
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0342875 A1 

US 20150342875A1 

Haffner (43) Pub. Date: Dec. 3, 2015 

(54) IMPLANTS WITH CONTROLLED DRUG A647/02 (2006.01) 
DELIVERY FEATURES AND METHODS OF A6DF 9/00 (2006.01) 
USING SAME A 6LX3/55.75 (2006.01) 

A647/32 (2006.01) 
(71) Applicant: Dose Medical Corporation, Laguna (52) U.S. Cl. 

Hills, CA (US) CPC ........... A61K 9/0051 (2013.01); A61 K3I/55.75 
(2013.01); A61 K47/32 (2013.01); A61K47/02 

(72) Inventor: David S. Haffner, Mission Viejo, CA (2013.01); A61F 9/0017 (2013.01); A6IF 
(US) 9/00781 (2013.01) 

(21) Appl. No.: 14/724,610 
(22) Filed: May 28, 2015 (57) ABSTRACT 

Related U.S. Application Data Disclosed herein are drug delivery devices and methods for 
(60) Provisional application No. 62/004.824, filed on May the treatmento f ocular disorders requiring targeted and con 

29, 2014. trolled administration of a drug to an interior portion of the 
eye for reduction or prevention of symptoms of the disorder. 

Publication Classification The devices are capable of controlled release of one or more 
drugs and may also include structures which allow for treat 

(51) Int. Cl. ment of increased intraocular pressure by permitting aqueous 
A6 IK9/00 (2006.01) humor to flow out of the anterior chamber of the eye through 
A6DF 9/007 (2006.01) the device. 

ff fa? W 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 1 of 85 Patent Application Publication 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 2 of 85 Patent Application Publication 

e 2&z&&&&&&&&&& ?ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 
zºzzzzzzzzZ 

  

  

    

    

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 3 of 85 Patent Application Publication 

997 

  

  

  

  

  

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 4 of 85 US 2015/0342875 A1 

&ZZZZZZZ 

NŠ%4 K. 
A76 (24 e 

zz 5f 
ANY N. 472/ZZZ V 
A7%. 1A7 AV2 aA 

NN N 

N S. 
AV4 (16 

54 y 

Naasas 

8 s it If S s : is ti is a is a is is it 

ESSESSESESSESSESSESSEE 
SSSSSSSSS8. SSSSSSSSSSSS 3S 

  

  

  

    

  

  

  

  

    

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 5 of 85 Patent Application Publication 

99 

Z ??/// 

99 

&997 

429 

  

  

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 6 of 85 US 2015/0342875 A1 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 7 of 85 Patent Application Publication 

(ZZZZZZZZZZZZZZZZZZJ << 
  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 8 of 85 Patent Application Publication 

, 2/7/ 29/2/ 

2947 

42997 <<<< 
4799° 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 9 of 85 Patent Application Publication 

/7/7/ 29/2/ £294296°   

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 10 of 85 Patent Application Publication 

99 

,7/7/ 2/*/ 

22º 

??? 

  



Patent Application Publication Dec. 3, 2015 Sheet 11 of 85 US 2015/0342875 A1 

Ay f 

N 2 
N442% serealize 4N 

a 
4 

. . . as 
f' . . " . . . a. 

- e 

SeeXzB2ANN 

fa2 
say 

A76 MMA 

37 f 

N 2 

. . . st s 

Acala\NN 

A76, V/76 

  

    

    

  

  

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 12 of 85 Patent Application Publication 

  



Patent Application Publication Dec. 3, 2015 Sheet 13 of 85 US 2015/0342875 A1 

S. 

  



Patent Application Publication Dec. 3, 2015 Sheet 14 of 85 US 2015/0342875 A1 

s - W. 7 Š 

& S 
  



Patent Application Publication Dec. 3, 2015 Sheet 15 of 85 US 2015/0342875 A1 

s 

s 

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 16 of 85 Patent Application Publication 

SSSSSSSSSSSSSSSSSSSSSSSSSSSSL, RSSSSSSSSSSSSSSSS} \NSÄSSLIS( 
* * .: <n 

  

  



Patent Application Publication Dec. 3, 2015 Sheet 17 of 85 US 2015/0342875 A1 

------57 

A76, M7 

  



Patent Application Publication Dec. 3, 2015 Sheet 18 of 85 US 2015/0342875 A1 

  



Patent Application Publication Dec. 3, 2015 Sheet 19 of 85 US 2015/0342875 A1 

42? N 

2 

  



Patent Application Publication Dec. 3, 2015 Sheet 20 of 85 US 2015/0342875 A1 

A76, M24 

37 Ta 1.33 

A76, M2 

24 a -3. 

A71, MAM 

A76, M72 

  





Patent Application Publication Dec. 3, 2015 Sheet 22 of 85 US 2015/0342875 A1 

A76, MA16 

M 
8 . 

KNE. N 4 SN i rI i. NS 

f 

c 3 o o o 
N s 

al KN o NS 
... A76, M7/ 

  

  

    

  

  

  





Patent Application Publication Dec. 3, 2015 Sheet 24 of 85 US 2015/0342875 A1 

-áia 
27 SN 

Y 
2% 4. (Z%zNZ2 

A76, V7A 

2 

A76, M7, 

  

  



Patent Application Publication Dec. 3, 2015 Sheet 25 of 85 US 2015/0342875 A1 

A76, V7/ 

2 

A76, V2/V 

  



Patent Application Publication Dec. 3, 2015 Sheet 26 of 85 US 2015/0342875 A1 

327 

A 444 44/47/47/47/44 

%2 

A76, M72 

  

  







Patent Application Publication Dec. 3, 2015 Sheet 29 of 85 US 2015/0342875 A1 

  



Patent Application Publication Dec. 3, 2015 Sheet 30 of 85 US 2015/0342875 A1 

i. 

O 
O 
CY) 

  



Patent Application Publication Dec. 3, 2015 Sheet 31 of 85 US 2015/0342875 A1 

O 
O 

cy 

  



Patent Application Publication Dec. 3, 2015 Sheet 32 of 85 US 2015/0342875 A1 

CO 
O 

i. 

O) 
O 

O 
OO 
va 

CD 
sm 
O 
O) 
L 

(5 
OD 
O 

vm 

CN 

CO 
O 

: 
  



| III» 

A76, M24 

  



Patent Application Publication Dec. 3, 2015 Sheet 34 of 85 US 2015/0342875 A1 

A76, 7% 

A76, M2M 

  



Patent Application Publication Dec. 3, 2015 Sheet 35 of 85 US 2015/0342875 A1 

A76, M2A 

2 aa 

f 

A76, M2A7 

  

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 36 of 85 US 2015/0342875 A1 

A76, M26 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 37 of 85 Patent Application Publication 

No. 
  

