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This application clains the benefit of U S. Provisional | i cation No.

60/ 131, 030, filed April 26, 1999 15 Technical Field The ﬁe@@ﬁ?eﬁ%?\?énu on
is generally directed to a surgical treatnent for glaucona and rel ates
nore particularly to a device and nethod for continuously maintaining the
patency of Sghbeawg;s canal 20 with a trough-1like, indwell iggagb@fitiswhi ch
can be surgically placed to traverse at |east a portion of the -
circunference of the canal and to facilitate the drainage of aqueous hunor
t her et hrough. Background of the Invention 25 G aucoma is a significant
public health problem because g¢laucoma is a major cause of blindness. The
bl i ndness that results from glaucoma involves both central and peri pheral
vision and has a ngjor inpact on an individual's ability to | ead an

i ndependent life. 30 16 Oct ober 2003 WD 00/ 64391 2 PCT/US00/ 11215 @ aucona
is an optic neuropathy (a disorder of the optic nerve) that usually occurs
in the setting of an el evated intraocular pressure. The pressure within
the eye increases and this is associated with changes in the appearance
("cuppingﬁ) and function ("blind spots” in the 5 visual field) of the optic
nerve. |If the pressure remains high enough for a |ong enough period of
time, total vision |loss occurs. H gh pressure develops in an eye because
of an i nter na§TENI OEVEGEAND METHOD FOR TREATING GLAUCOMA

10 Cross - Reference to Related Applications

This application claims the benefit of U.S. Provisional

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

15 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

20 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
25
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.

30



The eye is a hollow structure that contains a clear f|UId cal | g
"aqueous hunor." Agqueous hunor is forned in the posterlor c(ﬂ%lﬂ'i’)eérZOB t he
eye by the ciliary body at a rate of about 2.5 microliters per mnute. The
fluid, which is made at a fairly constant rate, then passes around the

| ens, thr Ou%o%@&sﬂum [ 1 ary opening in the iris and into t%erg?sg&lﬁzi

chanber of the eye. Once in the anteri or, chanber, the fl ui néout of
15 the eye through two different routes.“In the "uveoscleral” route, the
fluid percol ates between nuscle fibers of the ciliary body. This route

accounts for approxi nel@icpmahs 3ar e "@ﬂf@ﬁfﬁhﬁd@e@égﬂtﬂyttﬂ gw pptibunans.

The pri mary p ueous _outflaow. in ns i h the

Teanali cur MRy Barn vt SR B Phetnd Dol T e STrtatses dAfreetieEmm s 20
canal . The trabagul apBSEMREKyiand (B6RYE TS &R @5Sis ity ¢ e
junction bet\gen the 1ris and tlhe scl e?a ThIaS junct:io]r? z%g&%g%rdlerlt?s

cal l ed "the ahghges inTthe dppebegick g cuygsihabr &nd ﬁ.zra:tmd(gehﬁhapecb Shrihet ure 25
that runs around the circunference of the eye. is corrﬁosed of coll agen
beans arr &ngedsuah @d}ﬁfe@ﬁcﬁ%n%‘?fdﬁalf t@mr@ssuméemﬂmdvg @nougbf@earrs are

lined with a,nonol a of .cells..call trabecul ar cel |

botvaen t he- dONE SuRleheBiuSE o AR citol VRVGR TRt Curs el Ab&R ce ¢ nat
i's produced by ERgs s ah%g%@&alps@ldf%n hRgRst %ldllﬁlt?allﬁf% eProduce enzynes that
16 Cctober 2003 00/ 64391 PCT/ US00/ 11215 degrade the extracel | ul ar
material - Schlemm s canal is adjacent to the trabecular nmeshwork. The
outer wall of the trabecul ar meshwork coincides with the i nner wall of
Schl emr s canal . SBAI®enissa dulow i drugtusey that| qoadaissr y sleareflnitheallechs ar ound

he cir nen f, the cqrn ;
the ¢ CLiW ene l(,l:BeOU% hutmc?r ¢ qu%%us Lumor 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



5 human adults, Schlemm s Canal is believed to be divided by septa into a
seri es of autononous, dead-end canals. The aqueous fluid 1tBré%t@‘P"?‘sr%Oﬁl?’ough

t he spaces between the trabecul ar beans, across the inner wall of

Schl emm s canal into the canal, 10 through a series of about 25 collecting
channel s that drain from Schlemis canal and into the episcleral venous
system In aVA8¥#ET situation, aqueous production is equaiY'F*Y¥4d¥ous
outflow and intraocular pressure remains fairly constant in the 15 to 21
mMHg range. In glaucoma, the resistance through the canalicular outflow
systemis 15degvade mod lextdacghullan mpatenmi.ySdpemmaigtanagliaucipaeent whithh i s the
nost comon form of gl aucoma, the abnormal resistance is believed to be

along the ouf@bccilapfedRedrekabbbel Al icheAtork Bifd abech e mankimorks
7 Sbeou  octROEU bl PP EEXEAL LR AE AT STRIRR Ll hver o

