
SUSTAINED RELEASE DEVICE AND METHOD FOR OCULAR.  DELIVERY OF CARBONIC
ANHYDRASE INHIBITORS Field of the Invention The present invention
relates to the field of sustained drug delivery to the  5 eye, and
particularly to the treatment and/or prevention of raised intracular
pressure, such as that associated with glaucoma or the use of
corticosteroids, by  sustained delivery of carbonic anhydrase
inhibitors to the eve. Background of the Invention 1. Carbonic
Anhydrase Inhibitors. 10 Glaucoma is one of the leading causes of
blindness in the developed  countries of the world. The chief
pathophy siologieal feature of glaucoma is raised  intraccular
pressure. Surgery and/or drugs intended to lower intraocular pressure
are  the most common treatments for glaucoma. The principal
pharmaceutical treabraents  in use today are the administration of
miotics (e.g., pilocarpine, carbachol and 15 echothiophate;, which
open the trahecular meshwork to increase the rate of fluid  flow out
of the eye; and the aduziatistrati<+azo/ beta blockers (e.g.,
tianalcai,  legvobunolol, catteolol; and betaxolol), a2 adrenoceptor
agonists (e.g., brimonidine),  and carbonic anhydrase inhibitors
(e.g., acetazolamide,, methazola n.ide, and  dorzolamidej, which
decrease the rate of fluid flow into the eye. 20 Inhibitors of
carbonic auhydrase prevent the enzyme from catalyzing the
combination of writer and carbon dioxide to form bicarbonate ions.
Inhibitors acting  upon carbonic anhydrase isoenzyme II in the
ciliary body produce a reduction in  intraocular pressure by
decreasing bicarbonate secretion, and thereby decreasing  aqueous
humor secretion, by the ciliary epithelial cells into the posterior
chamber. 25 Orally administered carbonic anhydrase inhibitors include
acetazolamide and  methazoleunide. Systemic inhibition of carbonic
anlrvdrase is associated with sign cant side effects, including
aplastic anemia, hypokalemia, nephroiithiasis,  paresthesias in hands
and face, malaise, anorexia, and .severe weight loss. For this
reason, oral carbonic anhydrase inhibitors are generally used only in
acute management of raised intraocular pressure, and they are used
chronically only as a  last resort, when topical agents have failed
to control intmocular pressure. 



Topical carbonic anhydrase inhibitors used in the management of open
angle  glaucoma include dorzolamide and hrinzolamide. The action of
these agents lasts 5 for 6-12 hours, meaning that they are relatively
shoat-term agents that must be  administered two or three times
daily. Furthermore, self-administ avian of eye drops  often results
in a substantial portion of the drop being lost due to overflow. A
substantial portion of the drug solution that is delivered to the
ocular surface is then  immediately washed away by tears, Moreover,
that portion of the drug which does 10 penetrate the cornea results
in an initial peak tissue concentration, followed by a  gradual
decrease, so that before the next administration of the eye drops the
tissue  concentration may be below the concentration' needed to
create the, intended  pharmacological effect. The variable and
intermittent topical application of eye  drops, combined with the
vagaries of patient compliance with the prescribed 15 regimen, result
in cycles of high and low concentrations of topical anti-glaucoma
agents in the eye, and the possible cycling of intraocular pressure.
Because the  damage to the optic nerve caused by raised intraaocuiar
pressure can be cumulative,  the ideal treatment would maintain a
therapeutically effective amount of drug in the  eye at all times. 20
2, Ocular Drug Delivery Devices Certain sustained-release devices and
formulations adapted for  administration of drugs to the eye have
been described previously in the art, U.S.  Patent No, 6,196,991
issued to Cohort cnrdDiamond describes an ophthalmic insert  intended
for implantation into the lacrimal canaliculus of the eye. This
device 25 contains an internal reservoir of drug, and features a
surface opening through which  the drug is intended to diffuse.
Sustained-release systems adapted for placement  between the lower
lid and the eye, are disclosed in US. Patent boos, 3,416,530 and
3,618,604 issued to Ness, 3,626,940 issued to Zaf#aroni, 3,826,258
issued to  Abraham, 3,845,201 issued to Haddad and Loucas, 3,845,770
issued to Theeuwes et 3 al., 3,962,414 issued to Michaels, 3,993,07!
issued to Pguc;hi et al., 4,0l4,335  issued to Arnold. and 4,164,559
issued to Miyata, U3. Patent No. 5.824,072 issued to Wong describes
reservoir and polymer matrix ocular implants intended for
implantation, for example, into the choroid. U.S. Patent No,
5,476,511 issued to  



Gwen et a1, describes an ocular implant intended for implantation
beneath the  conjunctiva. U.S. Pahl: No. 6,416,'177 issued to'
Yaaeobi describes an ocular S implant for implantation onto the outer
surface of the sclera at the back of the eye.  Devices such as those
described above typically consist of a drug-containing  reservoir
surrounded by a perforate or permeable membrane that controls the
diffusion of the drug, or else a drug dispersed in a polymer matrix.
U.S. Patent No. 6,027,745 issued to Nakada describes a contact lens
formed  10 with an Internal reservoir for containing and releasing
drug substances, and U.S.  Patent No. 6,368,615 issued to Guttag
describes a contact lens having a releasable  drug covalently bound
to the lens material. U.S. Patent Nos. 6,217,895 and 6,548,078 issued
to Ono and: Ashton  describes the implantation of a sustained
reelease device into the vitreous cavity for  15 release of a
cortioosteroid. LU.S.'Patent No. 5,378,475 issued to Smith et at. and
U.S. Parent No. 5,902,598 issued to Chen and Ashton describe a
sustained-release device  comprising a drug core with lwO or more
polymeric coatings, one of which is an  impermeable layer that
partially coats the core and controls drag release, The device  is
stated to be suitable for treating ocular conditions when implanted
in the vitreous 20 cavity. U.S. Patent Nos. 5,7 73,419 and 6,001,386
issued to Ashton and Pearson  describe a device which is suitable for
implantation into the vitreous cavity, having a  core of a
low-solubility drug and a single permeable coating. U.S. Patent No.
6.3 75,972, issued to Ciuo and Ashton describes a device comprising
an inner core or  reservoir including a drug, in, inner tube
impermeable to the passage of the drug, an  25 impermeable member
positioned at the first and of the tube, and a permeable member
positioned at the second end of the tube through which the drug
diffuses,  Another embodiment of the `972 Patent includes aan
ixazpercneable outer layer  including a diffusion port that surrounds
the inner tube, impermeable member, and  permeable member. 30 A
device intended to provide sustained release of P. drug should also
provide  controlled release, l. e., it should approximate zero-order
or linear release over time,  3 so as to maintain not only prolonged
release but also a relatively constant and  



therapeutically effective concentration of the drug. The duration of
release should  be sufficiently long so that the insertion of the
device (and in the case of non- bioerodable devices, removal of
expended devices) is not inconveniently frequent. 5 This is
particularly an issue where insertion and removal must be carried out
by a  medical professional. Depending on the condition to be treated,
such devices may  provide for controlled release over a period of
weeks, months or even years. In matrix systems, drug is dispersed
throughout a polymeric matrix and is  released as it dissolves and
difhases out of the matrix. In matrix devices, the drug  I0 dispersed
it. the matrix may be present either in dissolved or dispersed form.
Release follows Heiden kinetics from devices where the drug is
dissolved, When  the drug is dispersed in the matrix, it is released
according to ti= kinetics until the  concentration in the matrix
falls below the saturation value, at which point the  release rate
slows down and Fickian release is observed, For these reasons, zero
15 order release can be difficult to achieve with matrix systems. In
some bioerodable systems, difiiision through the matrix is extremely
slow,  and drugs are intended to be released only as the matrix is
degraded, It has proven  to be difficult to use this approach to
achieve zero-order release, because monolithic  polymer devices do
nog: ordinarily undergo zero-order degradation, and "'S" type 20
kinetics arc more commonly c}bserved. An approximation of linear
release is achievable when a drug reservoir is  coated with a
rate-controlling permeable membrane. Drug diffusion across the
membrane is rate-limiting and is constant (zero order) as long as the
membrane  permeability and the solution concentration of drug in the
reservoir remain constant 25 (e.g., as long as there is undissolved
drug in the reservoir). Despite a great deal of effort in this field,
the devices produced to date are  not ideal in terms of meeting the
requirements of zero-order release over time,  prolonged release, and
a relatively constant and therapeutically effective  concentration of
drug, while at the same time being acceptable to patients and 30
medical professionals. In particular, there exists a need for an
improved method for  treating and/or preventing glaucoma and other
indications associated with raised 4 



intraocular pressure by administering carbonic anhydrase inhibitors
to the eye in a  manner that avoids the problems of variable drug
concentration associated with  topical administration without causing
systemic side effects. Brief Descriptiopn of the Invention 5 The
present invention provides a device and method for treating and/or
preventing raised intraocular pressure, such as that associated with
glaucoma or the  use of corticosteroids, with carbonic aahydrase
inhibitors, without the variability in  local concentration
associated with topically applied agents, and without the adverse
side effects associated with systemic agents. The invention provides
insertable 10 sustained-release devices adapted to maintain a
therapeutically effec Live  concentration of one or more carbonic
anhydrase inhibitors within the ciliary body  for an extended period
of time. The invention also provides a method: for [oral application
of one or more  carbonic anhydrase inhibitors to the eye, by means of
the devices of the invention,  15 and methods of treating int'aocular
pressure by ocular administration of one or more carbonic anhydrase
inhibitors, via insertion of the devices of the invention.  Brief Dgq
NO. I is aEi enlarged cross-sectional illustration of one embodiment
of a  sustained release drug delivery device in accordance with the
present invention, 20 FICT. 2 is an enlarged cross-sectional i l
ustation of a second embodiment of a  sustained release drub;
delivery device in accordance with the present invention, pitf. 3 is
an enlarged[ cross-rectaoual illustration of a third embodiment of a
sustained r eiease drug delivery device a a eoriltanr..e iti the
preset iuveatioo.  FIG. 4 is across-sectional illustration of the
embodiment illustrated in FIG,  25 2, taken at line 4-44. FIG, 5 is
is cross-sec. oval illustration of a sustained release drug delivery
device in acc rdance Fi it the present invention, adapted for
insertion into a lscrh.Eal  duct, etnil~ ~ger~gy#~ of the Rarven lion
The present invention provides a device and method for delivering and
maiintaining a therapeutic amount of at least one carbon o enhydrase
inhibitor in the  