  

  

    

    

  

  

  
  

  

  

  

  

    

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 38 of 85 Patent Application Publication 

SO? 

?????? ??? 
  

  

  

  

  

  

  

    

  

  

  
  

  

  

  

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 39 of 85 US 2015/0342875 A1 

fa 

27 ? 

| Ul 
XXXXXXXX > KXXXXXXXX) KXXXXXXXX XXXXXXXX) 
& EX 

Q2S E 

xix. 

A76, M2/ 

  

    

  

  

    

    

  



Patent Application Publication Dec. 3, 2015 Sheet 40 of 85 US 2015/0342875 A1 

WXXXXXXX: TKXXXXXXXX) VXXXXXXXX. & XXXX YXX. &l 

ret 
A76, M2M 

    

    

  



Patent Application Publication Dec. 3, 2015 Sheet 41 of 85 US 2015/0342875 A1 

A76, V2/ 

f( W 24 ./22 

S2/ is \s 27 
A76, M2/V A76 M972 

f 
77 

A (f A, f 
| fA A22 

Af f 

Yal f(22 

AC /2A AC M242 



US 2015/0342875 A1 Dec. 3, 2015 Sheet 42 of 85 

ac º’ 

Patent Application Publication 

22° 

4/6/ 29/y 

ZZZZZZZZZZZZZZZZZZ 
  

  

  

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 43 of 85 US 2015/0342875 A1 

XXX XXX 

A76 

  



Patent Application Publication Dec. 3, 2015 Sheet 44 of 85 US 2015/0342875 A1 

AV2 /27 

  



Patent Application Publication Dec. 3, 2015 Sheet 45 of 85 US 2015/0342875 A1 

A76, M2M 

  



Patent Application Publication Dec. 3, 2015 Sheet 46 of 85 US 2015/0342875 A1 

  



Patent Application Publication Dec. 3, 2015 Sheet 47 of 85 US 2015/0342875 A1 

235 

AV4 M9/ 

  



Patent Application Publication Dec. 3, 2015 Sheet 48 of 85 US 2015/0342875 A1 

257 

A76, 74 

  



Patent Application Publication Dec. 3, 2015 Sheet 49 of 85 US 2015/0342875 A1 

2 

237 

f 239A ( 
22A SD 

26 

A76, M2Y 

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 50 of 85 Patent Application Publication 

224° 

(GTZE 

ZZZZZZZZZZZZZZZZZZ 

  

  

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 51 of 85 Patent Application Publication 

ø, `~––––––~^× ?zzzZzZzzzzzzzzzzzzzzzzzzzºzzz Á7/23° 29/2/ 
  

      

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 52 of 85 Patent Application Publication 

, 2/22° ?/// 

* = = = = = = * ?zzzzzzzzzzzzzzzzzzzzzzzzzZzZ?Žºzzz 
ZZZZZZZZZZZZZZZZZZ 

    

  



Patent Application Publication Dec. 3, 2015 Sheet 53 of 85 US 2015/0342875 A1 

: : 

S 

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 54 of 85 US 2015/0342875 A1 

s O 
CN 8 No 9 

O O OS 

SN va P CN S 
O 
vm 

  



Patent Application Publication Dec. 3, 2015 Sheet 55 of 85 US 2015/0342875 A1 

  



Patent Application Publication Dec. 3, 2015 Sheet 56 of 85 US 2015/0342875 A1 

  



Patent Application Publication Dec. 3, 2015 Sheet 57 of 85 US 2015/0342875 A1 

: 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 58 of 85 Patent Application Publication 

TOZ ?un6|- 
*. 

  



Dec. 3, 2015 Sheet 59 of 85 US 2015/0342875 A1 Patent Application Publication 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 60 of 85 Patent Application Publication 

  



Patent Application Publication Dec. 3, 2015 Sheet 61 of 85 US 2015/0342875 A1 

  



Patent Application Publication Dec. 3, 2015 Sheet 62 of 85 US 2015/0342875 A1 

  





Patent Application Publication Dec. 3, 2015 Sheet 64 of 85 US 2015/0342875 A1 

  



Dec. 3, 2015 Sheet 65 of 85 US 2015/0342875 A1 Patent Application Publication 

ÁZZº ??/// 

  



Dec. 3, 2015 Sheet 66 of 85 US 2015/0342875 A1 Patent Application Publication 

(ZZº ??/// 

„24,2% ??/// 

  



Of 85 US 2015/0342875 A1 Dec. 3, 2015 Sheet 67 Patent Application Publication 

  



Patent Application Publication Dec. 3, 2015 Sheet 68 of 85 US 2015/0342875 A1 

  



Dec. 3, 2015 Sheet 69 of 85 US 2015/0342875 A1 Patent Application Publication 



Dec. 3, 2015 Sheet 70 of 85 US 2015/0342875 A1 Patent Application Publication 

/2 ¿? 

Zaer 

[]) 



US 2015/0342875 A1 Dec. 3, 2015 Sheet 71 of 85 Patent Application Publication 

Z99 

  

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 72 of 85 US 2015/0342875 A1 

3. 
r 
v 

c e 
- w 

CO 
C a C 

lc) 
cy 

C CD 
s 

CN 
o U   



Paten t Application Publication Dec. 3, 2015 Sheet 73 of 85 US 2015/0342875 A1 

SS S. 
S. S S 

8 S 

s 

& 

: 

  

  

  

  

  

  

  

  

  



Patent Application Publication Dec. 3, 2015 Sheet 74 of 85 US 2015/0342875 A1 

OO 
w 

  



Patent Application Publication Dec. 3, 2015 Sheet 75 of 85 US 2015/0342875 A1 

  

  



Patent Application Publication Dec. 3, 2015 Sheet 76 of 85 US 2015/0342875 A1 

5 

: 

5 s 
: 

  

  



Patent Application Publication Dec. 3, 2015 Sheet 77 of 85 US 2015/0342875 A1 

N S 3 S 
S is S N 

-616 N -D CN co CD 
d C s 

i: ; ; ; ; ; L 

C 

d 

od 

8 CY) 
N 

C 
CN 

CD 
o s 

g L 
  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 78 of 85 

  



Patent Application Publication Dec. 3, 2015 Sheet 79 of 85 

Š: --- 

S 

X 

3. 

