 
embodiments , lyophilization often functions to increase the 
concentration of the therapeutic agent in the recovered 
purified sample . 
[ 0243 ] In some embodiments , the dried therapeutic agent 
( which , for efficiency purposes is optionally dried in bulk ) is 
ground , sieved , macerated , freeze - fractured , or subdivided 
into known quantities by other means , and then micro 
pelleted . 
[ 0244 ] After lyophilization and or subdivision , the thera 
peutic agent is fed into a micro - pelleting process . In some 
embodiments , standard techniques ( e . g . , compression , 
extrusion , molding , or other means ) are used . However , in 
several embodiments employing high percentages of active 
therapeutic agent , more specialized techniques are used . 
0245 ] In several embodiments , the therapeutic agent is a 

protein , and in such embodiments , drying and / or tabletiza 
tion should be completed under conditions ( e . g . , tempera 
ture , acid / base , etc . ) that do not adversely affect the biologi 
cal activity of the therapeutic agent . To assist in maintenance 
of biological activity of micro - pelleted therapeutic agents , in 
some embodiments , protein therapeutics are formulated with 
a stabilizing agent ( e . g . , mannitol , trehalose , starch , or other 
poly - hydroxy polymer ) to maintain the structure ( and there 
fore activity ) of the therapeutic protein . 
[ 0246 ] FIGS . 19A - 19W illustrate embodiments of drug 
various embodiments of retention protrusions . As used 

herein , retention protrusion is to be given its ordinary 
meaning and may also refer to any mechanism or anchor 
element that allows an implant to become affixed , anchored , 
or otherwise attached , either permanently or transiently , to a 
suitable target intraocular tissue ( represented generally as 15 
in FIGS . 19A - 19G ) . For example , a portion of an implant 
that comprises a biocompatible adhesive may be considered 
a retention protrusion , as may barbs , barbs with holes , 
screw - like elements , knurled elements , and the like . In some 
embodiments , implants are sutured to a target tissue . For 
example , in some embodiments , implants are sutured to the 
iris , preferably the inferior portion . It should be understood 
that any retention means may be used with any illustrated 
( and / or described ) implant ( even if not explicitly illustrated 
or described as such ) . In some embodiments , implants as 
described herein are wedged or trapped ( permanently or 
transiently ) based on their shape and / or size in a particular 
desirable ocular space . For example , in some embodiments , 
an implant ( e . g . , a suprachoroidal stent ) is wedged within an 
ocular space ( e . g . , the suprachoroidal space ) based on the 
outer dimensions of the implant providing a sufficient 
amount of friction against the ocular tissue to hold the 
implant in place . 
10247 ] Intraocular targets for anchoring of implants 
include , but are not limited to the fibrous tissues of the eye . 
In some embodiments , implants are anchored to the ciliary 
muscles and / or tendons ( or the fibrous band ) . In some 
embodiments , implants are anchored into Schlemm ’ s canal , 
the trabecular meshwork , the episcleral veins , the iris , the 
iris root , the lens cortex , the lens epithelium , the lens 
capsule , the sclera , the scleral spur , the choroid , the supra 
choroidal space , the anterior chamber wall , or disposed 
within the anterior chamber angle . As used herein , the term 
“ suprachoroidal space ” shall be given its ordinary meaning 
and it will be appreciated that other potential ocular spaces 
exist in various regions of the eye that may be encompassed 
by the term " suprachoroidal space . ” For example , the supra 
choroidal space located in the anterior region of the eye is 
also known as the supraciliary space , and thus , in certain 
contexts herein , use of “ suprachoroidal space ” shall be 
meant to encompass the supraciliary space . 
[ 0248 ] The retention protrusions may be formulated of the 
same biocompatible material as the outer shell . In some 
embodiments the biodegradable retention protrusions are 
used . In alternate embodiments , one or more of the retention 
protrusions may be formed of a different material than the 
outer shell . Different types of retention protrusions may also 
be included in a single device . 
[ 0249 ] In some embodiments , see for example FIG . 19A , 
the retention protrusion 359 may comprise a ridged pin 126 
comprising a ridge 128 or series of ridges formed on the 
surface of a base portion 130 . Such ridges may be formed in 
any direction on the surface of the implant including , but not 
limited to , biased from the long axis of the implant , spiraling 
around the implant , or encircling the implant ( see , e . g . FIG . 
19B ) . Likewise , the ridges may be distinct or contiguous 
with one another . Other anchoring elements may also be 
used , such as raised bumps ; cylinders ; deep threads 134 , as 
shown in FIG . 19C ; ribs 140 , as shown in FIG . 19D ; a rivet 
shaped base portion 146 , as shown in FIG . 19E ; biocom 
patible adhesive 150 encircling the retention element 359 
where it passes through an ocular tissue , as shown in FIG . 