5 ciliary body of the eye of a patient for an extended period of
time. The device is a sustained-reieasse drug delivery device
comprising at least one carbonic anhydrase  inhibitor, which can
maintain a therapeutically effective Concentration of the  carbonic
anhydrase inhibitor(s) within the ciliary body for an extended period
of  time. The method involves inserting such device into or in
proximity to the eye of a 10 patient, in order to deliver the
carbonic anhydrase inhibitor(s) to the ciliary body.  The device of
the present invention may be adapted fa>r insertion between the  eye,
and eyelid, preferably the lower eyelid. It may, in alternative
embodiments, be  adapted for insertion into the anterior or posterior
chambers, under the retina, into  the choroid, or into or onto the
sclera, In another embodiment, the device may be 1.5 adapted for
insertion into the. lacrimai canaliculus. In yet another embodiment,
the  device may be a contact leis or intraocular lens, or it may be
incorporated into or  attached to a contact lens or iniraocular lens,
.As used herein, even if not particularly called out, the term
"insert" means  insert, inject, implant, or administer in any other
fashion. The term "inserted" means  20 inserted, injected, implanted,
or administered in any other fashion. The term "insertion" means
insertion, injection, implantation, or administration in any other
fashion. Similarly, the term "insertable" means insertable,
injectable, implantable,  or otherwise adminstrable, The term
"patient," as used herein, refers to either a human or a non-hutraan
25 animal. Codrugs or prodrugs may be used to deliver carbonic
anhydrasc inhibitors in  a sustained manner, and may be adapted for
use in the embodiments of the present  invention discussed herein,
The term "codrug" as used herein means a compound  comprising a first
molecule residue associated with a second molecule residue, 30
wherein each residue, in its separate form (e,g., in the absence of
the association), is  6 an active agent or a prodrug of an. active
agent. The association between said  residues can be either ionic or
covalent and, in the ease of covalent associations,  either direct or
indirect through a linker. The first molecule can be the same or
different from the second, Codrugs, as that term is used herein, are
more fully  



5 described in U.S. Patent No, 6,051,576. As used herein, the terms
"drug," "agent," or "carbonic anhydrase inhibitor"  includes a
coding, prodrug, or a pharmaceutically acceptable salt form thereof.
Pharmaceutically acceptable salts include, but are not limited to,
sulfates,  hydrochlorides, and the like where the compound is basic,
and sodium salts where  10 the compound is acidic. As used herein,
"sustained-release device" or "sustained-release  formulation" means
a device or formulation that releases an agent over an extended
period of time in a controlled fashion. As also discussed elsewhere
herein, examples  of sustftiticd-release devices and formulations
suilable for the present invention may 15 be found in US. Patent No.
6,375,972, I.I.S. Patent No. 5,378,475, L.S. Patent No.  5,773,019,
and US, Patent No, 5,902,598, In one embodiment, the present
invention provides a suatainedhrelease drug  delivery device adapted
for insertion into or adjacent to the eye of a patient, where  the
drug delivery device, in whole or in part, is formed by co-extruding
(a) an inner 2(1 drug-containing core comprising at least one
carbonic anhyd are inhibitor and (h) an  outer polymeric layer. The
outer layer, which preferably is tubular in shape, may be  permeable,
ram%percnaaEale, or inipermeable to the drug. In certain embodiments,
the drug-containing core may be formed by admixing the drug with a
polymer  matrix prior to formation of the device. In such case, the
polymer matrix may or 2_ may not significantly affect the release
rate of the drug. The outer layer, the  polymer admixed with the
drug-containing core, or both may be biocrodible. The  co eYtrtfded
product can be segmented into a plurality of drug delivery devices.
Vie  devices may be left uncoated so that their respective ends are
open, or the devices  may be coated with, for example, an additional
polymeric layer that is permeable,  30 soma-pei nzealzle, or
impermeable to the drug. 7 As more Bully described in U,S,
Provisional Patent Application 10/428,214  and in U.S. Provisional
Patent Application by One et aL, filed September 11, 2003,  entitled
"Bioerodihle Sustained Release Drug Delivery Systems," the
co-extended  embodiment discussed above may be fabricated. by
forwarding a polymeric material 



a to a first extrusion device, forwarding at least one drug to a
second extrusion device,  co-extruding a mass including the polymeric
material and the drug, and forming the  mass into at least one
co-extruded drug delivery device that comprises a core  including the
drug(s) and an outer layer including the polymeric material. In
certain  embodiments, the drug(r) forwarded to the second extrusion
device is in admixture 10 with at least one polymer, The at least one
polymer may be a bioerodible polymer,  such as poly(vinyl acetate)
(PVAC), polycaprolaetonc (PCL), polyethylene glycol  (PEG), or
poly(dl-lactide-co-glycoide) (PLGA), In certain embodiments, the
drug(s) and the at least one polymer are admixed in powder form. The
outer layer maybe impermeable, semi-perrrieablc, or permeable to the
15 drug disposed within the inner dung-oonrainii:g core, and may
comprise any  biocompatible polymer, such as PCL, an ethylenelvinyl
acetate copolymer (EVA),  polyalkyl cyanoacralate, polyurethane, a
nylon, or PLGA, or a copolymer of any of  these, In certain
embodiments, the outer layer is radiation curable. In certain
embodiments, the outer layer comprises at least One drag, which may
be the same or 20 different than the drug used in the inner core.
While co-extrusion may be used to form a device according to the
invention,  other techniques may readily be used, For example, the
core can be poured into a  preforrtaed tube otherwise having one or
more of the characteristics of the present  invention. In certain
embodiments, the drug delivery device (formed by any of the 25
possible techniques) is in a tubular form, and may be segmented into
a plurality of  shorter products. In certain embodiments, the
plurality of shorter products may be  coated with one or more
additional layers, including at least one of a layer that is
permeable to the carbonic anhydrase inhibitor(s), a layer that is
semi-permeable to  such <tn g(s), and a layer that is bioerodible.
The additional layer(s) may include 3 C"; any biocompatible polymer,
such as PCL, EVA, polyalkyl cyanoacralate,  polyurethane, a nylon, or
PLGA, or a copolymer of any of these. It Materials suitable to form
the outer later and inner drug-containing core,  respectively, are
numerous. In this regard, U.S, Patent 6,375,972 describes ssuitable
materials for forming insertable co-extruded drug delivery devices,
which materials  



are included among those usable as materials for the outer layer and
inner drug 5 containing core. Preferably, the materials for certain
embodiments of the present  invention are selected for their ability
to be extruded without negatively affecting the  properties for which
they are specified. For example, for those materials that are to  be
impermeable to the drag, a material is selected that, upon being
processed  through an extrusion device, is or remains impermeable.
Similarly, hiocompatible 10 materials are preferably chosen for the
materials that will, when the drug delivery  device is fully
constructed, come in contact with the patient's biological tissues.
Suitable materials include PCL, EVA, PEG, polyvinyl acetate) (PVA),
poly(lactic  acid) (PLC), pclv(glycolic acid) (PGA), PLCA., polyalhyl
cvanoacralate,  polyurethane, nylons, or copolymers thereof. In
polymers including lactic acid 1.5 monomers, the lactic acid may be
D-, L-, or any mixture erD- and L- isomers.  The selection of the
material(s) to form the inner drag-containing core  involves
additional considerations. As one of skill in the art readily
appreciates,  extrusion devices typically include one or more heaters
and one or more screw  drives, plungers, or other pressuro-generating
devices; indeed, it may be a goal of 20 the extruder to raise the
temperature, fluid pressure, or both, of the material being
extruded, This can present difficulties when a pharmaceutically
active drug  included in the materials being processed and extruded
by the extruder is heated  and/or exposed to elevated pressures, This
difficulty can be compounded when the  drug itself is to be held in a
polymer matrix, and therefore a polymer material is also 25 mixed and
heated and/or pressurized with the drug in the extruder, The
materials  may he selected so that the activity of the drug in the
inner drug-coma srinf core is  sufficient for producing the desired
effect when inserted in a patient, Furthermore,  when the drug is
admixed with a polymer for forming a matrix upon extrusion, the
polymer material that forms the matrix is advantageously selected so
that the drug is  not destabilized by the matrix. Preferably, the
matrix material is selected so that  diffusion through the matrix has
little or no effect on the release rate, of the carbonic  antiydrase
inhibitor(s) from the matrix. 9 The materials from which the product
is made may be selected to be stable  



during the release period for the drug delivery device. The materials
may optionally  be selected so that, after the drug delivery device
has released the carbonic anhydrase inhibitor(s) for a predetermined
amount of time, the drug delivery device  5 erodes in situ, i.e., is
bioerodibie. The materials may also be selected so that, for the
desired life of the delivery device, the materials are stable and do
not significantly  erode, and the pore size of the materials does not
change, in certain embodiments  using a matrix with the drug core,
the matrix is hioerodible, while in other embodiments the matrix is
non bioerodible. 10 There are at least two functions of matrix
material selected for the inner  drum-containing core: to permit ease
of manufacture of the core, whether by  compression, extrusion,
ca-extrusion or some other process; and to inhibit, or  prevent,
decomposition of the drug in the core due to the migration into the
matrix  of biological molecules. The matrix material of the inner
drug-containing core 15 inhibits, and preferably prevents, the
passage of enzymes, proteins, and other  materials into the
drug-containing core that would lyse the drug before it has an
opportunity to be released from the device. As the core empties, the
matrix may  weaken and break down. Then, the outer layer will be
exposed to degradation from  both the outside and inside from water
and enzymatic action. Drugs having higher 20 solubilities are
preferably linked to form low solubility conjugates; alternatively,
drugs may be linked together to form molecules Jorge enough or
sufficiently  insoluble to be retained in the matrix. In addition to
one or more carbonic anhydrase inhibitors and matrix-forming
polymers, the inner drug-containing core may include any biomaterials
such as 25 lipids (including long chain fatty acids) and waxes, anti-
oxidants, and in some Gates,  release modifiers (e.g.. water). These
materials should be biocompatible and remain  stable during the
manu'bicturing process, In certain embodiments, the blend of active
drugs, polymers, and biomaterials should be extrudable under de-sired
processing  conditions. The matrix-forming polymers or any
biomaterias used should be able to  carry a sufficient amount of
active drug or drugs to produce therapeutically effective  0 actions
over the desired period of time. It is also preferred that the
materials used as  