US 2015/0342875 A1 

s 

  

  

  

  

  

  

  

  

  

  

  

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 80 of 85 

90/ 

00/ 

Patent Application Publication 

  



Patent Application Publication Dec. 3, 2015 Sheet 81 of 85 US 2015/0342875 A1 

s 

s 

& 

8 

5 & 

  



Patent Application Publication Dec. 3, 2015 Sheet 82 of 85 US 2015/0342875 A1 

  



Patent Application Publication Dec. 3, 2015 Sheet 83 of 85 US 2015/0342875 A1 

54.00 
Provide Outer Shell 

54.02 

Insert Seal 

54.04 

Fill Drug Reservoir 

54.06 

Insert Distal Seal 
Member 

54.08 

Insert Membrane 

5410 

Insert Proximal Seal 
Member 

5412 

Compress Membrane 

5414 

Insert Retainer 

5416 

FIG. 54 



Patent Application Publication Dec. 3, 2015 Sheet 84 of 85 US 2015/0342875 A1 

900 

\, 904 
950 

FIG. 55 

907 

900 

950 

904 

  



US 2015/0342875 A1 Dec. 3, 2015 Sheet 85 of 85 Patent Application Publication 

956 

954 

910 

902 

FIG. 57 

  



US 2015/0342875 A1 

MPLANTS WITH CONTROLLED DRUG 
DELIVERY FEATURES AND METHODS OF 

USING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application No. 62/004, 
824, filed May 29, 2014, and titled IMPLANTS WITH CON 
TROLLED DRUG DELIVERY FEATURES AND METH 
ODS OF USING SAME, which is hereby incorporated by 
reference in its entirety and made a part of this specification 
for all that it discloses. 

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 pres 
Sure 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 deliv 
ery 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 sen 
sitive 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 pigmented 
fibrovascular tissue known as a stroma and pigmented epithe 
lial 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 epi 
thelial 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, vascular 
irregularities, and inflammatory problems. The central por 
tion 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 macularedema, idiopathic 
choroidal neovascularization, or high myopia macular degen 
eration, 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 drainage of 
aqueous humor from the anterior chamber by way of a trabe 
cular meshwork which is located in an anterior chamber 
angle, lying between the iris and the cornea or by way of the 
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“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 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. Glau 
coma causes pathological changes in the optic nerve, visible 
on the optic disk, and it causes corresponding visual field loss, 
which can result in blindness ifuntreated. Increased intraocu 
lar 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 beachieved 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 impractical 
or expensive, but may also result in a higher incidence of side 
effects. Topical administration is potentially limited by lim 
ited 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 ofatherapeutic agent 
in a controlled and targeted fashion would address the limi 
tations of other delivery routes. 

SUMMARY 

0009 Various embodiments disclosed herein can relate to 
a drug delivery ocular implant. The ocular implant can 
include an outer shell having a proximal end and a distal end, 
and the outer shell can be shaped to define an interior cham 
ber. A drug can be positioned within the interior chamber. The 
ocular implant can include a drug release element configured 
to release the drug from the interior chamber. The drug release 
element can include a distal seal member that includes at least 
one opening, a proximal seal member that includes at least 
one opening, and a membrane compressed between the distal 
seal member and the proximal seal member. A retainer can be 
configured to retain the drug release element in place relative 
to the outer shell. The drug release element can be configured 
Such that the drug passes through the at least one opening in 
the distal seal member, through the compressed membrane, 
through the at least one opening in the proximal seal member, 
and out the proximal end of the outer shell. 
0010. The retainer can include one or more tabs that can be 
folded to engage the proximal seal member. In some embodi 
ments, the one or more tabs can be folded to engage the 
membrane. The outer shell can include one or more slots and 
the retainer can extend into the one or more slots and can be 
positioned proximally of the proximal seal member. The 
retainer can have a lateral length that is greater than an inner 
diameter of the interior chamber adjacent the retainer and that 
is less than or equal to an outer diameter of the outer shell 
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adjacent the retainer. In some embodiments, the interior 
chamber can include a shelf, and the distal seal member can 
be seated against the shelf. 
0011. The membrane can include ethylene vinyl acetate, 
which can have a concentration of vinyl acetate between 
about 10% and about 30%, or various other concentrations as 
discussed herein. The compressed membrane can have a 
thickness of between about 75 microns and about 125 
microns, and/or the membrane can be compressed from an 
uncompressed State by an amount between about 20 microns 
and about 40 microns, although other thicknesses and 
amounts of compression can be used as discussed herein. 
0012. The drug release element can provide an elution rate 
between about 15 nanograms per day and about 35 nano 
grams per day, although other elution rates can be used as 
discussed herein. The ocular implant can be configured to 
hold a volume of the drug between about 40 nanoliters and 
about 150 nanoliters, although other volumes can be used as 
discussed herein. The ocular implant has a total longitudinal 
length of between about 1 mm and about 3 mm, although 
other dimensions can be used as discussed herein. In some 
embodiments, the outer shell can include a ceramic material. 
0013 The ocular implant can include at least one fluid 
inflow pathway and at least one fluid outflow pathway, and the 
at least one fluid inflow pathway and the at least one fluid 
outflow pathway are configured to deliver ocular fluid to a 
physiological outflow pathway. The outer shell can include an 
opening between the interior chamber and the inflow path 
way, and the ocular implant can include a seal configured to 
impede fluid communication between the interior chamber 
the fluid inflow pathway. The seal can include a recess on a 
proximal side, and a portion of the drug can be positioned 
inside the recess of the seal. The ocular implant can include a 
flange extending laterally outwardly between the at least one 
fluid inflow pathway and the at least one fluid outflow path 
way. The ocular implant can include one or more standoffs 
configured to reduce compression of the physiological out 
flow pathway by the implant. In some embodiments, the 
physiological outflow pathway is Schlemm's Canal. In some 
embodiments, the ocular implant can include a positioning 
protrusion configured to engage an implantation tool to facili 
tate rotation of the implant about a longitudinal axis during 
implantation. 
0014. In some embodiments, the drug can be formulated 
as an oil. The drug can include a prostaglandin, a prostaglan 
din analog, a prostaglandininhibitor, a beta-adrenergic recep 
tor antagonist, or combinations thereof, although other drugs 
can be used as discussed herein. In some embodiments, the 
drug can include travoprost. 
0015 The ocular implant can include one or more reten 
tion features configured to anchor the ocular implantinocular 
tissue. The one or more retention features can include a reten 
tion protrusion on the distal end of the outer shell. The reten 
tion protrusion can be configured to anchor the ocular implant 
at a target tissue site. 
0016. The ocular implant can be configured to be posi 
tioned in the Supraciliary space. The ocular implant can be 
configured to be positioned in the Suprachoroidal space. The 
ocular implant can be configured to be positioned in the 
Supraciliary space and the Suprachoroidal space. In some 
embodiments, the outer shell can be flexible. 
0017 Various embodiment disclosed herein can relate to a 
method of making a drug delivery ocular implant. The 
method can include providing an outer shell having a proxi 
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mal end and a distal end. The outer shell can define an interior 
chamber. The method can include placing a drug into the 
interior chamber, inserting a distal seal member into the inte 
rior chamber, inserting a membrane into the interior chamber, 
inserting a proximal seal member into the interior chamber, 
pressing the proximal seal member towards the distal seal 
member to compress the membrane into a compressed State, 
and attaching a retainer to retain the membrane in the com 
pressed State. 
0018. The outer shell can include one or more slots and 
attaching the retainer can include inserting the retainer later 
ally through the one or more slots such that the retainer is 
disposed proximally of the proximal seal member. The 
retainer can include one or more tabs, and the method can 
include folding the tabs of the retainer to engage the proximal 
seal member and/or the membrane. 
0019. The outer shell can include at least one fluid inflow 
pathway and at least one fluid outflow pathway. The at least 
one fluid inflow pathway and the at least one fluid outflow 
pathway can be configured to deliver ocular fluid to a physi 
ological outflow pathway. The outer shell can include an 
opening between the interior chamber and the inflow pathway 
and the method can include inserting a seal configured to 
impede fluid communication between the interior chamber 
the fluid inflow pathway. 
0020. In some embodiments, the distal seal member, the 
membrane, and the proximal seal member are inserted 
together. 
0021. In some embodiments, the outer shell includes one 
or more retention features configured to anchor the ocular 
implant in ocular tissue. A retention protrusion on the distal 
end of the outer shell can be configured to anchor the ocular 
implant in ocular tissue. 
0022 Various embodiments disclosed herein can relate to 
a drug delivery ocular implant. The ocular implant can 
include an outer shell having an interior chamber providing a 
drug reservoir, a distal seal member, a proximal seal member, 
and a membrane configured to be pressed between the distal 
seal member and the proximal seal member such that the 
membrane is in a compressed State. The membrane in the 
compressed State can be configured to be permeable to a drug 
such that the drug elutes through the membrane. The ocular 
implant can include a retainer configured to maintain the 
membrane in the compressed State. 
0023 The retainer can include one or more tabs that are 
configured to fold to secure the retainer. The outer shell can 
include one or more slots and the retainer can be configured to 
extend into the one or more slots. 
0024. The membrane can include ethylene vinyl acetate, 
which can have a concentration of vinyl acetate between 
about 10% and about 30%, although other concentrations can 
be used as discussed herein. The ocular implant can be con 
figured Such that the membrane in the compressed State has a 
thickness of between about 75 microns and about 125 
microns and/or such that the membrane is compressed from 
an uncompressed state by an amount between about 20 
microns and about 40 microns, although other thicknesses 
and amounts of compression can be used as discussed herein. 
In some embodiments, the drug reservoir can be configured to 
hold a volume of the drug between about 40 nanoliters and 
about 150 nanoliters, although other volumes can be used as 
discussed herein. 