19F ; or barbs 170 , as shown in FIG . 19G . In some embodi 
ments , the retention protrusion is positioned within a pre 



US 2018 / 0193189 A9 Jul . 12 , 2018 
25 

existing intraocular cavity or space , shown generally as 20 . 
For example , as depicted in FIG . 19H , an elongated blade 34 
resides within Schlemm ’ s canal 22 and is attached to a base 
portion 130 that traverses the trabecular meshwork 21 . In 
other embodiments , as depicted in FIG . 191 , based on the 
dimensions of intraocular spaces , which are well - known in 
the art , a shorter base 130a is used and attached to the 
elongated blade 34 residing within Schlemm ' s canal 22 . 
[ 0250 ] In certain embodiments , an expandable material 
100 is used in conjunction with or in place of a physical 
retention protrusion . For example , in FIG . 19 ) , the base 130 
is covered , in particular areas , with an expandable material 
100 . Upon contact with an appropriate solvent , which 
includes ocular fluid , the material expands ( as depicted by 
the arrows ) , thus exerting pressure on the surrounding tissue , 
for example the trabecular meshwork 21 and base of 
Schlemm ' s canal 22 in FIG . 19J . 
( 0251 ) In some embodiments , an external stimulus is used 
to induce the expansion of the expandable material 100 . As 
depicted in FIG . 19K , the base 130 is covered , in particular 
areas , with an expandable material 100 . Upon stimulation by 
an external stimuli hv , the material expands ( as depicted by 
the arrows ) , thus exerting pressure on the surrounding tissue , 
for example the trabecular meshwork 21 and base of 
Schlemm ' s canal 22 in FIG . 19K . Suitable external stimuli 
include , but are not limited to , light energy , electromagnetic 
energy , heat , ultrasound , radio frequency , or laser energy . 
[ 0252 ] In several other embodiments , the expandable 
material 100 , is coated or layered on the outer shell 54 , 
which expands in response to contact with a solvent . See 
FIGS . 19L - 19Q . In some embodiments , once the implant is 
fully positioned within the desired intraocular space , contact 
with bodily fluid causes the expandable material to swell , 
solidify or gel , or otherwise expand . ( Compare dimension D 
to D , in FIGS . 19L - 19Q ) . As a result , the expanded material 
exerts pressure on the surrounding ocular tissue , which 
secures in the implant in position . 
[ 0253 ] In some embodiments , the expanding material fills 
any voids between the implant shell and the surrounding 
intraocular tissue . In some such embodiments , the expanded 
material seals one portion of the implant off fills or otherwise 
seals the volume around the implant outer shell such that 
fluid is prevented from flowing around the implant , and must 
flow through the implant . 
[ 0254 ] In other embodiments , such as those schematically 
depicted in FIGS . 19P and 190 , the expandable material 100 
is positioned on selected areas of the implant shell 54 , such 
that the expanded material exerts pressure on the surround 
ing ocular tissue , but also maintains the patency of a natural 
ocular fluid passageway by the creation of zones of fluid 
flow 102 around the implant shell and expandable material . 
In still other embodiments , the expandable material can be 
positioned within the lumen of the implant , such that the 
expansion of the material assists or causes the lumen to be 
maintained in a patent state . 
[ 0255 ] The expandable material can be positioned on the 
implant by dipping , molding , coating , spraying , or other 
suitable process known in the art . 
[ 0256 ] In some embodiments , the expandable material is a 
hydrogel or similar material . Hydrogel is a three - dimen 
sional network of cross - linked , hydrophilic polymer chains . 
The hydrophilicity of the polymer chains causes the hydro 
gel to swell in the presence of sufficient quantities of fluid . 
In other embodiments , the expandable material is foam , 

collagen , or any other similar biocompatible material that 
swells , solidifies or gels , or otherwise expands . In some 
embodiments , the expandable material begins to expand 
immediately on contact with an appropriate solvent . In other 
embodiments , expansion occurs after passage of a short 
period of time , such that the implant can be fully positioned 
in the desired target site prior to expansion of the material . 
Preferred solvents that induce expansion include water , 
saline , ocular fluid , aqueous humor , or another biocompat 
ible solvents that would not affect the structure or perme 
ability characteristics of the outer shell . 
[ 0257 ] The expansion of the expandable material is varied 
in several embodiments . In some embodiments , as described 
above , the material is positioned on the outer shell of 
implant such that the expanded material exerts pressure on 
the surrounding ocular tissue , thereby securing the implant 
in position . In other embodiments , the expandable material 
may be placed adjacent to , surrounding , or under another 
anchoring element ( such as those described above ) , such 
that the expansion of the expandable material causes the 
anchoring element to move from a first , retracted state to a 
second , expanded state wherein the anchoring element 
anchors the implant against an ocular structure in the 
expanded state . In some embodiments , the expandable mate 
rial is designed to expand only in two dimensions , while in 
other embodiments , the material expands in three dimen 
sions . 