10 drug carriers have no deleterious effect on the activity of the
carbonic anhydrase  inhibitor(s). in certain embodiments, the matrix
polymer(s) may be selected so that the  release rate of the drug(s)
from the matrix is determined, at least in part, by the 5
physico-chemical properties of the drug(s), and not by the properties
of the matrix.  The pl-I of the matrix may also be selected such that
it modifies the release rate of  the drug(s). For example, where a
drug is in free-.base form, the matrix may include  basic moieties,
e.g., having a pICa that is higher than that of the dreg, thereby
slowing the protonation rate and ultimately the release rate of the,
drug. The matrix 10 may also have moieties having a pha that is less
than but relatively close to that of  the free base drug, in either
of such embodiments, the matrix functions as a buffer  to the
protonalion of the free base drug and, ultimately, to its release
from the  device. In addition, the pH rricroenvironment of the matrix
may be varied by the  addition of basic additives or by the use of
phosphate or other standard buffers, 15 thereby controlling the
protonation of the drug(s) and its diffusion from the matrix.,  Iat
certain embodiments, the matrix material is selected so that
sustained release of  the drug is controlled by the rate of
protonation of the free-base drug, such that the  drug's difffusiou
through the matrix has little or no effect on the drug's release rate
frorn the matrix. 20 Tn certain embodiments, drug(s) may also be
included in the outer layer.  This may provide biphasic release with
an initial burst such that when such a system  is first placed in the
body, a substantial fraction of the total drug released is released
from the outer layer. Subsequently, more drug is released from the
inner drug  containing core. The drug(s) included in the outer layer
may be the same drug(s) as 25 inside the core, including one or more
carbonic anhydrase inhibitors. Alternatively,  the drugs included in
the outer layer may be different from the drug(s) included in  the
core. As noted in certain examples of the co-extruded embodiment
described  herein, it will be appreciated that a variety of materials
may be used for the outer  0 layer to achieve different release rate
profiles. For example, as discussed in the 



aforementioned '972 patent, an outer layer may be surrounded by a
permeable or  I1 impermeable additional layer, or may itself be
formed of, a permeable or semi- permeable material. Accordingly,
co-extruded devices of the present invention may  be provided with
one or more outer layers using techniques and materials holly
described in the'972 patent. Through the use of permeable or
semi-permeable 5 materials, drug(s) in the core may be released at
various rates. In addition, even  materials considered to be
impermeable may permit release of ding(s) or other  active agents in
the, core under certain Circumstances. 'T'hus, permeability of the
outer layer may contribute to the release rate of a drug(s) over
time, and may be used  as a parameter to control the release rate
over time for a deployed device. 10 in certain embodiments, the agent
has a permeability coefficient in the outer  layer of less, than
about 2x14- cm/s. In other embodiments the permeability  coefficient
in the outer layer is greater than 1x10-1 cm/s, or even greater than
lxi0  amts. In certain embodiments the permeability coefficient is at
least ixi0"s cm/s, or  even at least 1x14-3 arms, or at least 1xi0's
curls. 15 Further, devices may be. segmented into devices having, for
example, an  impermeable outer layer surrounding an inner
drag-containing Core, with each  segment being optionally further
coated by a semi-permeable or permeable layer to  control a release
rate through the exposed ends thereof. Similarly, the outer layer, or
one or more additional layers surrounding the device, may be bloc
rodible at a known 20 rate, so that Gore material is exposed after a
certain period of time along some or all  of the length of the tube,
or at one or both ends thereof: Thus, it will be appreciated  that.,
using various materials for the outer layer and one or more
additional layers  surrounding a co-extruded device, the delivery
rate for the deployed device may be  controlled to achieve a variety
of release rate profiles. 25 As more fuily described in US,
Provisional Applications Nos. 60di483,316,  certain embodiments
provide a polymer drug delivery system ("polymer system")  comprising
an inner Corp, or reservoir ("inner core") that contains a
therapeutically  effective amount of an agent, a first coating layer
that is impermeable, negligibly or  partially permeable to the agent
and, optionally, a second coating layer that is 



30 permeable or semi-permeable to the agent, Additional layers may
also optionally be  used, 12 In certain embodiments, the inner
elxugncontairiimg core has biocompatible  fluid and biocompatible
solid components, where the biocompatible solid is less  soluble in
physiological fluid than in the hioconipaible fluid, The
biocompatible  fluid may be hydrophilic, hydrophobic or amphiphilie;
may be polymeric or 5 nonpolymerie. Such fluid may also be a
biocompatible oil. in certain embodiments,  a bioeoinpatible solid
(e.g., a bioe.rodible polymer) is dissolved, suspended, or  dispersed
in the biocompatible fluid (to form a "biocompatible core
Gruponent").  At least one agent, such as a carbonic auhydrase
inhibitor, is also dispersed,  suspended, or dissolved in the
bioconnpatible core component. 10 The first coating layer surrounds
the inner core, is an impermeable,  negligibly or partially permeable
poyrner, and may feature one or more diffusion  ports or pores
(`<ports") that further allow the drug to diffuse from the core out
of the  system. The rate of drug release from such systems may be
controlled by the  permeability of a drug matrix in the inner core
(as described below), the solubility of 15 the agent in the
biocompatible core component, the thermodynamic activity of the
agent in the biocompatible core Component, the potential gradient of
the agent from  the inner core to the biological fluid, the size of
the diffusion port(s), and/or the  permeability of the first or
second coating layer. The first coating layer includes at least one
polymer and is preferably  20 biocrodible, but it may alternatively
be non-bioerodible, The first coating layer  covers at least part but
preferably not all of the surface of the inner core, leaving at
least one opening as a diffusion port through which the agent can
diffuse. Ira  second coating layer is used, it may partially cover or
cover essentially all of the first  coating layer and inner core, and
its permeability to the agent permits the agent to 25 diffuse into
the surrounding fluid. The first coating, in addition to or as an
alternative to providing one or more diffusion ports, may further
comprise a non- polymeric component that erodes in vivo, or it may
comprise two or more different  polymers (e.g., having different
monomer units, different molecular weights,  



different degrees of croslinking, and/or different molar ratios of
monomer units), at 30 least one of which erodes in vA'o, such that
alter implantation the first coating itself  is capable of developing
release ports that permit diffusion of the active agent. 1.3 A
variety of materials may be suitable to form the coating layer(s) of
these  embodiments of the present invention, Preferable polymers are
largely insoluble in  physiological fluids. Suitable polymers may
include naturally occurring or synthetic  polymers. Certain exemplary
polymers include, but are not limited to, PVA, cross 5 linked
polyvinyl alcohol, cross-limited polyvinyl butyrate, ethylene
ethylacrylate  copolymer, polyehtyl hexylacrylate, polyvinyl
chloride, polyvinyl acetals,  plasticized ethylene vinylacetate
copolymer, ethylene vinylchloride copolymer,  polyvinyl esters,
polyvinylbutyrate, polyvinylformal, polyazmizles,
polymethylmethacrylatc, polybutylmethacrylate, plasticized polyvinyl
chloride, 1.0 plasticized nylon, plasticized soft nylon, plasticized
polyethylene terephthalate,  natural rubber, polyisoprene,
polyisobutylene, polybutadiene, polyethylene,  pnlytetrafluaree
yleno, polyvinylidene chloride, polyacrylonitrile, crass-Baited
polyviay'lpyrrolidone, polytriflucrraohloraethylene chlorinated
polyethylene,  poly(1,44sopropyilldene dipeheazylene carbonate),
vinyiidene chloride, acrylontitrile 15 copolymer,
vinyl-chloride-diethyl femerale copolymer, silicone rubbers, medical
grade polydinzcdzpistloxanes, ethylene-propylene rubber,
silicone-carbonate  copolymers, vinylidene chloride-vinyl chloride
copolymer, vinyl chloride- acrylonitrile copolymer, and vinylidene
chloride-acryloni;.ridc copolymer. As noted above, where applied, the
biocormpatible core component includes  20 at least one
biocotnpatible solid (e.g., a bioerodible polymer) that is at least
partially  dissolved, suspended, or dispersed in a biocompatible
polymeric or noupolymeric  fluid or a hiocompatible oil. Further, the
biocompatibie solid is more soluble in. the  biocompatible fluid or
oil than the physiological fluid such that, when the device is
placed in contact with physiological fluid, the biocotnpatible core
component 25 precipitates or undergoes a phase trausitiou, The inner
core may be delivered as a  gel. It may preferably be delivered as a
particulate or a liquid that converts to a gel  upon contact with
water or physiological fluid. In some embodiments, the  



nonpolymeric fluid may include a drug in free base form. In certain
embodiments, the biocompatible fluid of the biocompatible core  i?
component is hydrophilic (e.g., PEG, cremophor, polypropylene glycol,
glycerol  monooleate, and the like), hydrophobic, or aanphiphilie. In
certain embodiments,  14 said fluid may be a monomer, polymer or a
mixture of the same. If used, the  biocompatible oil may be sesame
oil, miglyol, or the like, In certain embodiments, injectable
liq=uids maybe used that, upon Injection,  undergo a phase transition
and are transformed in situ into gel delivery vehicles. In  S certain
embodiments,, at least one polymer in the inner core may convert from
a drag-containing liquid phase to a drug-infused gel phase upon
exposure to a  physiological fluid, Technologies based on in Situ
gelling compositions are  described in U.S. Patent Nos, 4,938,763,
5,077,049, 5.278,202, 5,324,519, and  5,780,044, all of which may be
adapted to such embodiments of the present 10 invention, In certain
embodiments, the biocompatible solid of the biocompatible  core
component may be, for example, but without limitation, PLGA. In
certain  embodiments, the inner core is a viscous paste containing at
least 10% agent, or  preferably over 50% agent or, more preferably,
over 75% agent. In certain embodiments, the inner core comprises an
in situ gelling drug 15 delivery formulation comprising: (a) one more
carbonic anhydrase inhibitors; (b) a  liquid, semi-solid, or wax PEG;
and (c) a biocompatible and bioerodable polymer  that is dissolved,
dispersed, or suspended in the PEG. The formulation may  optionally
also contain additives, such as pore-farming agents (e.g,, sugars,
salts,  and water-soluble polymers), and release rate modifiers
(e.g., sterols, fatty acids, 20 glycerol esters, and the like). As
more fully described'in U.S, provisional Patent  Application No. 60;
482,677, such formulation, on contact with water or bodily  fluids,
undergoes exchange of the PEG for water, resulting in precipitation
of both  the polymer and the drug and subsequent formation of a gel
phase within which the  drug is incorporated. The drug subsequently
diffuses from the gel over an extended  25 period of time. A "liquid"
PEG is a polyethylene glycol that is a liquid at 20-30 C and  