0025. The ocular implant can include one or more reten 
tion features configured to anchor the ocular implantinocular 
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tissue. The ocular implant can be configured to be positioned 
in the Supraciliary space. The ocular implant can be config 
ured to be positioned in the Suprachoroidal space. The ocular 
implant can be configured to be positioned in the Supraciliary 
space and the Suprachoroidal space. 
0026 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 chamber (e.g., 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. 
0027. 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. 
0028. 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 func 
tions to seal the implant to other routes of unintended drug 
release). In several embodiments, a distally positioned seal is 
placed within the lumen to limit the fluid communication 
between the interior lumen and the ocular space to that occur 
ring through the membrane. In several embodiments, selected 
combinations of the membrane and the dimensions (e.g., 
Surface area) of the aperture(s) are tailored to a specifically 
desired elution rate of the first active agent. 
0029. 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. 

0030. In several embodiments, the outer shell further com 
prises 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 physiological outflow 
pathway is Schlemm's Canal. In several embodiments, the at 
least one first active drug comprises a prostaglandin, a pros 
taglandin analog, a prostaglandin inhibitor, and/or combina 
tions thereof. Additionally, in several embodiments, a second 
agent may optionally be provided. In several embodiments, 
the second (or third, etc.) agent results in Synergistic effects 
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when combined with the first agent. In other embodiments, 
the second agent reduces one or more side effects associated 
with the first agent. 
0031 Additionally, there is provided, in several embodi 
ments, 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, 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 posi 
tioned 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 exter 
nal to the implant. 
0032. 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. 
0033. 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 physiological 
temperature. Thus, in several such embodiments, delivery of 
the second agent to the ocular target tissue results in polymer 
ization 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). 
0034. 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 
0035. 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 por 
tions of the shell having the first thickness. 
0036. In several embodiments, the outer shell comprises 
polyurethane. In several embodiments, the polyurethane 
comprises a polysiloxane-containing polyurethane elas 
tOmer. 

0037. 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 com 
pared to the proximal half of the implant. In several other 
embodiments, the overall rate of elution of the first active 
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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 ante 
riorportion of the eye of a Subject, while optionally providing 
(depending on the embodiment) drainage of ocular fluid to an 
outflow tract. 
0038. 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 embodi 
ments, the one or more regions of drug release comprise 
orifices and wherein the orifices are positioned along the long 
axis of the implant shell. 
0039. In several embodiments, the implant additionally 
comprises one or more coatings that alter the rate of the first 
active agent elution from the implant. 
0040. In several embodiments, at least the distal-most 
about 5 mm to about 10 mm of the interior lumen houses the 
drug. 
0041. In several embodiments, the elution of the first 
active drug from the implant continues for at least a period of 
at least one year. 
0042. 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 embodi 
ments, the micro-tablets have a surface area to Volume 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 
gallge. 
0043. In several embodiments, the micro-tablets are 
formed by utilizing one or more of processes selected from 
the group consisting of tabletting, lyophilization, granulation 
(wet or dry), flaking, direct compression, molding, and extru 
Sion. In several embodiments, the micro-tablets are config 
ured to balance osmotic pressure between the interior lumen 
and the ocular environment external to an implant after 
implantation. In further embodiments, the micro-tablets are 
optionally coated with a coating that regulates the release of 
the first active drug from the micro-tablet. In some embodi 
ments, the coating is a polymeric coating. 
0044. 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 Sor 
afenib. In several embodiments, the first active drug is beva 
cizumab. 