trabecul ar c 0 an excessive up of “ex

or a build upugt-likebapictald that $hhé hrouft 8fd &iréumlerthts oftB& cofhat QRat hol ogy
of glaucoma eyes al so denpnstrates a coll apse of Schlemis canal. Primary

open angl® dhanawedulscudt¢mnt'©Caapbisdbdlivaedlty tei divided by eeparioents of al |
25 gl aucoma. Ot her fornms of glaucoma (such as angle closure glaucoma and
secondary gl a§E6HRERUNSTIQUSy SFadeeE e B ed out f| ow t hr ough t he

canal i cul ar pathway but the increased resistance is fromother causes such
as nechani cal bl ockage, inflammtory debris, cellular blockage, etc. 16

Qct ober 2003 VIO 00/ 6439he RGTELSO Guld AtPveds (MIGBH IR bpideasadlebgThst ance,
the aqueous fluid builds up
trabecular beams, across the inner wall of Schlemm's canal into the canal,

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.



because it cannot exit fast enough. As the fluid builds up, the intraocul ar
pressure (10OP) within the eye increases. The increased I@Q@ﬂtﬁﬁr@@%s t he
axons in the optic nerve and al so nay conprom se the vascular 5 supply to

the optic nerve. The optic nerve carries vision fromthe eye to the brain.

Sonme optic neryss,.seem nore susceptible to I OP than ot her PN umy}:}i |l e
research is investalgati ng ways to protect the nerve froman ‘elevated

pressure, the only therapeutic approachy,currently available in glaucoma is
to reduce the intraocul ar pressure. 10 41’he clinical treatnment of glaucona
is approached in a st &itivtBe megpseshresvsdnesatthernaeosn ffwdihelds npt

treat nent opt.ion. Adm ni st er ei ther topicgl l.y,or, orally,. these

e cat 1 one. viRRUE% TEREHSE CTK TR el e te THHSUUER oR: B1¢ ivapoRte o

| nor ease out fl @Y OIOPIilhinAKBicyRhherdaBl CAld RS ARMATPIYAsELBYS i de
effects including: 'congestive heart tailure, respiratory distress,

hypert ensi on,thdepieessimithe opeidaherstonas alapnadt icongiremiss thexudtular
dysfunction and death. Conpliance wth nmedication is a major problem wth
esti mat es % hafuppliefo Hil eplag nen@. dihgueivangaeicnties dsieoniromithoaye hei r

correct dosi chedyl es. When nedication fails t deq el y reduce the
ressure. | ABEPTRFLRETE GRIERS VT SR BOBLsPSHeRBHIE [0 10 boutan Sther

t rabecul opl a o, a ol i i r of
noncont i guou?yég'oﬂmgﬁsﬁgﬁﬂggsg ?‘;%%%ﬂ‘tglf ﬁégi\}\%?ﬁg&ﬂ Hf\egn%@le?féged hat the
| aser ener gy ed¢vared gpressurdethenmilgbbletaprudt dpigohclakaciehdy Dealilapld i some
way, and changies the, extracellular material in the trabecular nmeshwork. In
appr oxi mat el yglawgogea 15 todedesn thefinfsapqudan gresageéeous outflow i s enhanced and
TOP decrgases. However, the effect often is not long lasting and fifty
percent 16 Oct ober 2003

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



WO 00/ 64391 PCT/ US00/ 1) 215 5 of patients devel op an el evated pressure
within five years. The laser surgery is not usually repd&tQaipher 2083
addition, |aser trabeculoplasty is not an effective treatnent for primry
open angl e glaucoma in patients less than fifty years of age, nor is it
effective for angle closure glaucoma and 5 many secondar¥ glauconas | f

| aser trabectfBB*&ty does not reduce the pressure enough, ?ﬁ%WJ?PIterlng
surgery is perfornmed. Wth filtering suPgery, a hole is made in the sclera
and angl e region. This hole allows the aqueous fluid to | eave 10 the eye

t hrough an akﬂépmaﬁﬁsmbutkHJTheﬂﬁnatdqmnﬁnntywﬁhhf6hﬁeaemﬁlﬂ&mihgeprocedure

he con] uncepUEry Uhaot Pad ARt obe 0 ddiint davversstenlrur as nohe
conj unct | va. 15, | g5l B bRGNG5E peBEROS!A AR LRI, UiRchiTRLE . A

partial thickness ct e I ckness into

the cornea. Then fﬁ@%df@bf@bénﬁ@ﬁsllﬁeﬁf@t@f'@ﬂmbﬁfgﬁétclbshh@owc@hﬁ' aifd ap and a
section of deep sclera and trabecular neshwork is exciséd. The scleral

flap i s | Gosehgny smendimycanermoapl ace. The conjunctival incision is tightly
cl osed. 20 Post-operatively, the aqueous fluid passes through the hole,
beneath the scleral flap and collects in an el evated space beneath the

conj unctiva. The 1 uighhen 3 Siobfisty BBSCRAEAALDI auoh Bl ged. yasge! s i

t he conjunctiva or traverses acro e conjunctrva i r film 25

Tr abecul ect ofesi §ijRH8OGuALL i ;Wpénl‘foffﬁéd’ WigbliRefng Eikpeop| A5bR ikhaddear e
present in the episclera proliterate and mgrate an can scar down the

scleral flap.ina balem andﬁngcaecglong'fhﬁwcr}ceu;’)ws thargiouisditg todeats | dren

and younq adul ts. es that have an initially
0 theeyet rou h an alternate route.