ambient pressure. In certain preferred embodiments, the average
molecular weight  of the liquid .PEG is between about 200 and about
400 aasu, The PEG may be linear  or it may be a bfoabsorbable
branched PEG, for example as disclosed in U.S. Patent 30 Application
No, 2002/0032298, In certain alternative embodiments, the PEG may  be
a semi-soled or wax, in which case the molecular weight will be
larger, for 15 example 3,000 to 6,000 anru. It will be understood
that compositions comprising  semi-solid and waxy PEGS may not be
amenable to injection, and will accordingly  be implanted by
alternative means. In certain embodiments, the carbonic anhydrase
inhibitor(s) is dissolved in  5 PFts, while in other embodiments, the
drug is dispersed or suspended in PEG in the  form of solid
particles. In yet other embodiments, the drug may be encapsulated or
otherwise incorporated into particles, such as microspheres,
uanosplaeres, liposomnes,  lipospheres, micelles, and the like, or it
may be conjugated to a polymeric carrier.  Any such particles are
preferably less than about 506 microns in diameter, more 10
preferably less than about ISO microns. The polymer that is
dissolved, dispersed, or suspended in PEG of the  formulation
discussed above may be any biocompatible PLG'A. polymer that is
soluble in or miscible with PEG, and is less soluble in water. It is
preferably water- insoluble, and is preferably a bioerodable polymer.
The carboxyl termini of the 15 lac-ides and glyeolide-containing
polymer may optionally he capped, e.g., by  esteribcation, and the
hydroxyl termini may optionally be capped, e.g., by  etheri ication
or esterification. Preferably, the polymer is PLGA having a
lactide:glycolide molar ratio of between 20:80 and 90:10, more
preferably between 50:50 and 85:15. 20 The term "bioerodible" is
synonymous with "biodegradable" and is art- recognized, It includes
polymers, compositions and formulations, such as those  described
herein, that degrade during use. Biodegradable polymcrs typically
differ  from non-biodegradable polymers in that the former may be
degraded during use. In  certain embodiments, such use involves in
vivo use, such as in vivo therapy, and in 25 other certain
embodiments, such use involves in vitro use, In general, degradation



attributable to biodegradability involves the degradation of a
biodegradable polymer  into its component subunits, or digestion,
e.g., by a biochemical process, of the  polymer into smaller,
non-polymeric subunits. in certain embodiments,  biodegradation may
occur by enzymatic mediation, degradation in the presence o ' 30
water andlor other chemical species in the body, or both. l6 The
terms "biocompatible " and "bioeompatibility" when used herein are
art- recogalzed and mean that the referent is neither itself toxic to
a host (e.g,, an animal  or human), nor degrades (if it degrades) at
a rate that produces byproducts (e.g, .monomeric or oligorneric
subunits or other byproducts) at toxic concentrations, 5 causes
inflammation or irritation, or induces an immune reaction, in the
host. It is  not necessary that any subject composition have a purity
of 100% to be deemed  biocompatible. Hence, a st bject c zmposition
may comprise 99%, 98%,, 97%, 96%,  95%, 90% 85%, 80%", 75% or even
less of biocompatible agents, e.g., including  polymers and other
materials and excipients described herein, and still be 10
biocompatible. In certain embodiments, a polymer system is inj ccl:ed
or otherwise inserted  into a physiological system (e.g., a patient).
Upon injection or other insertion, the  polymer system will contact
water or other immediately surrounding physiological  Rid that will
enter the polymer system and contact the inner core. In certain 15
embodiments, the core materials may be selected so as to create a
matrix that  reduces (and thereby allows control, of) the rate of
release of the agent from the  polymer system. In preferred
embodiments, the agent's rate of release from the polymer  systear is
limited primarily by the penneabiity or solubility of the agent in
the 20 matrix. However, the release rate may be controlled by various
other properties or  factors. For example, but without limitation,
the release rate may be ,ontroiled by  the size of the diffusion
port(s), the permeability of the second coating layer of the  polymer
system, the physical properties of the inner core, the dissolution
rate of the  inner core or components of said core, or the solubility
oftbe agent in the 25 physiological fluid immediately surrounding the
polymer system. 



In certain embodiments, the rate of release of the agent may be
limited  primarily by any oFthe foregoing properties. For example, in
certain embodiments,  the rate of release of the agent may be
controlled, or even limited primarily by, the  size of the diffusion
port(s). Depending on the desired delivery rate of the agent, the 30
first coating layer may coat only a small portion. of the surface
area of the inner core  for faster release rates of the agent (i.e,
the diffusion port(s) is relatively large), or may coat large
portions of the surfaee area of the inner core for slower release
rates  of the agent (Le., the dif bsion port(s) is relatively small).
For faster release rates, the first coating layer may coat up to
about 10% of  the surface area of the inner core, in certain ennl;
odiments, approximately 5-10% of  r the surface area of the inner
core is coated with the first coating layer for faster  release
rates. Certain embodiments may achieve desirable sustained release if
the first  coating layer covers at least 25% of the surface area. of
the inner core, preferably at  least 50% of the surface area, more
preferably at least 75%, or even greater than 10 85% or 95% of the
surface area. In certain ennlzodittrenis, particularly where the
agent is readily soluble in both the bioeompatihle core component and
the biological  fluid, optimal sustained release may be achieved if
the first coating layer covers at  least 98% or 99% of the inner
core. Thus, any portion of the aurface area of the  inner core, up to
but not including 100%, may be coated -with the first coating layer
15 to achieve the desired rate of release of the agent. The first
coating layer may be positioned anywhere on the inner core,
including, but not limited to, the top, bottom, or any side of the
inner core. In  addition, it could be positioned on the top and a
side, or the bottom and a side, or the  top and the bottom, or on
opposite sides or on any combination of the top, bottom, 20 or sides.
As described herein, it may also cover the inner core on all sides
while  leaving a relatively small uncovered place as a port. The
composition of the first coating layer is selected so as to allow the
above-described controlled release. The preferred composition of the
first layer may  vary depending on such factors as the active agent;
the desired rate of release of the 25 agent and the mode of
administration. The identity of the, active agent is important  



because its molecular size may determine, at least in part, its rate
ofrelease into tine  second coating layer if used. In certain of such
embodiments, the release rate of the agent from the inner  core may
be reduced by the permeability of the second coating layer. In
certain  30 embodiments, the second coating layer is freely permeable
to the agent, In certain embodiments, the second coating layer is
semi-permeable to the agent. In certain 1s embodiments, the agent has
a permeability coefficient in the second coating layer of  less than
about lxlO3 cm/s. In other embodiments the permeability coefficient
in  the second coating layer is greater than Ixlil"i eels, or even
greater than 1x14"1  eels, In certain embodiments the permeability
coefficient is at least lxiO'5 cm/s, or  suers at least lx l (l-3
osazs, or at least lxiecm/s in the second layer. In certain
embodiments, the inner core undergoes a phase change and  converts to
a gel upon insertion of the polymer system in a physiological system.
The phase change may reduce the rate of release of the agent from the
inner core.  For example, where at least part of the inner core is
provided first as a liquid and 10 converts to a gel, the gel phase of
the biocomzpatible core component may be less  permeable to the agent
than is the liquid phase. In certain embodiments, the  biocompatible
core component in gel phase is at least 10% or even at least 25% less
permeable to the agent than is the liquid phase, In other
embodiments, the  precipitated biocompatible solid is at least 50% or
even at least 75% less permeable 15 to the agent than is the
biocompatihle fluid. In certain embodiments, interaction of  the
inner core with the physiological fluid may alter the solubility of
the agent in the  cores For example, the inner core is at least 10%
or even at least 25% less  sohahiliziog to the agent than before
interaction with physiological fluid. In other  embodiments, the gel
phase is at least 50% or even at least 75% less solubilizing. 20 In
certain embodimenls, the rate at which the biocompatihie solid and/or
fluid components of the inner core dissolve may impact the rate of
release of the  agent. In certain embodiments, as the biocompatible
core component erodes or  dissolves, the rate of release of the agent
may increase, For example, less than about  10% of the bioconxpatible
,core component may erode over a period of about 6 hours. 



25 This may increase the rate of release of the agent by less than
about 10% over that  time. In certain embodiments, the biocompatlble
core, component may erode or  dissolve more slowly {e>g., less than
about 10% over a period of about 24 hours, or  even over a period of
multiple days, weeks, or even months). In certain  embodiments, such
erosion may occur more rapidly (e.g., greater than about 10%  over a
period of about 6 hours, in certain embodiments even greater that.
25% over a  period of about 6 hours). 19 In certain embodiments. the
release rate of the agent from the inner core may  be controlled by
the ratio of the agent to the biocorapatible solid component of the
core (also referred. to as the 'drug loading"). By changing the drug
loading,  different release rate profiles can he obtained. Increasing
the drug loading may 5 increase the release rate, For a slower
release profile, drug loading may be less than  10%. and preferably
less than No, For a faster release prof le, drug loading maybe  more
than 10%, and preferably more than 20%, or even greater than 50%.
Thus, the rate of release of the agent according to the invention may
be  limited primarily by any of the above properties or any other
factor. For example, I U but without Iixnitation, the release rate
may be controlled by the size andior location  of the diffusion
port(s), the permeability or other properties of the first or a
second  coating layer in the polymer system, the physical properties
of the inner core, the  dissolution rate of the biocompatible core
component, the solubility of the agent  within the inner core, the
solubility of the agent in the physiological fluid 15 immediately
surrounding the polymer system, etc. The phrase "limited primarily
by" when used herein refers to the factor(s)  associated with the
rate-determining step in the release rate of an agent from the
inventive system. For example, but without limitation, where the rate
of release  (e.g., the rate-determining step) is a result of a
property of the matrix (e.g., size of 20 the diffnsioa port), the
rate of release is also said to be "limited primarily by" such
property.ln some embodiments, the devices of the present invention
utilize a  sustainer.-release formulation containing a
therapeutically effective amiount of at  least one carbonic anhydrase
inhibitor. Such formulations are more fully described  



