Title: STENT DEVI CE AND METHOD FOR TREATI NG GLAUCOVA [errT] Abst ract Stent
devices and a nethod for continuously facilitating the fl

hunor through Schl emmi s canal where post-operative patency can be

mai ntai ned with an i ndwel ling stent devi ce.
or bi-directy@msdil ow of aqueous hunmor within
2003 WD 00/ 64391 5 PCT/ US00/ 11215 STENT DEVI CE“AND METHOD
Ref erence to Rel ated Applications This

canal. 16 Cctober
FOR TREATI NG GLAUCOVA 10 Cross -

application clains the benefit of U S. Provisional

10

i5

20

25

30

STENT DEVICE AND METHOD FOR TREATING GLAUCOMA

Cross - Reference to Related Applications

This application claims the benefit of U.S. Provisional

Application No. 60/131,030, filed April 26, 1999.

Technical Field

The present invention is generally directed to a surgical
treatment for glaucoma, and relates more particularly to a device and
method for continuously maintaining the patency of Schiemm’s canal
with a trough-like, indwelling stent which can be surgically placed to
traverse at least a portion of the circumference of the canal and to

facilitate the drainage of aqueous humor therethrough.

Background of the Invention

Glaucoma is a significant public health problem, because
glaucoma 1s a major cause of blindness. The blindness that results from
glaucoma involves both central and peripheral vision and has a major

impact on an individual's ability to lead an independent life.
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"aqueous hunor." Aqueous  hunor is formed in the posterior chanber of
The eye is a hollow structure that contains a clear fluid called
10 "aqueous humor.” Aqueous humor 1s formed in the posterior chamber of
the eye by the ciliary body at a rate of about 2.5 microliters per minute.
The fluid, which is made at a fairly constant rate, then passes around the
lens, through the pupillary opening in the iris and into the anterior
chamber of the eye. Once in the anterior chamber, the fluid drains out of
15  the eye through two different routes. In the "uveoscleral” route, the fluid
percolates between muscle fibers of the ciliary body. This route accounts
for approximately ten percent of the aqueous outflow in humans. The
primary pathway for aqueous outflow in humans is through the
"canalicular” route that involves the trabecular meshwork and Schlemm's

20 canal.

The trabecular meshwork and Schlemm's canal are located at
the junction between the iris and the sclera. This junction or corner is
called "the angle." The trabecular meshwork is a wedge-shaped structure

25  that runs around the circumference of the eye. It is composed of collagen
beams arranged in a three-dimensional sieve-like structure. The beams
are lined with a monolayer of cells called trabecular cells. The spaces
between the collagen beams are filled with an extracellular substance that

is produced by the trabecular cells. These cells also produce enzymes that
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canal s. The aﬂueous fluid trtav |'s through the s%aces bet ween t he
10 through a series of about 25 collecting channels that drain from
Schlemm's canal and into the episcleral venous system. In a normal
situation, aqueous production is equal to aqueous outflow and intraocular
pressure tremains fairly constant in the 15 to 21 mmHg range. In
glaucoma, the resistance through the canalicular outflow system is

15 abnormally high.

In primary open angle glaucoma, which is the most common
form of glaucoma, the abnormal resistance is believed to be along the
outer aspect of trabecular meshwork and the inner wall of Schlemm's

20 canal. It is believed that an abnormal metabolism of the trabecular cells
leads to an excessive build up of extracellular materials or a build up of
abnormally “stiff” materials in this area. Histopathology of glaucoma
eyes also demonstrates a collapse of Schlemm’s canal. Primary open
angle glaucoma accounts for approximately eighty-five percent of all

25 glaucoma. Other forms of glaucoma (such as angle closure glaucoma and
secondary glaucomas) also involve decreased outflow through the
canalicular pathway but the increased resistance is from other causes such

as mechanical blockage, inflammatory debris, cellular blockage, etc.
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The clinical treatment of glaucoma ts approached in a
step-wise fashion. Medication often is the first treatment option.
Administered either topically or orally, these medications work to either

15 reduce aqueous production or they act to increase outflow. Currently
available medications have many serious side effects including:
congestive heart failure, respiratory distress, hypertension, depression,
renal stones, aplastic anemia, sexual dysfunction and death. Compliance
with medication is a major problem, with estimates that over half of

20  glaucoma patients do not follow their correct dosing schedules.