[ 0258 ] Although FIGS . 19L and 19M depict the expand 
able material as rectangular in cross - section , it will be 
appreciated that the cross - sectional shape can vary and may 
include circular , oval , irregular , and other shapes in certain 
embodiments . The relative expansion ( change from dimen 
sion D to D , ) of the material is also controlled in several 
embodiments . In certain embodiments the D to D , change is 
greater than in other embodiments , while in some embodi 
ments , a smaller D to D , change is realized upon expansion 
of the material . 
[ 0259 ] FIGS . 19P and 19Q show side views of an implant 
having expandable anchoring elements 100 comprising pro 
jections extending radially outward from the body of the 
implant . In some such embodiments , the anchoring elements 
are individually connected to the implant body , while in 
other embodiments , they are interconnected by a sheath 
region that mounts over the implant body . 
[ 0260 ] In selected embodiments , the implant and / or the 
retention protrusion additionally includes a shunt feature . 
The term " shunt ” as used herein is a broad term , and is to be 
given its ordinary and customary meaning to a person of 
ordinary skill in the art ( and it is not to be limited to a special 
or customized meaning ) , and refers without limitation to the 
portion of the implant defining one or more fluid passages 
for transport of fluid from a first , often undesired location , to 
one or more other locations . The term “ stent ” may also be 
used to refer to a shunt . In some embodiments , the shunt can 
be configured to provide a fluid flow path for draining 
aqueous humor from the anterior chamber of an eye to an 
outflow pathway to reduce intraocular pressure , for example , 
as in FIGS . 19R - 19T . In still other embodiments , the shunt 
feature of the implant may be positioned in any physiologi 
cal location that necessitates simultaneous drug delivery and 
transport of fluid from a first physiologic site to a second site 
( which may be physiologic or external to a patient ) . 
0261 ] The shunt portion of the implant can have an inflow 
portion 38k and one or more outflow portions 56k . In some 
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embodiments , the inflow and outflow portions are positioned 
at various locations on the implant depending on the physi 
ological space in which they are to be located . As shown in 
FIG . 19R , the outflow portion may be disposed at or near the 
proximal end 52 of the implant . When the implant is 
deployed , the inflow portion may be sized and configured to 
reside in the anterior chamber of the eye and the outflow 
portion may be sized and configured to reside within the 
trabecular meshwork 23 or Schlemm ' s canal 22 . In other 
embodiments , the outflow portion may be sized and config 
ured to reside in the supraciliary region of the uveoscleral 
outflow pathway , the suprachoroidal space , other part of the 
eye , or within other physiological spaces amenable to fluid 
deposition . 
[ 0262 ] At least one lumen can extend through the shunt 
portion of the implant . In some embodiments , there is at 
least one lumen that operates to conduct the fluid through the 
shunt portion of the implant . In certain embodiments , each 
lumen extends from an inflow end to an outflow end along 
a lumen axis . In some embodiments the lumen extends 
substantially through the longitudinal center of the shunt . In 
other embodiments , the lumen can be offset from the lon 
gitudinal center of the shunt . 
[ 0263 ] As discussed above , in some embodiments , a com 
pressed pellet of drug not coated by an outer shell 62 is 
attached or otherwise coupled to an implant comprising a 
shunt and a retention feature . As depicted in FIG . 19T , the 
shunt portion of the implant comprises one or more inflow 
portions 38k and one or more outflow portions 56k . In some 
embodiments , the inflow portions are positioned in a physi 
ological space that is distinct from the outflow portions . In 
some embodiments , such a positioning allows for fluid 
transport from a first location to a second location . For 
example , in some embodiments , when deployed intraocu 
larly , the inflow portions are located in the anterior chamber 
and the outflow portions are located in Schlemm ' s canal 22 . 
In this manner , ocular fluid that accumulates in the anterior 
chamber is drained from the anterior chamber into 
Schlemm ' s canal , thereby reducing fluid pressure in the 
anterior chamber . In other embodiments , the outflow portion 
may be sized and configured to reside in the supraciliary 
region of the uveoscleral outflow pathway , the suprachoroi 
dal space , other part of the eye , or within other physiological 
spaces amenable to fluid deposition . 
[ 0264 ] Additional embodiments comprising a shunt may 
be used to drain ocular fluid from a first location to different 
location . As depicted in FIG . 19U , a shunt 30p directs 
aqueous from the anterior chamber 20 directly into a col 
lector channel 29 which empties into aqueous veins . The 
shunt 30p has a distal end 160 that rests against the back wall 
of Schlemm ' s canal . A removable alignment pin 158 is 
utilized to align the shunt lumen 42p with the collector 
channel 29 . In use , the pin 158 extends through the implant 
lumen and the shunt lumen 42p and protrudes through the 
base 160 and extends into the collector channel 29 to center 
and / or align the shunt 30p over the collector channel 29 . The 
shunt 30p is then pressed firmly against the back wall 92 of 
Schlemm ’ s canal 22 . A permanent bio - glue 162 is used 
between the shunt base and the back wall 92 of Schlemm ' s 
canal 22 to seat and securely hold the shunt 30p in place . 