in U,S, Provisional Patent Application No. 60/442,499. In such
embodiments, it is 25 preferred that the carbonic anhydrase inhibitor
be a free base that is provided, for  example, as a hydrophobic
viscous oil. As used herein, the term "free base" means  an agent
with a basic nitrogen moiety that exists primarily in protonated
(salt) form  if the agent is dissolved in voter, The free base has a
eoningate acid with a pKa  greater than about 4 and less than about
14, preferably greater than about 5 and less 30 than about 12,
Without limitation, moieties that typically include a basic nitrogen
are arnines, hydrazines, anilines, pyridines, amidines, and
guandines. 20 In other formulations of such embodiments, the
therapeutic agent is a  protonated acid. As used herein, the terra
"protonated acid" means an agent having  a moiety capable of being
deprotonated in aqueous solution to form a salt, where the  moiety
has a pica greater than about 4 but less than about 14, preferably
greater than i about 5 but less than about 12. Without limitation,
exemplary acidic moieEies  include carboxylate, phosphate,
sulfonamide, thiol, imidazole, and i aide. The carbonic anhydrase
inhibitor in its salt form (e.g., the unprotonated form  of the
protonated acid and the protonated form of the free-base) is
preferably highly  soluble in water, whereas the agent itself, e.g ,
protonated acid or free-base, I 0 preferably has a low solubility in.
water. As discussed herein, an agent in flee-base form is referred to
as being in  "uncharged" or "charge-neutral" form; when protonated,
such an agent is referred to  as being in "charged," "protonated," ;
or "salt" form, Analogously, a protonated acid  agent is referred to
as being in "uncharged" or "charge-neutral" form; in its 15
deprotonated form, such an agent is referred to as being in "charged;
"  "deprotonated," or "salt" form. Without wishing to be bound by any
particular mechanism, it is expected that  release of a free-base
agent occurs at a given p ysioloric site as the flee base  diffuses
from the inner core of a sustained-release device or: the present
invention 20 and becomes protonated in the physiological fluid. Upon
protonation, the agent  dissolves in the surrounding fluid, In
embodiments utilizing a protonated acid, it is  expected that the
release of the agent occurs as the acid diffuses from the inner core



and becomes deprotonated in the physiological fluid, whereupon the
agent dissolves  rapidly into the fluid, In either embodiment, it is
expected that the rate of release of 25 the agent is controlled more
by the rate of ionization of the agent rate of  protonation of the
free base or rate of deprotonation of the protonated acid) than by
the rate ofthe agent's diffusion from the inner core or the rate of
the charged agent's  dissolution in the immediately surrounding
fluid. In certain embodiments, the coating layer(s) maybe tbrmed with
the 30 carbonic anhydrase inhibitor(s) as a substantially homogeneous
system, formed by  mixing one or more suitable monomers with the
agent(s), then Polymerizing the  21 monomer to form a polymer system.
in this way, the agent is dissolved or dispersed  in the polymer. In
other embodiments, the agent is mixed into a liquid polymer or
polymer dispersion and than the polymer is further processed to form
the inventive  coating(s), Suitable further processing may include
crosslinking with suitable 5 crosslinking agents, further
polymerization of the liquid polymer or polymer  dispersion,
copolymerization with a suitable monomer, block copolymerization with
suitable polymer blocks, etc. The further processing traps the agent
in the polymer  so that the agent is suspended or dispersed in the
polymer system. In certain embodiments, the solubility in water of
the uncharged tbrm of the  10 agent is less than 10 mg/ml, or even
less than 1,0 mg/ml, 0.1 mg/ml, 0.01 mg/mI or  0.001 mg/ml. In
certain embodiments, the agent in its salt form is at least 10 times
more soluble in water relative to the uncharged form, or even at
least 100, 1000 or  preferably 10,000 times more soluble in water
relative to the uncharged form of the  agent. 15 Exemplary carbonic
anhydrase inhibitors for sustained-release formulations  of such
embodiments are these that are highly soluble in their salt forms,
but have  low solubility in their respective free-base or protonated
acid foram, such as, but not  limited to, dorzolamide hydrochloride,
acetazolamide, brinzolamide, methazolamide, and dichiorphenamide. 20
Another embodiment of the present invention provides a
sustained-release  drug delivery device adapted for insertion hate or
adjacent to the eye of a patient,  



where the drug delivery device comprises: (1) an inner drug core
comprising at least one carbonic anhydrase inhibitor;  (ii) a first
coating that is impermeable to the passage of the at least one ?5
carbonic anhydrase inhibitor, having one or more openings therein
through which the at least one carbonic anhydrase inhibitor can
diffiase,  and which is substantially insoluble and inert in body
fluids and  compatible with body tissues; and (iii) one or more
additional coatings that are permeable to the passage of the  34 at
least one carbonic anhydrase inhibitor, and which are substantially
insoluble and inert in body fluids and compatible with body tissues;
22 wherein the impermeable and permeable coatings are disposed about
the inner core,  so as to produce, when inserted, a constant rate of
release of -the at least one carbonic  anhydrase inhibitor from the
device, Such a sustained-release device is disclosed in  tJ.S. Pat.
No. 5,378,475. 5 While embodiments of the device described in the
'475 Patent solve many  of the problems pertaining to drug delivery,
polymers suitable for coating the inner  core are frequently
relatively soft and technical difficulties can arise in the
production of uniform films. This is especially true when attempting
to coat non- spherical bodies with edges, such as those having a
cylindrical shape. In such cases.  10 relatively thick films must be
applied to achieve uninterrupted and uniform coatings, which adds
significant bulk to the device, Alternatively, the added bulk of the
film  coating can be accommodated by limiting the internal volume of
the device, but this  limits the amount of drug that can be
delivered, potentially limiting both efficacy  and duration, 15 The
issue of device size is extremely important in the design of devices
for  insertion into or in the vicinity of the eye. Larger devices
require more complex  procedures to both insert and remove, and
involve an associated increased risk of  complications, longer
healing or recovery periods, and potential side effects. The irfoz
zx9enti reci 17.5. Patent No. 5,902,593 presen solutions to the 20
problems of manufacturing devices that are small enough for insertion
into or in the  



vicinity of the eye, by loading a drug composition into a preformed
shell rather than  attempting to Coat the drug core, but
manufacturing difficulties can arise with this  method. In
particular, the impermeable inner coating laver that immediately
surrounds the drug reservoir is typically so thin that the shell is
not capable of 25 supporting its own weight. While beneficial from
the standpoint of reducing the, size  of the device while still
sealing the drug reservoir, the relative flaccidity of this inner
layer makes it difficult to load the reservoir with a dru . Because
this inner layer  does not have the dimensional stability or
structural strength to accept the  introduction of a drug core
Nithotu changing shape, a relatiyely solid drug or drug- containing
mixture must be used in order to. manufacture the device. Loading a
drug  slurry into an inner layer that does not hold its own shape
results in the combination 23 of the drug slurry and inner layer
being extremely difficult to handle during  manufacture without
damaging it, because the inner layer collapses and the drug-
containing mixture flows out. An illustrative analogy may be made to
the task of  filling a plastic bag with water. f. As more fully
described in I.S. Patent No. 6,375,972, yet another  embodiment of
the present invention addresses these problems by providing a
sustained-release drug delivery system comprising an inner reservoir
containing a  drug core comprising at least one carbonic anhydrase
inhibitor, and an inner tubular  covering that is substantially
impermeable to the passage of the drug and. that covers 10 at least a
portion of the drug core. The term "substantially impermeable,"' as
used  herein, means that the layer will not allow passage of the
carbonic anhydrase  inhibitor(s) at a rate sufficient to affect
intraocular pressure if it completely covers  the drug core,
Conversely, a permeable layer will allow passage of the carbonic
anhydrase inhibitor(s) from the device at a rate that is sufficient
to affect intraocular 15 pressure. It will be appreciated that the
invention operates on the premise that  diffusion through the
permeable layer(s) is faster than diffusion through the
substantially impermeable layer. The inner tubular covering is sized
and formed of. a material so that it is  capable of supporting its
own weight, and has first and second ends such that the  



3Ct tubular covering and the two ends define an interior space for
containing a drug reservoir,A substantially impermeable member is
positioned at the first end, said  impermeable member preventing
passage of the carbonic anhydrase inhibitor(s) out  of the reservoir
through the first end, and a permeable member is positioned at the
second end, which allows diffusion of the carbonic anhydrase
inhibitor(s) out of the  25 reservoir through the second end, The
drug reservoir of such embodiments occupies a space defined by the
tubular wall of the device and its termini, The reservoir may be
filled with one or  more fluid drug core compositions, including, but
not limited to, solutions,  suspensions, slurries, pastes, or other
non-solid drug formulations containing a 3 0 carbonic anhydrase
inhibitor(s), The reservoir may also be filled with a non-fluid  24 a
gum, gel,, or solid) drug core comprising at least one carbonic-
anhydrase  inhibitor, In any event, it will be appreciated that as
the carbonic anhydrase inhibitor(s)  is released from the device over
time, a non-luid drug core that physically erodes as  5 the drug
dissolves away will not continue to fully occupy the reservoir
volume. Applicants have found that a tube that has dimensional
stability and is capable of  supporting its own weight can accept a
drug core therein without changing shape,  and retain its structural
integrity as the drug is released. Because the reservoir is  defined
by a relatively rigid tubular shell, the reservoir will maintain its
shape and 10 size, and so the regions of the device through which
drug diffusion takes place will  not change in area. As described in
the equations below, constant diffusion area  favors a constant We of
drug release, The use of a sufficiently rigid tube of material to
hold the drug reservoir  during manufacture also makes for
significantly easier handling of the tube and 15 reservoir, because
the tube fled} supports both its own weight and the weight of tho
reservoir even when the reservoir is not solid. the pro-formed tube
used in the  present invention is not a :ample coating, because a
coating is typically not pre- formed and cannot support its own
weight, Also, the rigid structure of such  embodiments allows the use
of drug slurries drawn into the tube, which facilitates 