0045. 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-adren 
ergic receptor antagonist is selected from the group consist 
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ing 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. 
0046. 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 pressure. 
0047. 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 proximate 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. 
0048. 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. 
0049. 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, Suprachor 
oidal space, and Schlemm's canal. In several embodiments, 
the drug delivery ocular implant is delivered to the punctum. 
0050. As such, several embodiments provide for implants 
for insertion into a punctum of the eye of a Subject, compris 
ing an outer shell having a proximal end, a distal end, the outer 
shell being shaped to define an interior lumen, the outer shell 
dimensioned for insertion into the punctum of the eye of a 
Subject, at least a first active drug positioned within the inte 
rior lumen, at least one region of drug release the proximal 
portion of outer shell, and a distal occlusive member within 
the inner lumen, the distal occlusive member preventing elu 
tion of the first active drug from the distal end of the implant. 
0051. In several such embodiments, the first active drug 
elutes from the lumento the tear film of the eye of the subject 
by passing through the at least one region of drug release. In 
Some embodiments, the implant is dimensioned to be 
implanted with the distal end of the outer shell positioned in 
the lacrimal duct. In some embodiments, the implant is 
dimensioned to be implanted with the distal end of the outer 
shell positioned in the lacrimal sac. In several embodiments, 
the implant is dimensioned to be implanted with the distalend 
of the outer shell positioned in the nasolacrimal duct. 
0052. In several embodiments, the at least one region of 
drug release comprises at least one aperture. Additionally, in 
Some embodiments, the implant further comprises at least one 
membrane that occludes the at least one aperture, wherein the 
membrane is permeable to the at least a first active drug, 
wherein the membrane allows elution of the at least a first 
active drug to occur only through the at least one membrane. 
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0053. In several embodiments, the at least one region of 
drug release comprises a plurality of apertures through the 
outer shell and positioned randomly or in a patterned array 
throughout the proximal portion of the implant. As above, at 
least a portion of the plurality of apertures is occluded by a 
membrane permeable to the first active drug. 
0054. In several embodiments, the implant further com 
prises a cap configured for reversible interaction with the 
proximal end of the outer shell, wherein the cap comprises at 
least one aperture. In some embodiments, the implant further 
comprises a membrane positioned between the proximal end 
of the outer shell and the cap, wherein the membrane occludes 
the at least one aperture, wherein the membrane is permeable 
to the at least a first active drug, and wherein the membrane 
allows elution of the at least a first active drug to occur only 
through the at least one membrane. 
0055 Advantageously, in several embodiments, the at 
least one membrane is dimensioned based on the permeabil 
ity of the membrane to the at least a first active drug and the 
desired duration of elution of the first active drug, thereby 
creating a customized elution profile. For example, in several 
embodiments, the membrane has a thickness of between 
about 50 and about 100 microns. In some such embodiments, 
the at least a first active drug elutes from the ocular implant for 
a period of time ranging from about 12 to about 24 months. In 
Some embodiments, the membrane has a thickness of 
between about 90 and about 200 microns. In some such 
embodiments, the at least a first active drug elutes from the 
ocular implant for a period of time ranging from about 24 to 
about 48 months. 

0056. In several embodiments, the distal occlusive mem 
ber comprises a plug. In additional embodiments, the distal 
occlusive member comprises a one-way valve allowing fluid 
flow from the interior lumento the distal end of the device. In 
Some such embodiments, the one-way valve is configured to 
remain closed until exposed to elevated fluid pressure. For 
example, in several embodiments the one-way valve is con 
figured to open in response to instilled fluid to allow flushing 
of the interior lumento the nasolacrimal duct. This may occur, 
for example if the concentration or type of drug eluted from 
the implant is changed, or when the implant is reloaded. 
0057. In several embodiments, the implant, being config 
ured for insertion into the punctum, has a length of between 
about 0.5 and about 2.5 mm. For example, in several embodi 
ments the implant has a length of about 1.4 to about 1.6 mm. 
In several embodiments, the implant has a diameter of about 
0.2 to about 1.5 mm. For example, in several embodiments the 
implant has a diameter of about 0.2 to about 1.5 mm. In some 
embodiments, the implanthas a diameter of about 0.2 to about 
0.6 mm. Advantageously, the length and diameter of any of 
the implants disclosed herein can be adjusted to the dimen 
sions of a physiological space of a Subject in which the 
implant is to be positioned. In several embodiments, this 
ensures that the implant is positioned, and remains posi 
tioned, at a desired location. 
0058. In several embodiments, the first active drug is posi 
tioned in the proximal portion of the lumen of the implant for 
placement in the punctum. In several embodiments, the first 
active drug is for the treatment of dry eye. For example, in 
several embodiments, the first active drug is cyclosporine, 
cyclosporine A, moxifloxacin, or combinations of those drugs 
(or with any of the other drugs disclosed herein). In several 
embodiments, the first active drug is an anti-glaucoma medi 
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cation. In several embodiments, the first active drug is a 
steroid. In several embodiments, the first active drug facili 
tates tear production. 
0059. 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 comprises 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 embodi 
ments, each of the micro-tablets has an aspect ratio of length 
to diameter of about 2.8 to 3.6. 
0060. In addition, there is provided a system for adminis 
tering 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 compris 
ing an elongate outer shell having a proximal end, a distalend, 
the outer shell being shaped to define an interior lumen suit 
able 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. 
0061 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 activator that 
functions to expel the contents of the cannula from the appa 
ratus 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, activating 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. 
0062. 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. 
0063. In several embodiments, the piercing of the sclera is 
performed using an apparatus having a sharpened proximal 
end. In several embodiments, the hole within the sclera is 
sufficiently small to be self-healing. 
0064. In accordance with several embodiments there is 
provided a drug delivery ocular implant comprising an elon 
gate outer shell having a proximal end, and a distal end, said 
outer shell being shaped to define an interior lumen, and at 
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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 per 
meable 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 elu 
tion 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. 
0065. 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 prefer 
ably 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 com 
prise 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. 
0066. 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 thickness 
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 embodiments, 
the outer shell optionally comprises siliconized urethane and/ 
or may comprise regions of reduced thickness, and may or 
may not have any orifices passing through the outer shell. 
0067. 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 Substantially 
uniform first thickness and having one or more regions of a 
second, reduced shell thickness as compared to the first thick 
ness, 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 imperme 
able 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. 
0068 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 
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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 permeability of the 
more permeable outer shell regions. 
0069. 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. 