When medication fails to adequately reduce the pressure,
laser trabeculoplasty often is performed. In laser trabecuioplasty, thermal
energy from a laser is applied to a number of noncontiguous spots in the

25  trabecular meshwork. It is believed that the laser energy stimulates the
metabolism of the trabecular cells in some way, and changes the
extracellular material in the trabecular meshwork. In approximately
eighty percent of patients, aqueous outflow is enhanced and IOP

decreases. However, the effect often is not long lasting and fifty percent
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The most commonly performed filtering procedure is a
trabeculectomy. In a trabeculectomy, a posterior incision is made in the
conjunctiva, the transparent tissue that covers the sclera. The conjunctiva

15 is rolled forward, exposing the sclera at the limbus. A partial thickness
scleral flap is made and dissected half-thickness into the cornea. The
anterior chamber is entered beneath the scleral flap and a section of deep
sclera and trabecular meshwork is excised. The scleral flap is loosely
sewn back into place. The conjunctival incision is tightly closed.

20 Post-operatively, the aqueous fluid passes through the hole, beneath the
scleral flap and collects in an elevated space beneath the (;Ac)njunctivaA The
fluid then is either absorbed through blood vessels in the conjunctiva or

traverses across the conjunctiva inio the tear film.

25 Trabeculectomy 1s associated with many problems.
Fibroblasts that are present in the episclera proliferate and migrate and
can scar down the scleral flap. Failure from scarring may occur,
particularly in children and young adults. Of eyes that have an initially

successful trabeculectomy, eighty percent will fail from scarring within
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surgeons ,jgow are Trabeculectomy creates a pathway for aqueous fluid to
escape to the surface of the eye. At the same time, it creates a pathway for
bacteria that normally live on the surface of the eye and eyelids to get into

the eye. If this happens, an internal eye infection can occur called
endophthalmitis. Endophthalmitis often leads to permanent and profound

15 visual loss. Endophthalmitis can occur anytime after trabeculectomy.
The risk increases with the thin blebs that develop after MMC and 5-FU.
Another factor that contributes to infection is the placement of a bleb.
Eyes that have trabeculectomy performed inferiorly have about five times

the risk of eye infection than eyes that have a superior bleb. Therefore,

20 initial trabeculectomy is performed superiorly under the eyelid, in either

the nasal or temporal quadrant.

In addition to scarring, hypotony and infection, there are

other complications of trabeculectomy. The bleb can tear and lead to

25  profound hypotony. The bleb can be irritating and can disrupt the normal
tear film, leading to blurred vision. Patients with blebs generally cannot
wear contact lenses. All of the complications from trabeculectomy stem
from the fact that fluid is being diverted from inside the eye to the

external surface of the eye.
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infection.

15

Some prior art references for glaucoma management have
been directed at Schiemm’s canal, but these have not involved the
placement of long-term, indwelling stents. For example, U.S. Patent No.
5,360,399 teaches the placement of a portion of a plastic or steel tube in

20  Schlemm’s canal with injection of a viscous material through the tube to
hydraulically dissect the trabecular meshwork. The tube is removed from
the canal following injection. Furthermore, relative to that portion within
Schlemm’s canal, the ‘399 device has a larger diameter injection cuff
element, which serves as an adapter for injection and irrigation.

25 Therefore, this device is not adapted for permanent placement within

Schlemm’s canal.

A need exists, then, for a more physiologic system to

enhance the drainage of aqueous fluid through Schlemm'’s canal.
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The present invention is directed to a novel stent and an associated surgical
method for the surgical correction of glaucoma in which the stent is placed nto
Schlemum's canal to expand the canal's dimensions and maintain its patency. The
present invention therefore facilitates the normal physiologic pathway for
drainage of aqueous humor into and through Schlemm’s canal. The present
invention is further directed to providing a permanent, indwelling stent within
Schlemm's canal for glaucoma management.

An aspect of the present invention provides a stent device for use in the
eve to relieve excess intraocular pressure by facilitating drainage through and
within Schliemm's canal, comprising a thin body of biocompatible material of a
length and shape adapted to be wholly retained within a portion of Schlemm's
canal, wherein said body is curved to define a trough-like, partially open channel
along at least some of the length of said body open toward the collecting channels
of the eye, said body has an outer diameter of about 0.1 mm to 0.5 mm, and said
body has a length of about I mm to 40 mm.