Once positioned , the pin 158 is withdrawn from the shunt 
and implant lumens 42p to allow the aqueous to flow from 
the anterior chamber 20 through the implant , through the 
shunt , and into the collector duct 29 . The collector ducts are 

nominally 20 to 100 micrometers in diameter and are 
visualized with a suitable microscopy method ( such as 
ultrasound biomicroscopy ( UBM ) or laser imaging to pro 
vide guidance for placement of the shunt 30p . In another 
embodiment , the pin 158 is biodegradable in ocular fluid , 
such that it need not be manually removed from the implant . 
[ 0265 ] In some embodiments , the shunt 30p is inserted 
through a previously made incision in the trabecular mesh 
work 23 . In other embodiments , the shunt 30p may be 
formed with blade configuration to provide self - trephining 
capability . In these cases , the incision through the trabecular 
meshwork 23 is made by the self - trephining shunt device 
which has a blade at its base or proximate to the base . 
[ 0266 ] As shown in FIG . 19V , a shunt extending between 
an anterior chamber 20 of an eye , through the trabecular 
meshwork 23 , and into Schlemm ' s canal 22 of an eye can be 
configured to be axisymmetric with respect to the flow of 
aqueous therethrough . For example , as shown in FIG . 19V , 
the shunt 229A comprises an inlet end 230 configured to be 
disposed in the anterior chamber 20 and associated with a 
drug delivery implant in accordance with embodiments 
disclosed herein . For clarity of the shunt feature , the implant 
is not shown . The second end 231 of the shunt 229A is 
configured to be disposed in Schlemm ' s canal 22 . At least 
one lumen 239 extends through the shunt 229 A between the 
inlet and outlet ends 230 , 232 . The lumen 239 defines an 
opening 232 at the inlet end 230 as well as an outlet 233 at 
the outlet end 231 . 
[ 0267 ] In the illustrated embodiment , an exterior surface 
238 of the shunt 229 A is cone - shaped . Thus , a circumference 
of the exterior surface 238 adjacent to the inlet end 230 is 
smaller than the circumference of the outer surface 238 at 
the outlet end 231 . 
[ 0268 ] With the shunt 229A extending through the trabe 
cular meshwork 23 , the tissue of the trabecular meshwork 23 
provides additional anchoring force for retaining the shunt 
229 A with its inlet end 230 in the anterior chamber and its 
outlet end 231 in Schlemm ' s canal . For example , the trabe 
cular meshwork 23 would naturally tend to close an aperture 
occupied by the shunt 229A . As such , the trabecular mesh 
work 23 would tend to squeeze the shunt 229A . Because the 
exterior surface 238 is conical , the squeezing force applied 
by the trabecular meshwork 23 would tend to draw the shunt 
229 A towards Schlemm ' s canal 22 . In the illustrated 
embodiment , the shunt 229A is sized such that a portion 234 
of the shunt 229 adjacent to the inlet end 230 remains in the 
anterior chamber 20 while a portion 235 of the shunt 229 
adjacent to the outlet end 231 remains in Schlemm ' s canal 
22 . 
[ 0269 ] In the illustrated embodiment , the outer surface 
238 of the shunt 229A is smooth . Alternatively , the outer 
surface 238 can have other contours such as , for example , 
but without limitation curved or stepped . In one embodi 
ment , the outer surface 238 can be curved in a concave 
manner so as to produce a trumpet - like shape . Alternatively , 
the outer surface 238 can be convex . 
[ 0270 ] In certain embodiments , the shunt 229 A preferably 
includes one or plurality of posts or legs 236 configured to 
maintain a space between the outlet opening 233 and a wall 
of Schlemm ' s canal 22 . As such , the legs 236 prevent a wall 
of Schlemm ' s canal from completely closing off the outlet 
opening 233 of the shunt 229A . In the illustrated embodi 
ment , the legs 236 are coupled to the distal - most surface of 
the shunt 229A and are substantially parallel to an implant 
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axis extending through the shunt 229A and between the 
anterior chamber 20 and Schlemm ' s canal 22 . 
10271 ] This arrangement of the legs 236 and the outlet 233 
imparts an axisymmetric flow characteristic to the shunt 
229A . For example , aqueous can flow from the outlet 233 in 
any direction . Thus , the shunt 229A can be implanted into 
Schlemm ' s canal at any angular position relative to its 
implant axis . Thus , it is not necessary to determine the 
angular orientation of the shunt 229A prior to implantation , 
nor is it necessary to preserve a particular orientation during 
an implantation procedure . 
[ 0272 ] FIG . 19W illustrates a modification of the shunt 
229A , identified generally by the reference numeral 229B . 