243 the fabrication of longer cylindrical devices, Furthermore,
because of the relative  ease of manufacturing devices in accordance
with such embodiments, more than one  reservoir, optionally
containing more than one drug, can be incorporated iul:o a  single
device. During use the invention, although the size and/or shape of
the drug core 25 may change as drug dissolves and diffuses out of the
device, the tube that defines the  volume of the drug reservoir is
sufficiently strong or rigid to maintain a substantially  constant
diffusion area, so that the diffusion rate from the device does not
change  substantially despite dimensional changes in the drug core.
Byway of example anci  not of limitation, an exemplary method o:f
ascertaining if the Who is sufficiently rigid 30 is to form a device
in accordance with the present invention, and to measure the
diffusion rate of the drug from the device over time. If the
diffusion rate charges  25 more than 50% from the dif hsion rate
expected based on the chemical potential  gradient across the device
at any particular time, the tube has changed shape and is  not
sufficiently rigid. Another exemplary test is to visually inspect the
device as the  drug diffuses over time, looking for signs that the
tube has collapsed in part or in 5 full. The use of permeable and
impermeable tubes in accordance with the present  invention provides
resistance to reverse flow, i.e., flow back into the device. The
tube or tubes assist: in preventing barge proteins from binding,
solubxhzinp, or  degrading the carbonic anhydrase inhibitor(s) before
it leaves the drug reservoir. 10 Also, the tube or tubes assist in
preventing oxidation and protein lysis, as well as  preventing other
biological agents from entering the reservoir and degrading the
contents. It will be understood that "reservoir" generally refers to
the inner volume of  the device in the sense that it acts as a
container, and "core" generally refers to the  15 contents of the
container. However, the terms "core" and "reservoir" are occasionally
used interchangeably in describing the devices of the invention,
because as initially manufactured the drug core and the drug
reservoir that contains  it are essentially co-cxtcnsive. As the
device delivers the carbonic anhydrase  



inhibitor(s) during use, however, a solid drug core may gradually
erode, and no 20 longer be co-extensive with the drug reservoir that
contains it. Turning new to the drawing fg res, FIG. 1 illustrates a
longitudinal cross- sectional view of a drug delivery device 100 in
accordance with the present  invention. Device 100 includes an outer
layer 110, an inner tube 112, a reservoir or  drug core 114, and an
inner cap 116. Outer layer 110 is preferably a permeable 25 layer,
that is, the outer layer is permeable to the carbonic anhydrase
inhibitor(s)  contained within reservoir 114. Cap 116 is positioned
at one end of tube 112. Cap  116 is preferably formed of a
substantially impermeable material, that is, the cap is  not
permeable to the carbonic anhydrase inhibitor(s) contained within
reservoir 114.  Cap 116 is,joined at end 1.18, 120 of inner tribe
112, so that the cap and the inner 30 tube together close off a space
in the tube in which reservoir 114 is positioned,  2$ Inner tube 112
and cap 116 can be formed separately and assembled together, or the
inner tube and the cap can be formed as a single, integral,
monolithic element, Outer layer 110 at least partially, and
preferably completely, surrounds both.  tube 112 and cap 116, as
illustrated in FIG, 1. Wile it is sufficient for outer layer 5 1 0 to
only partially cover tube 112 and cap 116, and in particular the
opposite, ends  of device 100, the outer layer is preferably formed
to completely envelop both the  tube and cap to provide structural
integrity to the device, and to facilitate farther  manufacturing and
handling because the device is less prone to break and fall apart.
While FIG. I illustrates cap 116 having an outer diameter the same as
the outer 1} diameter of inner tube 112, the cap can be sized
somewhat smaller or larger than the  outer dianreler of the inner
tube while remaining within the spirit and scope of such  embodiments
of the present invention. Reservoir 114 is positioned inside inner
tube 112, as described above.A  first end 122 abuts against cap 116,
and is effectively sealed by the cap against the  15 diffusion of
drug through the first end. On the end of reservoir 114 opposite cap
116, the reservoir is preferably in direct contact with outer layer
110. As will be  readily appreciated by one of ordinary skill in the
art, as carbonic anhydrase  inhibitor(s) is released from a non-ffmd
core contained within reservoir 114, the core  



may shrink or otherwise change shape, and therefore may not fully or
directly 20 contact outer layer 110 at the end of the reservoir
opposite cap 116. As outer layer  110 is permeable to the carbonic
anhydrase inhibitor(s) in reservoir 114, the drug is  free to diffuse
out of the reservoir along a first flow path 124 into portions of
outer  layer 11.0 immediately adjacent to the open end of the
reservoir. From outer layer  1.10, the drug is free to difhase along
flow paths 126 out of the outer layer and inaa 25 the tissue or other
anatomical structure in which device 100 is inserted. Optionally,
holes can be formed through inner layer 112 to add additional flow
paths 126  between reservoir -114 and permeable outer layer I10, FIG,
I illustrates only the positions of the several components o device
100  relative to one anolxaer, and for case of illustration shows
outer layer 11 0 and inner  tube 112 as having approximately the same
wall thickness. The thickness of the  layer and wall are exaggerated
for ease of illustration, and are not drawn to scale. While the walls
of outer layer 110 and inner tube 112 may be of approximately the
same thickness, the inner tube's wail thieisness can be significantly
thinner or thicker  than that of the outer layer within the spirit
and scope of the present invention.  Additionally, device 100 is
preferably cylindrical in shape, for which a transverse 5
cross-section (not illustrated) will show a circular err ss section
of the device. While  it is preferred to manufacture device 100 as a
cylinder with circular cross-sections, it  is also within the scope
Ezrthe invention to provide cap 116, carbonic anhydrase  inhibitor(s)
reservoir 114, inner tube 112, and/or outer layer 110 with other
cross- setittons, such as ovals, ellipses, rectangles, including
squares, triangles, as well as 10 any other regular polygon or
irregular shapes, Furthermore, device 100 can  optionally further
include a second cap (not illustrated) on the end opposite cap 116;
such a second cap could be used to facilitate handling of the device
during  fabrication; and would include at least one through hole for
allowing carbonic  anhydrase inhibitor(s) from reservoir 114 to flow
from the device, Alternatively, the 15 second cap may be formed of a
permeable material. Where the device is adapted for insertion into
the lacrimal canaliculus, inner  tube 112, 212, or 312 will be sized
to fit within the lacrimal canaliculus, and will  preferably be
formed with a collarctte, sized to rest on the exterior of the
lacrimal  



punetnrn, at the end opposite cap 116, 242, or 316. It will be
appreciated that 20 permeable outer layer 110, 210, or 310 need not
cover the entire device in this  embodiment, as drug release will
preferably be limited to the region of the device  intended to remain
external to the canalicnlus. FIG.2 illustrates a device 200 in
accordance with a second example of such  embodiments of the present
invention. Device 200 includes an impermeable inner  25 tube 212, a
carbonic anbydrase inhibitor(s) drug core 214, and a permeable plug
210. Device 200 optionally and preferably includes an impermeable
outer layer 210,  which adds mechanical integrity and dimensional
siabillty to the device, and aids in  x sr Eafa ttiring ,arid
handling the device. As illustrated in FIG. 2, drug core 21.4 is
positioned in the interior of inner tube 212, in a fashion similar to
core 114 and inner 30 tube 112 described above, Plug 216 is
positioned at one end of inner tube 212, and  is joined to the inner
tube at end 218, 220 of the inner tube. While plug 216 may  extend
radially beyond inner Cube 212, as illustrated in FIG. 2, the plug
may 28 alternatively have substantially the same radial extent as, or
a slightly smaller radial  extent than, the inner tube, while
remaining within the scope of the, invention, As  ping 216 is
permeable to the carbonic anhydrase inhibitor(s) contained in the
reservoir, the carbonic anhydrase inhihitnr(s) is free to diffuse
through the plug from 5 the reservoir. Plug 216 therefore most have a
radial extent that is at least as large as  the radial extent of
reservoir 214, so that the primary difnsion pathway 230 out of  the
reservoir is through the plug. On the end of inner tube 212 opposite
plug 216,  the inner tube is closed off or sealed only by outer layer
210, as described below.  Optionally, a substantially impermeable cap
242, which can take the form of a disc, 10 is positioned at the end
of reservoir opposite plug 216. When provided, cap 242 and  inner
tube 2 t 2 can be formed separately and assembled together, or the
inner tube  and the cap can be formed as a single, integral,
monolithic eexent= Outer tube or layer 210, when provided, at least
partially, and preferably  completely, surrounds or envelopes inner
tube 212, carbonic anhydrase inhibitor(s)  15 reservoir 214, plug2
16, and optional cap 242, except for an area immediately adjacent to
the plug which defines a port 224. Port 224 is, in preferred  



eagbociiruetfts, a hole or blind bore which leads to plug 216 from
the exterior of the  device, As outer layer 210 is formed of a
material that is impermeable to the  carbonic anhydrase inhibitor(s)
in reservoir 214, the ends of inner tube 212 and 20 reservoir 214
opposite plug 216 are effectively sealed off, and do not include a
diffusion pathway for the carbonic anhydrase inhibitor(s) to flow f
om the reservoir,  According to a preferred embodiment, port 224 is
fonmed immediately adjacent to  plug 216, on an end 238 of the plug
opposite end 222 of reservoir 214. Plug 216 and  port 224 therefore
include diffusion pathways 230, 232, through the plug and out of
device 200, respectively. 35 While port 224 in the embodiment
illustrated in FIG. 2 has a radial extent  that is approximately the
same as inner tube 212, the port can be sized to be larger or
smaller, as will be readily apparent to one of ordinary skill in the
art. For example,  instead of forming port 224 radially between
portions 228, 230 of outer layer 210, 30 there portions 228, 230 can
be removed up to line 226, to increase the area of port  224. Port
224 can be further enlarged, as by forming outer layer 210 to extend
to  cover, and therefore seal, only a portion or none of the radial
exterior sur:Esce 240 of 29 ping 216, thereby increasing the total
surface area of port 224 to include a portion or  all of the outer
surface area of the plug. In accordance with yet another embodiment
of the invention, port 224 of  device 200 can be formed immediately
a4jaceat to radial external surface 240 of 5 plug 216, in addition to
or instead of being formed immediately adjacent to end 238  of the
plug. As illustrated in FIG. 4, port 224 can include portions 234,
236, which  extend radially away from plug 216. These portions can
include large, continuous,  circumFerential and/or longitudinal
portions 236 of plug 216 which are not enveloped by outer layer 210,
illustrated in the bottom half of Flo. 4, ardlor can  0 include
numerous smaller, circumferentially spaced apart portions 234, which
are  illustrated in the top half of FIG. 4. Advantageously, providing
port 224  immediately adjacent to radial external surface 240 of plug
216, as numerous,  smaller openings 234 to the plug, allows numerous
alternative pathways for the  