Brief Description of the Prawings

FIG. 1 is an illustration showing a side view of one embodiment of the
present invention, in which the inventive stent is comprised of tubular elements
traversing the circumference of Schlemm's canal.
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FIG. 5 is an illustration showing the anatomic relationships
(not to scale) of the surgical placement of an exemplary embodiment of
the present invention.

15

Detailed Description of Present Invention

The present invention provides an aqueous humor stent
20  device to be placed within a portion of Schlemm’s canal of the eye as an
indwelling implant to expand and maintain the patencyéof the canal, in
which the stent device comprises a body portion shaped to be wholly
received within Schlemm's canal to facilitate the natural drainage of
aqueous humor to the collecting channels of the eye.
25
The present invention also provides embodiments of an
inventive stent comprising a thin body of biocompatible material of a
length and shape adapted to be wholly received within Schlemm's canal

and to extend within a portion of the circumference of Schlemm’s canal,
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illustration showi ng the anatom c rel atiBonshi ps

surgi cal placenent of an exenplary enbodi mrent of the present inven
Det ai | ed Descindpkidngof ciRnegemiicreiv enticilitathehppassage dfinprbudhupicvi des an
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25 The presert invention also provides e
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fmehts of an inventive stent
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move between a first insertion position and a second expanded stenting

position when in a desired location of the canal.

The present invention also provides methods of use of the
stent devices. One embodiment of the present invention is directed to a
surgical method to implant the inveniive stent into a portion of the
circumference of Schlemm’s canal. The device extending into
Schlemm’s canal may be fashioned from a flexible, porous or non-
porous, biologically inert material to approximately equal a portion of the
radius, curvature, and diameter of Schlemm’s canal. All or parts of the
device may be tubular or non-tubular, and fenestrated or non-fenestrated.
The device may farther be sized to allow placement through all or some
of the circumference of Schlemm’s canal.

Traditional glaucoma teaching states that Schlemm's canal in
an adult is divided by septa into separate canals, rendering the complete
passage of a suture impossible. Preliminary studies on adult human eye
bank eyes have shown that Schlemm’s canal is, indeed, patent. A suture
can be passed through the entire circumference of the canal. It has not
been heretofore determined that Schlemm’s canal is patent throughout its
circumference in normal individuals, as opposed to being divided by

septa into multiple dead end canals. The present invention utilizes this

15

and to extend within



FIG 3 is an illustration show ng anot her enbodi nent of the present
invention in which the inventive stent is conprised of ellBraaeber 2084t are
partially tubular and partially open in their configuration. 16 Cctober
2003 WO 00/ 64391 PCT/ US00/ 11215 10 and having a channel therein to
facilitate the passage of aqueous hunmor into and through Schl enm s canal
to the col | eMOi§®Rhannel s. The invention contenpl ates nﬂ%?“ﬁ??ﬂéﬁent
configurations for a stent device, promided that each assists in
channel i ng aqueous hunor throughout 5 Schlemm s canal, such as by providing
a lunen, trougiowletigk @kcreapianianyintaat pnecyl ovi SIS chdani sveatas vath t he

i nvention, the body of the stent can nove between a first insertion
position andlhesﬁﬁmnHS@Rb@ndéw stenting position when in a desired

| ocation of the canal. 10 The present invention al so provides nethods of
use of the stent devices- One enbodi nent of the present invention is
directed to a surgica i P¥Qﬂﬁ e a
portion of the C|rcunpgggﬁggg%%ﬁhéﬂ?tﬁﬁigkggﬁg h%ﬂhgiyggﬁgiﬁtﬁhlng into
Schl et s £ar@iGmbyinb@hfcasthi arad devive EO( Isestiobtrein peideusicor. Tihastkht por ous,
biologically inert material to approxi mately equal a partion of the

radi us, curvalavies 19hds evmpased o f tebwiae baily postien 10 qﬁncwg palrltr@noi t he
devi ce may be thular non-t fenestrate %nes rated
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the circunf eg%ﬁgﬁﬁﬂon%% epmrﬁumﬂah ub%g“zéﬁ%é 18R SJhﬁ&'QHé‘%xE&ﬁﬁh' ng