In this embodiment , the shunt 229B includes a flange 237 
extending radially from the portion 234 . Preferably , the 
flange 237 is configured to retain the first portion 234 within 
the anterior chamber 20 . It is to be recognized that although 
generally , aqueous will flow from the anterior chamber 20 
towards Schlemm ' s canal 22 , the shunt 229A , 229B or any 
of the above - described shunts as well as other shunts 
described below , can provide for omni - directional flow of 
aqueous . 
[ 0273 ] FIG . 19X illustrates another modification of the 
shunt 229A , identified generally by the reference numeral 
229C . In this embodiment , the outer surface 238C is not 
conical . Rather , the outer surface 238C is cylindrical . The 
shunt 229C includes a flange 240 that can be the same size 
and shape as the flange 237 . The legs 236C extend from the 
flange 240 . 
[ 0274 ] Constructed as such , the natural tendency of the 
tissue of the trabecular meshwork 21 to close the hole in 
which the shunt 229C is disposed , aids in anchoring the 
shunt 229C in place . Additionally , the legs 236C aid in 
preventing the walls of Schlemm ’ s canal from completely 
closing the outlet 233C of the lumen 239C . 
[ 0275 ] With reference to FIG . 19Y , another embodiment 
of an axisymmetric trabecular shunting device is illustrated 
therein and identified generally by the reference numeral 
229F . 
[ 0276 ] The shunt 229F comprises an inlet ( proximal ) 
section having a first flange 240F , an outlet ( distal ) section 
having a second flange 237F and a middle section 284 
connecting the inlet section and the outlet section . A lumen 
239F of the device 229F is configured to transport aqueous , 
liquid , or therapeutic agents between the inlet section and 
the outlet section . 
[ 0277 ] The inlet section of the shunt 229F has at least one 
inlet opening 286 and the outlet section comprises at least 
one outlet opening 287 . In some embodiments , the inlet 
opening 286 is directly associated with the proximal end of 
an implant , such that ocular fluid flowing through a lumen 
of the implant passes into the lumen 239F of the shunt . In 
other embodiments , the shunt is joined or associated with an 
implant in a manner where the inlet opening 286 receives 
ocular fluid directly from an ocular cavity , without having 
first passed through the implant . In still other embodiments , 
the shunt carries fluid from both sources ( e . g . , from the eye 
and from the implant lumen ) . 
[ 0278 ] A further advantage of such embodiments is pro 
vided where the outlet section 237F includes at least one 
opening 287 , 288 suitably located for discharging substan 
tially axisymmetrically the aqueous , liquid or therapeutic 
agents , wherein the opening 287 , 288 is in fluid communi 
cation with the lumen 285 of the device 281 . In the illus 

trated embodiment , the openings 288 extend radially from 
the lumen 285 and open at the outwardly facing surface 
around the periphery of the outlet flange 237F . 
[ 0279 ] It should be understood that all such anchoring 
elements and retention protrusions may also be made flex 
ible . It should also be understood that other suitable shapes 
can be used and that this list is not limiting . It should further 
be understood the devices may be flexible , even though 
several of the devices as illustrated in the Figures may not 
appear to be flexible . In those embodiments involving a 
rechargeable device , the retention protrusions not only serve 
to anchor the implant , but provide resistance to movement to 
allow the implant to have greater positional stability within 
the eye during recharging . 
[ 0280 ] For the sake of clarity , only a small number of the 
possible embodiments of the implant have been shown with 
the various retention projections . It should be understood 
that any implant embodiment may be readily combined with 
any of the retention projections disclosed herein , and vice 
versa . 
[ 0281 ] It will further be appreciated that , while several 
embodiments described above are shown , in some cases as 
being anchored within or to particular intraocular tissues , 
that each embodiment may be readily adapted to be 
anchored or deployed into or onto any of the target intraocu 
lar tissues disclosed herein or to other ocular tissues known 
in the art . 
f0282 ] . Additionally , while embodiments described both 
above and below include discussion of retention projections , 
it will be appreciated that several embodiments of the 
implants disclosed herein need not include a specific reten 
tion projection . Such embodiments are used to deliver drug 
to ocular targets which do not require a specific anchor point , 
and implants may simply be deployed to a desired intraocu 
lar space . Such targets include the vitreous humor , the ciliary 
muscle , ciliary tendons , the ciliary fibrous band , Schlemm ' s 
canal , the trabecular meshwork , the episcleral veins , the 
anterior chamber and the anterior chamber angle , the lens 
cortex , lens epithelium , and lens capsule , the ciliary pro 
cesses , the posterior chamber , the choroid , and the supra 
choroidal space . For example , in some embodiments , an 
implant according to several embodiments described herein 
is injected ( via needle or other penetrating delivery device ) 
through the sclera at a particular anatomical site ( e . g . , the 
pars plana ) into the vitreous humor . Such embodiments need 
not be constructed with a retention protrusion , thus it will be 
appreciated that in certain embodiments , the use of a reten 
tion protrusion is optional for a particular target tissue . 