0070. 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 posi 
tioned within the interior lumen, wherein the outer shell is 
comprises a permeable material that is capable of conveying 
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 
Solventis 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. 
0071. In several embodiments, there is provided a medical 
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. 
0072. 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 fol 
lowing 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. 
0073. 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. 
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0074. 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. 
0075. 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 optionally posi 
tioned on the interior surface of the cap, the outer surface of 
the cap, and/or between layers of drug positioned within the 
interior lumen. 
0076 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 pressure. 
0077. The implants provided for herein optionally provide 
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 proxi 
mal 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 option 
ally covering different portions of the implant. 
0078. In several embodiments, the distal-most about 5 mm 
to about 10 mm of the interior lumenhouses 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. 
0079. Some embodiments provided for herein result in 
elution of drug from the implant with Zero-order or pseudo 
Zero-order kinetics. 
0080. 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, Supe 
rior, inferior, and the like), advancing a delivery device asso 
ciated 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. 
0081. 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. 
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I0082 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 physiologi 
cal outflow pathway, such as Schlemm's canal or the uveo 
Scleral pathway). The optional shunt is also used in other 
embodiments, however, wherein side effects associated 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). 
I0083 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 ante 
rior (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 sequential) elution of one or 
more drugs to the anterior and/or posterior chamber for tar 
geted effects. 
0084. In some embodiments disclosed herein, there are 
provided coatings, preferably polymeric coatings, that are 
biodegradable. In some embodiments, two or more polymeric 
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 Substantially 
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 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. 
I0085. In several embodiments, biodegradation of the bar 
riers 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 degradation rate of 
the drug is faster, or in still other embodiments, in which the 
rate of degradation is unique for each. 
I0086. Any of the embodiments disclosed herein optionally 
further comprise one or more anchor structures, one or more 
excipients compounded with the drug, one or more orifices or 
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openings in the proximal portion of the device to allow drain 
age of ocular fluid from the anterior chamber of the eye, 
and/or one or more wicks passing through any outer shell of 
the implant. 
0087. 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 embodi 
ments, the expanding material is placed on an exterior Surface 
of the outer shell of the implant and expands after contact with 
a solvent, such as, for example, intraocular fluid. 
0088. 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). 
0089. 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 per 
meability 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 diffusion or trans 
port 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. 
0090 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 loca 
tion, Such as, for example, from the anterior chamber of the 
eye to a physiological outflow pathway. 
0091. In any of the embodiments disclosed herein, the 
drug preferably is released from the implant to act on a dis 
eased or damaged target tissue to generate a therapeutic 
effect. In some embodiments, the drug additionally generates 
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. 

0092. According the disclosure herein, any of the implants 
described may comprise a shell of metal or polymeric mate 
rial, which includes homopolymers, polymer blends and 
copolymers. Such as random copolymers and block copoly 
mers. In some embodiments, the polymeric material com 
prises ethyl vinyl acetate, polyethylene, ElasthaneTM, sili 
cone, polyurethane, polyetherSulfone, and/or polyamide. In 
other embodiments, the polymeric material comprises poly 
(carbonate urethane), poly(ether urethane), silicone poly(car 
bonate urethane), silicone poly(ether urethane), PurSiltM, 
CarboSilTM, or BionateTM. 
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0093. 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, etching, 
grinding, and molding. The region may be in any pattern on or 
around the implant, including a spiral pattern, patches, rings 
and/or bands. 

0094) Regions that are characterized by having an 
increased rate of drug delivery, be it by reduced shell thick 
ness, orifices, permeable material or any other means or com 
bination of means described herein may be presentatorin 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 pref 
erably 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 embodi 
ments, such regions (or a single Such region) are preferably 
concentrated towards the proximal endofanelongated device 
So as to target delivery of a drug to tissues in the anterior 
chamber of the eye. 
0.095 Implants as described herein may optionally be con 
figured 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 implantanda 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 pas 
sage after the removal of the recharging device. 
0096. 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 con 
centration of the same drug as compared to the other Sub 
lumens, optionally releases a drug to a different portion 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 admin 
istration of the first drug. 
0097. 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 per 
pendicular to a long axis of the outer shell; have partitions that 
are semi-permeable to a drug positioned within the Sub-lu 
mens; 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 
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lumens occurs first from the proximal-most Sub-lumen and 
last from the distal-most sub-lumen. 

0098. 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. 
0099. Any of the embodiments disclosed herein compris 
ing alumen, pathway or shuntin addition to drug elution in an 
implant may optionally drain fluid to any existing physiologi 
cal outflow pathway, including the Suprachoroidal space, the 
trabecular meshwork, or Schlemm's canal, and may option 
ally 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. 

0100. In several such embodiments, the implant comprises 
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 embodiments, the body 
comprises a substantially flexible, generally cylindrical shell 
or body, that may be of length approximately 25 mm, includ 
ing 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. 
0101. In several embodiments, at least one opening 
located in or near the proximal end of the implant communi 
cates 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 posi 
tioned 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 ante 
rior chamber is achieved, depending on the embodiment, for 
example, by locating a membrane having a known permeabil 
ity 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). By way of example, in some embodiments, the 
implant can include a drug release element, for example, as 
illustrated and discussed in connection with FIGS. 32-57. The 
drug release element can include features similar to or the 
same as the drug release elements 530, 730, or 930, or other 
drug release elements disclosed herein. 
0102. 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 proximal 
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. 
0103) Any of the embodiments disclosed herein may 
deliver a drug and/or provide a therapeutic effect for several 
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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. 
0104 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. 
0105. In several embodiments, there is provided a method 
of treating or preventing an ocular condition comprising: 
making an incision in the eye, inserting at least a portion of a 
drug delivery implant according to several embodiments dis 
closed herein into the Suprachoroidal space of the eye, and 
withdrawing the delivery device from the eye. 
0106. 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 
0107. 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 advantageous position 
(e.g., temporal, nasal, Superior, inferior, and the like), advanc 
ing the delivery device through the cornea of the eye and to the 
site of implantation. 
0108. In several embodiments there is provided a method 
for delivering an ocular implant comprising a stent according 
to several embodiments disclosed herein that simultaneously 
treats an ocular condition and limits treatment-associated 
side-effects, particularly those associated with increased fluid 
accumulation in the eye and/or increased intraocular pres 
Sure. 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. 
0109) 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 

0110. These and other features, aspects, and advantages of 
the present disclosure will now be described with reference 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 inmanners that are not explicitly depicted, but 
are both envisioned and disclosed herein. 