states that S cana an a I's divided by septa into separate

canal s, rendeTha®otlpepstin Bie a pastagedtusvatuteundth apeagsudirevhiRtel i mi nary

studi es on adult huian eye
10  approximates the 6 mm radius of Schlemm’s canal of an adult human

of

eye. The cross-sectional diameter of the body portion 10 is sized to be
fully received within Schlemm’s canal. The body portion 10 may be
either an enclosed tubular or multisided structure, or it may be a flat,
angular, or curved open structure, or some combination of the above
15 when cross-sectioned at different sites along the entirety of its length. The
fenestrations 15 may be placed along any portion of the device 100 to

facilitate the passage of fluid therethrough.

Other examples of embodiments of the present invention are

20 shown in FIGS. 2-3. FIG. 2 shows an embodiment of the inventive stent
in which the device 100 comprises a luminal tubular mesh in 1ts
configuration, again with a pre-formed curvature with a radius r to
approximate the 6 mm radius of Schlemm’s canal and a cross-sectional
diameter of the body portion 10 sized to be fully received within

25  Schlemm’s canal.

FIG. 3 shows an embodiment of the inventive stent in which
the body portion 10 is open and curved throughout its length in a trough-

like channel, again with a pre-formed curvature with a radius r to



bank eyes have shown that Schlemm s canal is, indeed, patent. A suture 25
can be passed through the entire circunference of the cari&lQctéler @883 not

been heretofore determ ned that Schl enm s canal

is patent throughout its

circunference in normal individuals, as opposed to being divided by septa
into multiple dead end canal s- The present invention utilizes this
Cct ober 2003VONYQ@#N64391 PCT/ US00/ 11215 11 know edge to CFEXEQ/1AHE
ency within Schlemm s canal yyth the present stent devices.

nt of the present invention is illustrated in 5 FIG 1, in
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ornmed curvature with a radius r to
aqueous remain non-detrimentally affected by the presence of the

implanted device. A number of materials are available to meet the
engineering and medical specifications for the stents. In the exemplary
embodiments of the present invention, the stent device 100 is constructed
of a biologically inert, flexible material such as silicone or similar
polymers. Alternate materials might include, but are not limited to, thin-
walled polytetrafluoroethylene, polypropylene or other polymers. Other
metals and alloys known in the art of stenting can also be used, such as
stainless steel, titanium or nitinol. The stent can also be fabricated with

therapeutic agents that migrate from the device over time.

In the embodiments shown in FIGS. 1-5, tl_l-e body portion
10 may have a pre-formed curve to approximate the 6.0 mm radius of
Schlemm’s canal in a human eye. The body portion 10 may be of
sufficient length to extend through any length of the entire circumference
of Schlemm’s canal, with a total length for the body portion 10 of about
1.0 mm to 40 mm, or about 2 mm to 20 mm, or about 5 mm to permit
circumferential placement through Schlemm’s canal. The diameter or
width of the body portion 10 can be sized to yield an internal diameter of

between 0.1 mm and 0.5 mm, preferably about 0.2 mm and an external



approximate the 6 mmradi us of Schlenmm s canal and a cross-sectional

di aneter of the body portion 10 sized to be fully recei vdé Qutothar20025

Schl enmis canal. FIG 3 shows an enbodi nent of the inventive stent in which
the body portion 10 is open and curved throughout its length in a trough-

| i ke channel L) with a pre-fornmed curvature with a radiys;chefizQ 16
Cetober 2003 NG 64301 PCT USOO/ 11215 12 approximate the 6 mmradi us of

Schlemmi s canal and a cross-sectional djameter of the body portion 10

sized to be fully received within Schlemms canal. 5 As the inventive
device is a Ildsmgetesombehptem®.! mm apd U mmagr pbaytdy 3 rpemiar adelatan) t hat

w || be innocuous t§tStt?ﬁtet%Z@F%@“ﬁgfﬂbal%%gﬁimﬂ R\Qdmmf&h ai Etgi,rf \Lirghcont act .