10283 ] . Some embodiments disclosed herein are dimen 
sioned to be wholly contained within the eye of the subject , 
the dimensions of which can be obtained on a subject to 
subject basis by standard ophthalmologic techniques . Upon 
completion of the implantation procedure , in several 
embodiments , the proximal end of the device may be 
positioned in or near the anterior chamber of the eye . The 
distal end of the implant may be positioned anywhere within 
the suprachoroidal space . In some embodiments , the distal 
end of the implant is near the limbus . In other embodiments , 
the distal end of the implant is positioned near the macula in 
the posterior region of the eye . In other embodiments , the 
proximal end of the device may be positioned in or near 
other regions of the eye . In some such embodiments , the 
distal end of the device may also be positioned in or near 
other regions of the eye . As used herein , the term " near ” is 
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used at times to as synonymous with " at , ” while other uses 
contextually indicate a distance sufficiently adjacent to allow 
a drug to diffuse from the implant to the target tissue . In still 
other embodiments , implants are dimensioned to span a 
distance between a first non - ocular physiologic space and a 
second non - ocular physiologic space . 
[ 0284 ] In one embodiment , the drug delivery implant is 
positioned in the suprachoroidal space by advancement 
through the ciliary attachment tissue , which lies to the 
posterior of the scleral spur . The ciliary attachment tissue is 
typically fibrous or porous , and relatively easy to pierce , cut , 
or separate from the scleral spur with the delivery instru 
ments disclosed herein , or other surgical devices . In such 
embodiments , the implant is advanced through this tissue 
and lies adjacent to or abuts the sclera once the implant 
extends into the uveoscleral outflow pathway . The implant is 
advanced within the uveoscleral outflow pathway along the 
interior wall of the sclera until the desired implantation site 
within the posterior portion of the uveoscleral outflow 
pathway is reached . 
[ 0285 ] In some embodiments the total length of the 
implant is between 2 and 30 mm in length . In some 
embodiments , the implant length is between 2 and 25 mm , 
between 6 and 25 mm , between 8 and 25 mm , between 10 
and 30 mm , between 15 and 25 mm or between 15 and 18 
mm . In some embodiments the length of the implant is about 
8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 
or 25 mm . So that that the delivery device containing an 
implant can be inserted and advanced through the cornea to 
the iris and produce only a self - sealing puncture in the 
cornea , in some embodiments , the outer diameter of the 
implants are between about 100 and 600 microns . In some 
embodiments , the implant diameter is between about 150 
500 microns , between about 125 - 550 microns , or about 
175 - 475 microns . In some embodiments the diameter of the 
implant is about 100 , 125 , 150 , 160 , 170 , 180 , 190 , 200 , 225 , 
250 , 275 , 300 , 325 , 350 , 375 , 400 , 425 , 450 , 460 , 470 , 475 , 
480 , 490 , or 500 microns . In some embodiments , the inner 
diameter of the implant is from about between 50 - 500 
microns . In some embodiments , the inner diameter is 
between about 100 - 450 microns , 150 - 500 microns , or 
75 - 475 microns . In some embodiments , the inner diameter is 
about 80 , 90 , 100 , 110 , 125 , 150 , 175 , 200 , 225 , 250 , 275 , 
300 , 325 , 350 , 375 , 400 , 410 , 420 , 425 , 430 , 440 , or 450 
microns . In some embodiments , including but not limited to 
those in which the device is disc or wafer - shaped , the 
thickness is from about 25 to 250 microns , including about 
50 to 200 microns , about 100 to 150 microns , about 25 to 
100 microns , and about 100 to 250 microns . 
[ 0286 ] In further embodiments , any or all of the interior 
lumens formed during the manufacture of the implants may 
be coated with a layer of hydrophilic material , thereby 
increasing the rate of contact of ocular fluid with the 
therapeutic agent or agents positioned within the lumen . In 
one embodiment , the hydrophilic material is permeable to 
ocular fluid and / or the drug . Conversely , any or all of the 
interior lumens may be coated with a layer of hydrophobic 
material , to coordinately reduce the contact of ocular fluid 
with the therapeutic agent or agents positioned within the 
lumen . In one embodiment , the hydrophobic material is 
permeable to ocular fluid and / or the drug . 
[ 0287 ] Selected embodiments of the drug delivery 
implants described herein allow for recharging of the 
implant , i . e . refilling the implant with additional ( same or 

different ) therapeutic agent . In the embodiments shown in 
FIGS . 20A - 20C , the proximal end 52 of the implant is open 
and interacts with a recharging device 80 . The recharging 
device 80 comprises a clamping sleeve 72 that houses 
flexible clamping grippers 74 that interacts with the proxi 
mal end 52 of the implant . A flexible pusher tube 76 that may 
be spring loaded contains a small internal recess 78 that 
holds the new therapeutic agent 62 for delivery to the 
implant lumen 58 . In FIG . 20A , a new dose of agent , coated 
in a shell and capped with proximal barrier is inserted into 
the lumen of the implant . FIGS . 20B and 20C depict 
recharging the implant with multiple drug pellets . In such 
embodiments , a one - way passage 70 allows the insertion of 
a recharging device carrying a drug pellet into the lumen of 
the implant , but upon removal of the recharging device , the 
passage closes to prevent the drug from escaping the lumen . 