0111 FIG. 1 illustrates a schematic cross sectional view of 
an eye. 
0112 FIG. 2 illustrates a drug delivery device in accor 
dance with embodiments disclosed herein. 

0113 FIGS. 3A and 3B illustrate drug delivery devices in 
accordance with embodiments disclosed herein. 

0114 FIG. 4 illustrates a drug delivery device in accor 
dance with embodiments disclosed herein. 

0115 FIG. 5 illustrates a drug delivery device in accor 
dance with embodiments disclosed herein. 

0116 FIGS. 6A-6I illustrate various aspects of a drug 
delivery device in accordance with embodiments disclosed 
herein. 
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0117 FIG. 7 illustrates a cross sectional view of drug 
delivery implant in accordance with embodiments disclosed 
herein. 
0118 FIG. 8 illustrates the distal portion of a drug delivery 
implant in accordance with embodiments disclosed herein. 
0119 FIG. 9 illustrates the distal portion of another drug 
delivery implant in accordance with embodiments disclosed 
herein. 
0120 FIGS. 10A-10G illustrate other drug delivery 
implants in accordance with embodiments disclosed herein. 
0121 FIGS. 11A-11B illustrate various embodiments of 
implants as disclosed herein that house one or more drug 
containing pellets within the implant. 
0122 FIG. 12A illustrates another drug delivery implant 
incorporating a shunt in accordance with embodiments dis 
closed herein. 
0123 FIG. 12B illustrates a further drug delivery implant 
incorporating a shunt in accordance with embodiments dis 
closed herein. 
012.4 FIG. 12C illustrates a cross-sectional view of an 
embodiment of retention features disposed on a drug delivery 
implant in accordance with embodiments disclosed herein. 
0125 FIGS. 13 A-13C illustrate drug delivery implants in 
accordance with embodiments disclosed herein. 
0126 FIG. 14 illustrates a drug delivery implant in accor 
dance with embodiments disclosed herein. 
0127 FIG. 15 illustrates an illustrative embodiment of a 
drug delivery implant and retention protrusion. 
0128 FIG.16 illustrates an embodiment of a drug delivery 
implant in accordance with embodiments disclosed herein. 
0129 FIG. 17 illustrates another embodiment of a drug 
delivery implant in accordance with embodiments disclosed 
herein. 
0130 FIGS. 18A-18U illustrate various drug delivery 
devices in accordance with embodiments disclosed herein. 
0131 FIGS. 19A-19Y illustrate various anchor elements 
used in several embodiments disclosed herein. 
(0132 FIGS. 20A-20C illustrate a rechargeable drug deliv 
ery device in accordance with embodiments disclosed herein. 
0.133 FIGS. 20D and 20E depict various features of elon 
gate delivery devices in accordance with several embodi 
ments disclosed herein. 
0134 FIG. 20F illustrates one embodiment of a delivery 
device in accordance with embodiments disclosed herein. 
0135 FIGS. 20G-20I illustrate various implantation con 
figurations of drug delivery devices in accordance with 
embodiments disclosed herein. 
0136 FIG.20J illustrates an additional feature of the distal 
portion of certain drug delivery devices in accordance with 
embodiments disclosed herein. 
0.137 FIG. 21 illustrates an apparatus for implanting a 
drug delivery device in accordance with embodiments dis 
closed herein. 
0138 FIG.22 illustrates another apparatus for implanting 
a drug delivery device in accordance with embodiments dis 
closed herein. 
0139 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. 
0140 FIG. 24 illustrates an additional implantation pro 
cedure according to several embodiments disclosed herein. 
The size of the implant is exaggerated for illustration pur 
poses. 
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0.141 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 implantis exaggerated 
for illustration purposes. 
0.142 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 Suprachoroi 
dal space and terminates in close proximity to the macula. 
0.143 FIGS. 27 A-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. 
014.4 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. 
(0145 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. 
0146 FIG.30 illustrates a schematic cross-section view of 
an eye with an implant anchored to the iris. 
0147 FIG.31 illustrates a schematic cross-section view of 
an eye with an implant implanted in the anterior chamber 
angle. 
0148 FIG. 32 is a distal perspective view of an example 
embodiment of a drug delivery ocular implant. 
0149 FIG. 33 is a proximal perspective view of the 
implant of FIG. 32. 
(O150 FIG. 34 is a side view of the implant of FIG. 32. 
0151 FIG. 35 is a cross-sectional perspective view of an 
outer shell of the implant of FIG. 32. 
0152 FIG. 36 is a cross-sectional perspective view of the 
implant of FIG. 32. 
(O153 FIG. 37 is a distal exploded perspective view of the 
implant of FIG. 32. 
0154 FIG.38 is a proximal exploded perspective view of 
the implant of FIG. 32. 
(O155 FIG. 39 is a distal exploded perspective view of a 
seal of the implant of FIG. 32. 
0156 FIG. 40 is a proximal exploded perspective view of 
the Seal of FIG. 39. 
0157 FIG. 41 is a distal exploded perspective view of a 
drug release element of the implant of FIG. 32. 
0158 FIG. 42 is a proximal exploded perspective view of 
the drug release element of FIG. 41. 
0159 FIG. 43 is a cross-sectional view of the implant of 
FIG. 32. 

0160 FIG. 44 is a partial cross-sectional view of the 
implant of FIG. 32. 
0.161 FIG. 45 is a perspective view of an example embodi 
ment of a seal for use with a drug delivery ocular implant. 
0162 FIG. 46 is a perspective view of an example embodi 
ment of a proximal seal member for use with a drug delivery 
ocular implant. 
0163 FIG. 47 is a distal perspective view of another 
example embodiment of a drug delivery ocular implant. 
0164 FIG. 48 is a proximal perspective view of the 
implant of FIG. 47. 
(0165 FIG. 49 is a distal perspective view of another 
example embodiment of a drug delivery ocular implant. 
(0166 FIG. 50 is a proximal perspective view of the 
implant of FIG. 49. 
0.167 FIG. 51 is a cross-sectional view of the implant of 
FIG. 49. 
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0168 FIG.52 is a perspective view of an example embodi 
ment of an insertion tube for use with an ocular implant. 
(0169 FIG. 53 is a perspective view of another example 
embodiment of an insertion tube for use with an ocular 
implant. 
(0170 FIG. 54 is a flowchart of an example embodiment of 
a method for preparing a drug delivery ocular implant. 
(0171 FIG. 55 shows a perspective view of an example 
embodiment of an ocular implant. 
(0172 FIG. 56 shows a side view of the example embodi 
ment of an ocular implant of FIG. 55. 
0173 FIG.57 shows across-sectional view of the example 
embodiment of an ocular implant of FIG. 55. 