carbonic anhydrase inhibitor(s) to diffuse out of device 200 in the
event of a 15 blockage of portions of the port. Larger openings 236,
however, benefit from a  relative ease in manufacturing, because only
a single area of plug 216 need be  exposed to form port 224,
According to yet another embodiment ofthe invention, plug 216 is
formed of  a substantially impermeable material and outer layer 210
is formed ofa permeable  0 material. A hole or holes are formed,
e.g., by drilling, through one or more of inner layer 212, cap 242,
and plug 216, which permit carbonic anhydrase inhibitor( s) to be
released from reservoir 214 through outer layer 210, According to
another  embodiment, plug 216 is eliminated as a separate member, and
permeable outer  layer 210 completely envelopes inner tube 212 and
cap 242 (if provided). Thus, the 25 diffusion pathways 230, 232 are
through outer layer 2l 0, and no separate port, such  as port 224, is
necessary. By completely enveloping the other structures with outer
layer or tube 210, the system 200 is provided with further
dimensional stability.  Further optionally, plug 216 can be retained,
and outer layer 210 can envelop the  plug as well. 3 According to yet
another such embodiment of the present Invention, inner  tube 212 is
formed of a permeable material, outer layer 210 is former/ of an 30
impermeable material, and cap 242 is formed of either a permeable or
an  impermeable material. Optionally, cap 242 can be eliminated. As
described above,  as outer layer 210 is impermeable to the carbonic
anhydrase inhibitor(s) in reservoir  214, plug 216, port 224, and
optional ports 234, 236, are the only pathways for 5 passage of the
carbonic anhydrase inhibitor(s) out of device 200. The shape of
device 200 can be, in a manner similar to that described above  with
respect to device 1.00, any of a large number of shapes and
geometries.  Furthermore, both device 100 and device 200 can include
more than one reservoir  114, 214, included in more than one inner
tube 112, 212, respectively, which 10 multiple reservoirs on include
different carbonic anhydrase inhibitors, or ocular  medicaments such
as a miotic agent, beat-blocker or alpha agonist in additiomto a
carbonic aahydrase inhibitor, for difthsion out of the device. In
device 200, multiple  



reservoirs 214 can be positioned to abut against only a single plug
216, or each  reservoir 214 can have a dedicated plug for that
reservoir. Such multiple reservoirs 15 can be enveloped in a single
outer layer 110, 210, as will be readily appreciated by  one of
ordinary skill in the art, Turning now to FIG. 3, FIG. 3 illustrates
a device 300 in accordance with a  third exemplary embodiment of the
invention. Device 300 includes a permeable  outer layer 310, a
substantially impermeable inner tube 312, a reservoir 314, a 20
substantially impermeable cap 3 16, and a permeable plug 318. A port
320  communicates plug 318 with the exterior of the device, as
described above with  respect to port 224 and plug 216. Inner tube
312 and cap 316 can be formed  separately and assembled together, or
the timer tube and the cap can be formed as a  single, integral,
monolithic element. The provision of permeable outer layer 310 25
allows the carbonic anhydrase inhibitor(u) in reservoir or drug core
314 to flow  through the outer layer in addition to port 320, and
thus assists in raising the overall  delivery rate. Of course, as
will be readily appreciated by one of ordinary skill in  the art, the
permeabihiy of plug 119 is the primary regulator of the drug delivery
rate, and is accordingly selected. Additionally, the material out of
which outer layer 30 310 is formed can be specifically chosen for its
ability to adhere to the underlying  structures, cap 316, tube 312,
and plug 31 8, and to held the entire structure together,  31
Optionally, a hole or holes 322 can be provided through inner tube
312 to increase  the flow rate of carbonic anhydrase inhibitor(s)
from reservoir 314, In order to maximize the usefat life of the
device, preferred formulations will  be those that contain as large a
mass of active agent as possible while retaining an 5 effective rate
of dissolution. By way of example, a dense, compressed solid that
contains at least 90% of a non-salt form of a carbonic anhydrase
inhibitor would be a  preferred drug core formulation. A large number
of materials can be used to construct the devices of the  present
inventions The only requirements are that they are inert;
non.-immunogenic,  10 and of the desired permeability, as described
heroine In another embodiment, only a single outer layer need be
used, FiG. 6  



illustrates such an embodiment, wherein the sustained release device
(product 612)  includes an outer layer or skin 614 and an inner core
616. Materials that may be suitable for fabricating devices 100,
200,, 300, and  15 712 include naturally occurring or synthetic
materials that are biologically  compatible with body fluids and/or
eye tissues, and essentially insoluble in body  fluids with which the
material will come in contact. The use of rapidly dissolving
materials or arterials highly soluble in eye fluids are to be avoided
since dissolution  of the outer layers 110, 21s0, 310 would affect
the constancy of the drug release, as 20 well as the capability of
the system to remain in place for a prolonged period of  tinge.
Naturally occurring or synthetic materials that are biologically
compatible  with body fluids and eye tissues and essentially
insoluble in body fluids with which  the material will come in
contact include, but are not limited to: ethyl vinyl acetate, 25
polyvinyl acetate, cross-Linked polyvinyl alcohol; crass-linked
polyvinyl butyrate,  ethylene ethylaerylate copolymer, polyethyl
hexylas_rlate, polyvinyl chloride,  polyvinyl ace'als, plasticized
ethylene vinylacetarte copolymer, polyvinyl alcohol,  ethylene
vinyichloride copolymer, polyvinyl esters, polyvinylbutyrate,
poIyvinylformal, polyamides, polymethyhnethacrylate,
polybatylmcthacrylate, 30 plasticized polyvinyl chloride, plasticized
nylon, plasticized soft nylon, plasticized  polyethylene
terephthalate, natural rubber, polyisoprene, polyisobutylene, 32
polybutadiene, polyethylene, pol, tratlucrcethylene, polvvinylidene
chloride,  polvacrylonitrile, cross-linked polyvhzylpyrrolidone,
polytdfinoroclzlnroetl ylene,  chlorinated polyethylene,
poly(1,T-isopropylldene diphenylene carbonate), vinyl
chloride-diethyl fiamarate copolymer, silicone rubbers, especially
the medical grade S polydimethylsiloxanes, ethylene-propylene rubber,
sihcone-oarbonato copolymers,  vinylidene chloride-vinyl chloride
copolymer, vinyl chloride-aerylonhxile  copolymer, vinylldene
chloride-anrylonitrile copolymer, gold, platinum, and  (surgical)
stainless steel. Specifically, outer layer 210 of device 200 may be
made of any of the above- 10 listed polymers or any other polymer
that is biologically compatible with body fluids  



and eye tissues, essentially insoluble in body fluids with which the
material will  come iii contact, and permeable to the passage of the
carbonic anhydrase inhibitor(s).  When inner tub 112, 212, 312 is
selected too be substantially impermeable,  15 as described above, to
the passage of the carbonic anhydrase inhibitor(s) from the inner
core or reservoir out to adjacent portions of. the device, the
purpose is to block  the passage of the carbonic, anhydrase
inhibitor(s) through those portions of the  device, and thus limit
the release of the carbonic anhydrase inhibitor(s) from the  device
to selected regions of the oiler layer and plugs 216 and 318, 20 The
composition of outer layer 110, e,g., the polymer, is preferably
selected  so as to allow the above-described controlled release. The
preferred composition of  outer layer 110 and plug 216 will vary
depending on such factors as the identity of  the carbonic anhydrase
inhibitor(s), the desired rate of release, and the erode of
implantation or insertion. The identity of the active agent is
important since it 25 determines the desired 11rerapeutic
concentration, and because the physico-chemical  properties of the
molecule are among the factors that affect the rate of release of the
agent into and through the outer layer 110 and plug 216, Caps 116,
242, 316 are substantially impermeable to the passage of the
carbonic anhydrase inhibitor(s) and may cover a portion of the inner
tube. not 30 covered by the outer layer, The physical properties of
the material, preferably a  polymer, used for the caps can be
selected based. on their ability to withstand 33 subsequent
processing steps (such as heat curing) without suffering deformation
of  the device, The material; e.g., polymer, for substantially
impermeable outer layer  210 can be selected based on the ease of
coating inner tube 212. Cap 116 and inner  tubes 112, 212, 312 can
independently be formed of any of a number of materials, 5 including
PTFE, polycarbonate, polymethyl methacrylate, polyethylene alcohol,
high grades of ethylene vinyl acetate (9%, vinyl, content), and
polyvinyl alcohol  (PS'A), Plugs 216, 318 earn be forn3ed of any of a
number drf materials, including  cross-linked PY.A, as described
below. Outer layers 110, 210, 310, and plugs 216, 318 of the device
must be 