In addition to providing the ability to renew dose of drug in 
the implant , recharging an implant with multiple pellets may 
provide one or more other benefits . In some embodiments , 
the pellets are sized to allow an increased surface area of 
drug that is exposed to ocular fluids ( as compared to an 
implant packed with a solid drug core ) . As the exposure to 
ocular fluid is one variable in the overall elution rate of a 
drug , in such embodiments , the size of the pellets may be 
adjusted as needed to provide a particular desired release 
rate . Moreover , in certain embodiments , the size of the 
multiple pellets is adjusted to provide a greater rate or 
capacity for fluid to flow through the lumen of the implant , 
even when a full drug load is present . Furthermore , one or 
more of the multiple pellets , in certain embodiments , is 
coated in order to regulate the dissolution or elution of the 
drug . It shall be appreciated that , as discussed for coatings 
in relation to the implant itself , the pellets may be coated 
with coatings of various thickness , compositions , with or 
without apertures , etc . , in order to control the rate of drug 
release from the pellet itself . In some embodiments , coated 
pellets are used in a non - coated device , while in other 
embodiments , combinations of coated and uncoated pellets 
are used with coated devices . For example , if an ocular 
condition is known to require drug therapy in addition to 
removal / diversion of ocular fluid , the pellets can be sized to 
deliver a sufficient quantity of drug to provide a therapeutic 
effect and simultaneously allow ocular fluid to flow through 
the lumen of the implant from a first location to a second 
location . Additionally , the presence of multiple pellets , or a 
plurality of particles , as opposed to a single solid core of 
drug , allows , in certain embodiments , the implant to be 
flexible . In such embodiments , the shape of the pellets may 
be designed to provide space around the periphery of the 
pellets such that the implant is able to articulate as needed 
to fit within or adjacent to a desired physiological space 
without inhibition of this articulation from pellet to pellet 
contact . It shall be appreciated that in such embodiments , the 
pellets may contact one another to some degree , still allow 
ing for a high degree of efficiency in packing the implant 
with drug . It shall also be appreciated that in certain embodi 
ments where flexibility of the implant is unnecessary or 
undesirable , the pellets may be shaped to contact one 
another more fully , thereby supplementing the rigidity of an 
implant . 
[ 0288 ] As schematically shown in FIGS . 20D and 20E , 
elongate implants can comprise a plurality of the features 
disclosed herein . For example , FIG . 20D depicts an elongate 
implant with a proximal 52 and distal end 50 , containing a 
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plurality of pellets of therapeutic agent 62 . As discussed in 
more detail herein , the therapeutic agent , depending on the 
embodiment , may be in a variety of forms , such as pellets , 
micropellets , vesicles , micelles , or other membrane - like 
bound structures , oils , emulsions , gels , slurries , etc . The 
implant comprises a region of drug release 56 . Moreover , the 
embodiments depicted in FIGS . 20D and 20E comprise fluid 
inflow 38k and outflow 56k pathways , thus allowing the 
combination of delivery of a therapeutic agent as well as 
directing fluid to an ocular fluid outflow pathway ( e . g . , 
Schlemm ' s canal ) . 
[ 0289 ] FIG . 20G schematically depicts an eye with one 
embodiment of an elongate implant positioned in accor 
dance with several embodiments disclosed herein . As shown 
the proximal end of the implant 52 resides near the anterior 
portion of the eye , while the distal end of the implant 50 
resides in a more posterior position . The implant can be 
implanted in the suprachoroidal space , in one embodiment , 
and positioned such that the region of drug release 56 allows 
the therapeutic agent 58 to elute from the implant in a 
posterior region of the eye . While not expressly depicted 
here , it shall be appreciated that the implant may , optionally , 
include the fluid inflow and outflow pathway described 
herein . 
[ 0290 ] FIG . 20H depicts an additional configuration that is 
used in several embodiments . For example , in one embodi 
ment the implant is positioned ( e . g . , via use of a custom 
inserter 1000 ) in the eye with the distal end 50 in a posterior 
portion of the eye and the proximal end 52 in a more anterior 
region . The implant depicted , and described in more detail 
elsewhere herein , comprises a plurality of regions of drug 
release , indicated as 56 and 56a , and a plurality of types of 
therapeutic agent , namely 58 and 58a in FIG . 20H . Several 
embodiments of such an implant are used when , for 
example , it is beneficial to provide a loading or bolus dose 
of a therapeutic agent ( 58a ) for acute or relatively short term 
effects ( perhaps , for example to reduce inflammation or risk 
of infection ) . Thereafter , a more long term formulation of 
the therapeutic agent ( e . g . , a pellet ; 58 ) provides controlled 
drug release for a period of time beyond the acute effect . In 
several embodiments , such a configuration reduces compli 
cations with insertion of the device and reduces the time 
from insertion to reduction in one or more symptoms 
associated with the disease or disorder being treated . 