DETAILED DESCRIPTION 

0.174 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 holi 
day'). 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 cav 
ity, they may function as a reservoir for future administration 
of the same or a different therapeutic agent, or may also 
function to 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 biodegrad 
able. 
0175 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 mini 
mizes 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. 
0176). 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, dilu 
ents, lubricants, drug release control polymers or other 
agents, etc.), auxiliary agents or compounds as may be 
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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 “pharmacologi 
cal agent” and includes not only so-called Small molecule 
drugs, but also macromolecular drugs, and biologics, includ 
ing 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 com 
bination with the excipients described above. “Drug may 
also refer to an active drug itself or a prodrug or salt of an 
active drug. 
0177. 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 specification 
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. 
0178. 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 embodi 
ments is Substantially uniform in thickness, with the excep 
tion 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 embodi 
ments 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, ori 
fices, etc.), thereby creating defined regions from which the 
drug is preferentially released. In other embodiments, if the 
material of the outer shell is substantially permeable to a drug, 
the entire outer shell can be a 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. Depend 
ing on the context, these terms and phrases may be used 
interchangeably or explicitly throughout the present disclo 
SU 

0179. 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 
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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. 
0180. 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). 
0181. 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 embodiments, the 
implant body comprises a fluid flow pathway. In some 
embodiments, the implant optionally comprises a retention 
feature. In some embodiments, the drug is encapsulated, 
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 embodi 
ments, such implants are advantageous because they allow a 
variable amount of drug to be introduced (e.g., not con 
strained 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 produc 
tion of ocular fluid. In other embodiments, as discussed 
herein, the shunt counteracts 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). 
0182. In some embodiments, biocompatible drug delivery 
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 thera 
peutic 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 dimensioned such that they 
may be rolled or folded to be positioned within the lumen of 
a delivery instrument, for example a small diameter hollow 
needle. 
0183 Following implantation at the desired site within the 
eye, drug is released from the implant in a targeted and con 
trolled fashion, based on the design of the various aspects of 
the implant, preferably for an extended period of time. The 
implantandassociated 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. 
0184 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 
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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 pos 
terior region 30 of the eye which includes the macula 32. 

General 

0185. 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 configured 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 ante 
rior and posterior region of the eye in a controlled fashion. In 
yet other embodiments, the configuration 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 embodiments, 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 described herein 
may target one or more of these regions, and may also option 
ally be combined with a shunt feature (described below). 
0186. 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 inte 
rior 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 subdivided. 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 func 
tioning as a shunt. 
0187. In several embodiments, the drug (or drugs) is posi 
tioned within the interior lumen (or lumens) of the implant 
shell. In several embodiments, the drug is preferentially posi 
tioned 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 embodiments, the drug is preferentially 
positioned within the more proximal portion of the lumen. 
0188 In some embodiments, the drug diffuses through the 
shell and into the intraocular environment. In several embodi 
ments, the outer shell material is permeable or semi-perme 
able to the drug (or drugs) positioned within the interior 
lumen, and therefore, at least some portion of the total elution 
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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. “impermeable' or “semi permeable') are 
used herein to refer to a material being permeable to some 
degree (or not permeable) to one or more drugs ortherapeutic 
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 trans 
mission is negligible or very slight, e.g. less than about 3% of 
the total amount, including less than about 2% and less than 
about 1%. 

0189 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. 
0190. 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 Sur 
faces. In yet other embodiments, the polymeric coatings are 
biodegradable. Some embodiments comprise a non-poly 
meric 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 cov 
ering the one or more orifices, and areas of reduced thick 
nesses are used to tailor the rate of drug release from the 
implant. 
0191 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) con 
taining 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). 
0.192 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. 
0193 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 
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targeted for drug delivery, the outflow ports of the implant 
will drain ocular fluid to a remote region and/or a physiologi 
cal outflow pathway. 
0194 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 proximal 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. 
0.195. In still other embodiments, combination drug deliv 
ery-shunt implants may be positioned in any physiological 
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). 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 embodiments, the therapeutic 
effects of the delivered agent may be associated with 
unwanted side effects, such as fluid accumulation 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 features 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 physiological outflow pathway. 
0196. 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 incorporating a 
shunt feature, one or more outflow ports in the implant are 
positioned such that aqueous humor will drain into the uveo 
Scleral pathway. In several embodiments, aqueous humor will 
drain from the anterior chamber to the Suprachoroidal space. 
0197) 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 Suprachoroidal space, or 
other intraocular region, by application of a continual implan 
tation 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, dissection, 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. 
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0198 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 ori 
fices 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 vari 
able elution profiles. Still other embodiments are designed to 
stop elution completely or nearly completely for a predeter 
mined period of time (e.g., a "drug holiday) and later resume 
elution at the same or a different elution rate or elution con 
centration. Some Such embodiments elute the same therapeu 
tic agent before and after the drug holiday while other 
embodiments elute different therapeutic agents before and 
after the drug holiday. 

Drug Delivery Implants 

0199 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. 
0200 FIG. 2 depicts a cross sectional schematic of one 
embodiment of an implant in accordance with the description 
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 methods known 
in the art may also be used. In several embodiments, the outer 
shell is tubular in shape, and comprises at least one interior 
lumen58. 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 embodi 
ments, 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 embodiments 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 embodiments 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 posi 
tioned where needed to maintain the structural integrity of the 
implant. 
0201 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., 
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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. 
0202 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 mate 
rial. 
0203. 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 perme 
able by way of coatings or layers or impermeable (or less 
permeable) material placed within or on the outer shell. 
0204. In several embodiments, the outer shell also has one 
or more regions of drug release 56. In some embodiments 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, grind 
ing, molding and other similar techniques that remove mate 
rial from the outer shell. In other embodiments the regions of 
drug release are of a different thickness (e.g., some embodi 
ments are thinner and other embodiments are thicker) as 
compared to the Surrounding outer shell, but are manufac 
tured 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 thickness 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. 
0205 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 circumferential bands 
around the implant shell. 
0206 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 






















































