It is prefer&l €h B ped e 6P 8dE™ or " Btther wi se

structural ly (RN fa? %Hnﬂgﬁfa'ﬂﬂm'. tThel BbdyS pbHidre 10 meay MOKERY £plusiatity S
equal ly preferable“that the eye tissues and the 10 aqueous remain

non- det r i mentydl fegeafdtzeikad diow Hiuidreasess erpingetao preptantedusienilpe. A
nunber of materials are available to neet the engineering and nedi cal

speci fi cati oiike pdjacemfevalisnt Schlemmisecanabmartieylariyinshe dusedonri thee present
I nvention, the, scent devife 100 is constructed of a biologically inert,
flexible rmat &PHEFESHARESS |7 cone or similar 15 pol ymers- Alternate
materials mght include, but are not limted to, thin- walled

pol ytetrafl uoroet hyl ene, pol ypropyl ene or other polynmers- Gther netals and
al l oys known in the arThobusfieslt amgooan reesantbt tisegressochnesnticat & nl ess
steel, titaniumor nitinol. The stent_can also be fabricated with

t herapeutic adbestiated maFlf. ot {eenaraly Fie- deshaves Higetntesigp chagber 35,

10 Schlemm’s canal 30, the iris 40, comea 45, trabecular meshwork 50,
collecting channels 55, episcleral veins 60, pupil 65, and lens 70. FIG. 5
illustrates the surgical placement of the exemplary embodiment of the
present invention, with the relevant anatomic relationships. It should be
noted that the inventive device is designed so that placement of multiple

15 stents within Schlemm’s canal 30 can result in a near-circumferential
traverse of Schlemm’s canal 30. The surgical incision into Schiemm’s

canal 30 is closed, with no direct external commumcation with the stent

device 100 intended.

20 The surgical procedure necessary to insert the device may
include all or some of the following steps: A conjun&:—tival incision is
made. A partial thickness scleral flap is then created and dissected
half-thickness into clear cornea. The posterior aspect of Schlemm’s canal
is identified and the canal is entered posteriorly. The anterior chamber

25 may be deepened with injection of a viscoelastic or miotic agent. A
balloon catheter, such as described in U.S. Serial No. __ | filed April
26, 2000, may be introduced into Schlemm's canal, and inflated to dilate
portions of Schlemm's canal, followed by the selective deflation of the

balloon and placement of one or more stent devices into Schlemm's canal.



In the enbodi nents shown in FIGS. 1-5, the body portion 10 may have a
pre-formed curve to approximate the 6.0 nmmradius of ScHP&M®ReTEARAl in a
human eye- The body portion 10 may be of sufficient length to extend

t hrough any length of the entire circunference 25 of Schlemm s canal, with
a total |en%805,&59,t he body portion 10 of about 1.0 nmt o, 40, about
2 mMmto 20 mm or about 5 mMmto permt circunferential placenent through
Schl enm s canal. The dianeter or widtHh%f the body portion 10 can be sized

to yield an internal dianeter of  between 0.1 mﬂand, 0.5 mm preferably
about 0.2 mmAlternaielexther signt gepicos tppebeoidednecdofisueiby operbeldopn 1215 13

g ameter of RS Gid PN, R RSB o it ©

curved stent,?

mul tiangul ar gidPusakitR. albhe dedyiraahtdncd @fNBohIsAM'ai dhndl PIARRl ity  of
fenestrations to allow fluid egress, arranged to prevent occlusion by 5 the
adj acent wal ImssidhalSetehe mutaridasakimpad: and itz syleral fling addreoguonival t he

col l ecting channels. The surgical anatony relevant to the present invention
is illustrateeprndarEctsed in@hyvgpignalppaaned. shows the anterior chanmber 35,
10 Schlemm's canal 30, the iris 40, cornea 45, trabecul ar nmeshwork 50,

col l ecting channel s 55, episcleral veins 60, pupil 65, and lens 70. FIG 5
illustrates the surgi cahiR! deeiBRNVe-dfsctibed exfdlidkltseaieadiemplanOfthd he
present invention, with the relevant anatom c relationships- It should be
noted that thHevémicentontemgbnesce wide desegnelslapes had cohfigermmmsalf thal ti pl e
15 stents within Schlenm s canal 30 .can result in a near-cjrcunferenti al
traverse of Stantdmireviigrdnidseommpmication betwsercths Brichag shamBeeang s

10 Schlemm’s canal and to the collecting channels. The above-described

embodiments are therefore not intended to be limiting to the scope of the

claims and equivalents thereof.