[ 0291 ] FIG . 201 depicts yet another embodiment of an 
elongate device with an alternative drug elution strategy . 
Again the implant is positioned with the distal portion 50 in 
the posterior region of the eye . In the depicted embodiment , 
the regions of drug release 56 and 56a are positioned at or 
near the very distal end of the implant . The distal end is 
configured such that pellets of therapeutic agent 58 , and or 
therapeutic agent in a different form ( e . g . , micropellets , 
vesicles , gel ) or a different therapeutic agent ( e . g . , one that 
reduces or prevents a side effect due to the first therapeutic 
agent ) are capable of being flushed out of the distal end of 
the implant . One schematic of such an implant is shown in 
FIG . 20J , wherein the distal end of the implant 50 comprises 
a region of drug release 56 that is generated by virtue of a 
one - way valve 70 . In several embodiments , the valve com 
prises two or more flaps 70 , open at the proximal end and 
reversibly closed at the distal end . The pressure provided on 
the proximal portion of the flaps induces the flaps to open 
and the drugs 58 and 58a are expelled ( partially or com - 
pletely ) from the implant . In several embodiments , the flaps 

return to their closed ( or substantially closed ) position such 
that a seal is created to prevent backflow of ocular fluid 
( which may include expelled therapeutic agent ) into the 
implant . In other embodiments , however , a fluid - tight seal is 
not formed . Other flap or sealing mechanisms are used , 
depending on the embodiment . 
[ 0292 ] Such embodiments , are used , in several embodi 
ments , during an initial implantation surgery . In such cases , 
flushing out the therapeutic agents 58 allows the agent 58 to 
be to fully exposed to the intraocular environment , which 
may hasten the therapeutic effects of the agent . Additionally , 
with the initial therapeutic agent 58 flushed out of the 
implant , the distal portion of the implant is open ( e . g . , not 
blocked with agent ) for the delivery of a second therapeutic 
agent 58a . The flushing of the initial agent 58 from the 
device helps to ensure that the second agent ( which , again , 
may reduce or prevent a side effect of the first agent ) reaches 
the desired anatomical target tissue . If the device were not 
flushed and still contained the therapeutic agent 58 , the 
second agent 58a would either have to move around the first 
agent within the implant or be eluted / flushed from the 
implant through side ports ( which are more proximal , and 
thus farther from the posterior target tissue ) . Either approach 
may result in the second agent 58a failing to reach ( at least 
in therapeutically effective concentrations ) the desired target 
in the posterior region of the eye . 
[ 0293 ] In additional embodiments , devices that are con 
figured to allow flushing of their therapeutic drug contents 
out the distal end of the device are useful when assessing the 
efficacy and / or functionality of the device post - implantation . 
At such a time , it may be advantageous to be able to deliver 
a second agent ( perhaps to ameliorate side effects ) or a 
different concentration of an agent . This can thus be accom 
plished by flushing the implant with the second agent or a 
new concentration of a first agent . 
102941 In several embodiments , the agents 58a that are 
delivered secondarily and / or in conjunction with a flush of 
the first therapeutic agent 58 are in a fluid , semi - fluid , or 
fluid - like form . In several embodiments , microparticles that 
behave like a fluid ( e . g . , they have liquid - like flow proper 
ties ) are used . In some embodiments , the secondary agent 
58a is configured to have its own desired elution profile . In 
such cases , the secondary agent 58a is optionally housed or 
contained within a structure that allows for controlled 
release . In several embodiments , this comprises admixing 
the therapeutic agent with one or more polymers ( e . g . , 
creating a “ matrix ) that allows release of the therapeutic 
agent from the admixture with a known rate of elution . In 
several embodiments , the one or more polymers are selected 
such that they are readily interconvertible between a liquid 

o r semi - liquid state and a solid or semi - solid state . In several 
embodiments , the interconversion is due to externally 
applied stimuli ( e . g . , radio frequency , light , etc . ) . In several 
embodiments , the interconversion is temperature or pressure 
induced . For example , in several embodiments , the poly 
mers are liquid or semi - liquid at room temperature , but upon 
exposure to increased temperatures ( e . g . , physiological tem 
peratures ) become solid or semi - solid . In such a manner , the 
polymer matrix can be used to hold the therapeutic agent at 
a desired target site , thereby improving the accuracy of 
delivery and reduction of wash - out due to ocular fluid flow . 
In several embodiments , optionally , the polymers are bio 
degradable ( such that repeated administration does not result 
in build - up of polymer at the delivery site ) . In several 


