10 biologically compatible with body fluids and tissues, essentially
insoluble in body  fluids with which the material will come in
contact, and outer layer 110 and. plugs  216, 318 must be permeable
to the passage of the carbonic anhydrase inhibitor(s). The carbonic
anhydrase inhibitor(s) diffuses in the direction of lower  chemical
potential, ice., toward the exterior surface of the device. At the
exterior 15 surface of the device, equilibrium is again established.
When the conditions on both  sides o otter layer 110 or plugs 216,
318 are maintained constant, a steady state  flux of the carbonic
anhydrase inhibitor(s) will be established in accordance with  Fick's
Law (c)f Diffusion, The rate of passage of the drug through the
material by  diffusion is generally dependent on the sotubil ity of
the drag therein, as well as on 20 the thickness of the wall, This
means that selection of appropriate materials for  fabricating outer
layer 110 and ping 2  6 will be dependent on the particular carbonic
anhydrase inhibitor(s) to be used. The rate of diffusion of the
carbonic anhydrase inhibitor(s) through a  polymeric layer of the
invention may be determined via diffusion cell studies carried  25
out under sink conditions. In diffusion cell studies carried Out
wider sink conditions, the concentration of drug in the receptor
compartment is essentially Zero when compared to the high
concentration in the donor compartment. Under these  conditions, the
rate of drug release is given by; 30 Qt""DK.MDt.l+1i 34 where Q is
the amount of drug released, t is time, D is the diffusion
coefficient, K is  the partition coefficient, A is the surface area,
DC is the difference in concentration  of the drug across 13te
membrane, and h is the thickness of the membrane. In the case where
the agent diffuses through the layer via water filled pores,  5 there
is no partitioning phenomenon, Thus, K can be eliminated from the
equation.  Under sink conditions, if release from the donor side is
very slow, the value DC is  essentially constant and equal to the
concentration of the donor compartment.  Release rate therefore
becomes dependent on the surface area (A), thickness (h), and
difiztsivity (l)) of the membrane. The surface area is a diction of
the size of the 10 particular device, which in turn is dependent on
the desired size of the carbonic  



anhydrase inhibitor(s) drug core or reservoir. Thus, permeability
values may be obtained from the slopes of a Q versus  time plot. The
permeability P, can be related to the diff'Ehsion coefficient D, bye
15 P (K*D)/h C anew the permeability is established -'or the material
permeable to the  pa::a ; . of the agent; the a r ace area rf rase a
*ent tl at must be roved with l e  material isnpen nv able to the
passage of the of e:it may be, determined. This may be 20 done by
Progressively redncing, the, available surface area until the desired
release  rate is obtained. Exemplary n:icroporous materials suitable
for use as outer layer 110 and  plugs 216, 3l 3, for instance, are
described in U.S. Patent No. 4,014,335. These  materials include but
are not limited to cross-linked polyvinyl alcolhol, polyolc is or 23
polyvinyl cl prides or cross-iiht'ked 1"el atins; regenera ed,
insoluble, non-erodible  cellulose, ae ylated cellulose, esterififed
cell loses, cellulose acetate propionate,  cellulose acetate butmate,
cellulose acetate phthalate, cellulose acetate d ethyl.  :EEninoac;
etat i" poi airethat es, polyc;irbonates, and micropos sous polymers
formed by  co-precipitation of a polycafirn and a polyaoian modified
insoluble collagen, Cross- linked polyvinyl alcohol Is preferred for
both outer layer l 10 and plugs 216, 21;3. 35 Preferred impermeable
portions of the devices, cap 116 and hater tubes 112,  212, are
formed of PTFB or ethyl vinyl alcohol. The drug delivery system of
the present invention may be inserted into or  adjacent to the eye
via any of the methods known in the art for ocular implants and  5
devices, One or more of the devices may be administered at one time,
or more than one agent: may beinchuded in the inner core or
reservoir, or more than one reservoir  may be provided in a single
device. Devices intended for insertion into the eye, for example into
the vitreous  chamber, may remain in the vitreous permanently after
treatment is complete. Snob  10 devices may provide sustained release
of the carbonic anhydrase inhibitor(s) for a period of from several
days to over five years. In certain embodiments, sustained  release
of the at least one agent may occur for a period of one or more
months, or  



even greater than one or more years, When such devices are prepared
for insertion wit i n the vitreous of the eye,  15 it is preferred
that the device does not exceed about 7 millimeters in any direction.
Thus, the cylindrical devices illustrated in FIGS. I and 2 would
preferably not  exceed 7 millimeters in height or 3 millimeters in
diameter, more preferably less  than 1 nnm in diameter and more
preferably less than 0.5 mm in diameter. The  preferred thickness of
the walls of inner tubes 112, 212 ranges between about 0.01 20 mm and
about 1.0 mm. The preferred thickness of the wall of outer layer 110
ranges  between about 0.01 mm and about 1.0 mm, The preferred
thickness of the wall of  outer layer 210 ranges between about 0.01
mm and 1.0 mm. The inner drug- containing core of the various
embodiments of the present invention preferably  contains a high
proportion of carbonic anhydrase inhibitor(s), so as to maximize the
3 amrount of drug contained in the device and maximize the duration
of drug release.  Accordingly, in some embodiments, the drug core may
consist entirely of one or  more carbonic anhydrase inhibitors in.
crystalline or amorphous form. As noted above, the carbonic anhydrase
inhibitor(s) may be present in  neutral form, or it may be in the
form of a pharmaceutically acceptable salt, a 30 codrug, or a
ptodrug. Where the carbonic anhydrase inhibitor(s) comprises less
than  l 00% of the care, suitable additives that may be present
include, bat are not limited  36 to, polymeric matrices (e.g., to
control dissolution rate or to maintain the shape of  the -core
during use), binders (e.g, to maintain the integrity olthe core
during  manufacture of the device), and additional pharmacological
agents (e.g., a miotic  agent or a PGF-2a analogue). In some
embodiments, the inner core is solid and is compressed to the
highest density feasible, again to maximize the amount of contained
drug. In  alternative embodiments, the drag core may not be solid,
Non-solid forms inciacle,  but are not limited to, gums, pastes,
slurries, gels, solutions, and suspensions. It will  be appreciated
that the drug core may be introduced to the reservoir in one physical
10 state and thereafter assume another state (e.g., a solid drug core
may be introduced  inure molten state, and a fluid or gelatinous drug
core may he introduced in a frozen  



state). Suitable carbonic anhvdrase inhibitors include, but are not
limited to,  acetazolamid- (1), metba olannde (2), ethoxzolamide (3),
dichlorphenamide (4),  15 dorzolamide (5), and hrinzolamide (6). .,=
11 !!.~ ~ O rye % ~t~ r  H3C \ -L fem. 113 \ :1 i ~.  U Q  E 2 JAI r
NHa , R  F; ?!  3 a di 3YggFit f?\Eti s --sm, -pNfl The preferred
rate of release of a given carbonic anhydrase inhibitor will of
course depend not only on the potency of the particular agent, but on
the location of  the device and the rate of clearance of the agent
from the eye. Devices located  within the eye will be less affected
by loss of the carbonic anhydrase inhibitor to 5 lacrimal drainage
and will not be limited by the rate of penetration of the agent
through the cornea. As a result, such devices can maintain an
effective  concentration of drug in the ciliary processes with a
lower release rate than can  devices implanted external to the eye.
Also, /eager-acting carbonic anhydrase  inhibitors will require a
lower release rate to maintain a therapeutically effective  111
concentration. The present invention also provides a method for
administering a carbonic  anhydrase inhibitor to a patient,
comprising implanting the sustained release drug  device described
above into or adjacent to the eye of the patient. While the above
described embodiments of the invention are described in  15 terms of
preferred ranges of the amount of effective agent, thicknesses of the
preferred lay; rs, and dimensions of the devices, these preferences
are by no means  meant to limit the invention. As would be readily
understood by one skilled in the  art, the preferred amounts,
materials and dimensions depend on the inethod of  



administration, the effective agent used, the polymers used, the
desired release rate 20 and the like. Likewise, actual. release rates
and release duration depend on a variety  of factors in addition to
the above, such as the disease state being treated, the age  and
condition of the patient, the route of administration, as well as
other factors  which would be readily apparent to those skilled in
the art. From the foregoing description, one of ordinaey skill in the
art can easily. 25 ascertain the essential characteristics of the
instant invention, and without departing  from the spirit and scope
thereof, can make various changes and/or modifications of  the
invention to adapt it to various usages and conditions, As such,
these changes  and/or modifications are properly, equitably and
intended to be, within the fall range  of equivalence of the
following claims. Claims.  1. A sustained release drug delivery
device for insertion or implantation in or adjacent to the eye of a
patient, the chug delivery device comprising: 5 an inner drug core
comprising a carbonic anhydrase inhibitor and a matrix material,
wherein said carbonic anhydrase inhibitor is admixed in the matrix
material to inhibit or prevent decomposition of the carbonic
anhydrase  inhibitor; (ii) a first layer on the surface of the drug
core, that is substantially permeable or  10 impermeable to the
passage of the carbonic anhydrase inhibitor, having ore or  more
openings therein which permit diffusion of the carbonic anhydrase
inhibitor, and which is substantially insoluble and inert in body
fluids and  compatible with body tissues; and wherein the first layer
is disposed about the inner drug core so as to produce, when inserted
15 or implanted, a substantially constant rate of release of the
carbonic anhydrase inhibitor(s)  from the device. 2. The device of
claim 1, wherein said device Anther comprises: one or more
additional layers that are permeable to the passage of the carbonic
anhydrase inhibitor, and  20 which are substantially insoluble and.
inert in body fluids and compatible with body tissues; wherein the
first and additional layers are disposed about the inner drug core so
as to  produce, when inserted or implanted, a substantially constant
rate of release of the carbonic  anhydrase inhibitor(s) from the
device. 
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4. Use of a carbonic anhydrase inhibitor for the preparation of a
rnedicarnent for the  treatment and/or prevention of raised
intaocular pressure, said medicament being  incorporated into a
sustained release device of claim I or 2 adapted. for insertion or
implantation in or adjacent to the eye, whereby the device delivers
the carbonic anhydrase 5 inhibitor to the ciliary body of the eye,
wherein the carbonic anhydrase inhibitor  concentration in the
ciliary body is maintained at a therapeutically effective
concentration  for a period of at least 30 days. 5. Use according to
claim 4, wherein said sustained release device is a sustained- 11)
release device according to any one of claims I to 3. 6, The use of
claim 4 or 5, wherein the device, when implanted or insetted in or
adjacent to the eye, maintains a therapeutically effective
concentration. of the carbonic  anlxy _lrase inhibitor in the ciliary
body for a period of at least 180 days. 15 7. The use of claim 4 or
5, wherein the device, when inserted or implanted in or  adjacent to
the eye, maintains a therapeutically effective concentration of the
carbonic  anhydrase inhibitor in the ciliary body for a period of at
least 360 days. 20 8. 'I'he device according to any one of claims 1
to 3, wherein the carbonic anhydrase  inhibitor is selected from
acetazolarnide, methazolamide, ethoxzolarnide, <liehlorlalxenarnide,
dorzolanxide, and brinzol amide. 0 1.A dice. AA.~.aa A.. , 40 I 40
The sustained release drug delivery device of any of claims t to 3,
wherein the  matrix material is a polymer matrix material. 11. The
sustained release drug delivery device of claim 10, wherein the
polymer  5 matrix is hioerodible. 12. The sustained release drug
delivery device of claim 11, wherein the device is  formed by
co-extraiding the inner drug core and the one or more layers. 41 