canal 30 is closed, with no direct external conmunication with the stent
devi ce 100 intended. 20 The surgical procedure necessary tdO¢tak:rA008he
device may include all or some of the follow ng steps: A conjunctival
incision is made. A partial thickness scleral flap is then created and

di ssected half-thickness into clear cornea. The posterior aspect of
Schlemm s canal is identified and the canal is entered posteriorly. The
anterior chanber 25 may be deepened with injection of a viscoelastic or
motic agent. A balloon catheter, such as described in U S. Serial No.,
filed April 26, 2000, may be introduced3 nto Schlemis canal, and inflated
to dilate portions of Schlemis canal, followed by the selective deflation
of the balloon and placenent of one or nore stent devices into Schlenm s
canal . 16 Q§£gﬁﬁ552003 WO 00/ 64391 FC1'/USO0/ 11215 14 Alternately, the
stent devi cés=may be introduced directly on a balloon catheter device.
Therefore, a plurality of stent segnents nay be placed at selected

| ocations along the circunference of Schlenmis canal. Any residual stent
mat eri al i sl.tA stenedevianfortuse isdheent td tedipvardcesnptractulempreSswolnyd ar e
closed in a conventional manner. Wil e the above-described enbodinents are
exenpl ary, ppditatngdRmags tepnesAnday sRinseilamny s caraly COPPURHRgasthiam hody

configuratigns of t stent it ovj.de fluid ¢ i gat.ign,be t he
anterior cﬁm%@rﬁ%%ﬁ%ﬁ n%ggrll lrﬁ?q agfegé a?nJa%]}&?Q%oad%ﬁ{egﬂc 8&%‘8?&% réctﬁgl%ﬁel s. The
above- descry gl a GoRRd JFthferam® dMAl 8ROt intended to be limting to
the scope of the " clainms and equival ents thereof. 1 6 QOctober 2003
a) said body is curved to define a trough-like, partially open channel along at
least some of the length of said body open toward the collecting channels
of the eye,
b) said body has an outer diameter of about 0.1 mm to 0.5 mm, and

c) said body has a length of about 1 mm to 40 mm.

2. The stent device of Claim 1, wherein said body provides for drainage in both

directions along Schlemm's canal.

3. The stent device of Claim 1, wherein the body of the stent is at least partially

luminal.

4, The stent device of Claim 1, wherein said body has a curve having a radius
which approximates the radius of Schlemm's canal of a human eye, wherein the

radius 1s between about 3 mm and 10 mmn.

5. The stent device of Claims 1-4, wherein said body has a curve having a radius

of about 6 mm.

6. The stent device of Claims 1-4, wherein said body has an outer diameter of

about 0.3 mm.



15 CLAIM5S 1. A stent device for use in the eye to relieve excess
intraocul ar pressure by facilitating drainage through ar® Qftekgr?083hl enmi s
canal, conprising a thin body of bioconpatible material of a | ength and
shape adapted to be wholly retained wthin a portion of Schlenmm s canal,
wherein a) said body is curved to define a trough-like, partially open
channel along at |east sone of the length of said body open toward the
col l ecting channels of the eye, b) said body has an outer dianeter of
about 0.1 mmto 0.5 mm and c¢) said body has a length of about 1 mmto 40
mm 2. The stent device of Claim1, wherléin said body provides for drainage
in both directions along Schlenms canal. 3. The stent device of Claiml,
wherein the body of the stent is at least partially lumnal. 4. The stent
devi ce of L f el E ody._has. a Guk [ r adj ich
appr oxi mat o6 Rt ARGt CRle Io S bR B D RN R ' FileBr 28 e
radius is Qkgfpeen about 3 mmand 10 iron. 5. The stent device of O ains
1-4, wherein said body has a curve having a radius of about 6 mm 6. The
stent device of Clainms 1-4, wherein said body has an outer dianeter of
about 0.3 nm_16 Cctober 2003.16 7, The stent device of Cains 1-4, wherein
sai d body RFadhg steglenisrotdblaims Jotnvhergin spid bedy has anluaditypi g ai ms 1- 4,

wher el - sai g body. 125, 8. Mk R a(SRESHERLA AR5 SLRRLELA &gt @l T ow the

passage of