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



successful trabecul ectony, eighty percent will fail fromscarring within 16
Oct ober 2003 WO 00/ 64391 6 PCT/ USOQ 11215 three to five 9@:9%%@3@93
surgery. To minimze fibrosis, surgeons now are applying antifibrotic
agents such as mtonycin C (MMC) and 5-fluorouracil (5-FU) to the seleral
flap at the Jd 9 surgery. The use of these agents haspiigkRasas the
success rate of trabecul ectony but alsg has 5 increased the preval ence of
hypot ony. Hypotony is a problemthat devel ops when aqueous fl ows out of

the eye too fﬁst. Tthe eye pr.essure drops.too I@ (gusuall | ess than 6.0
i) the stRIEHGHEOYATRE S SUTgesy | paBiidier DPYIER Heesns iy o1t

Trabecul ecto t . afye ' - e
surface of t%p&,@% z%[ﬁh@%ggvn@%e%ﬁ%, | t g&réze{{de[sghgay%gt %3\/3(3@%} 0"t)ﬁac{:]teri a

that nor mal | ys_hiwuwicil (B Filyribane solerdlftaeyethanimeyélsutery oligetsdé of o t he
eye. If this happens, an internal eye infection can occur called
endopht hal ni tthese dgedtphasiacriased thef ungeserds of Fapequlegienty RiHdlpr biound 15

vi sual 1oss. _Endophthalmtis can cur anyti after trabecu| ect The
71 Sk i nor SasdBCGARH (R RERYHCEEO0L HIPASRbyel PO ROTRHE TS Be)

Anot her fact | [ | | h I bl eb.

Eyes t hat ha\%vyr@%e‘gﬁ%%?g%&;g%?&&néﬁﬂri]]? ?A%ﬁqoyﬁﬁgvﬁggﬂ?rﬁsegc tines

the risk of e¥gps M&ebwotusubnY leyeshdrhat( hevdl®; shperruoturbl efbtheTher ef or e,
20 initial trabeculectony is perfornmed superiorly under the eyelid, in

ei ther the mabapsesrandenponalecrpasei-ant. In addition to scarring, hypotony
and infection, there are other conplications of trabecul ectony. The bl eb
can tear and lead to

10 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.



25 profound hypotony. The bleb can be irritating and can disrupt the nornal
tear film leading to blurred vision. Patients wth bl ebd6gehetes2PY3 cannot
wear contact |enses. Al of the conplications fromtrabecul ectonmy stem
fromthe fact that fluid is being diverted frominside the eye to the
external sur{gegeeQd the eye. 16 COctober 2003 WO 00/ 64391 Rehnldahfols 1215 7
When trabecul ectony doesn't successfully |ower the eye pressure; the next
surgical step often is an aqueous shunt7device. An aqueous shunt device of
the prior art is a silicone tube that is attached at 5 one end to a plastic
(pol ypropyl ene or other synthetic) plate. Wth an aqueous shunt device, an

incisionis made in th ] [ PRS. l.3stic
plate is sewn to the smﬁglget%bf%tc%l Keg:t%@fg g(é)ésgt?}g[r f%grh%swlﬁ;sg%ﬁv%-};?%%g?ét he

equator. A fublestilteCkiesexhebyitsl srRgeoftan os theagysuat shuie ddviedusn usual 'y
with a needle. The tube is inserted into the eye through 10 this hole. The
external portagqreoos shhet deiec of tho papedrivistahsibcohe fultolat 1s aitached ar
pericardium The cognjun ed and the ingisi.on, i |,.osed

aice of (oo
P gt Ly, Nanyoms B dhet G (ROUKPRIRG 16 Po AN eRIBTagyPEYS. RGUkats shunt
devi ces incl ”d'u”c%u§%ﬁ¥1fg# ngigggghgﬁasié}y ROLAAY inaRe cg'élzﬁr{?cgfda%xgésﬁn?om

. aq{
prior art ref'erences management have I rect a

Schl emml s cangk,scith. The peadiiavifatetis semnplovg@ dubfaceifabengetpaaterioeng-term
indwel ling stents. For exanmple, U S. Patent No. 5, 360,399 teaches the

pl acement of wsuallytoven thé equasbash ifull dhickness halghe magie into the eye at the
Hmbus, usually with a needle. The tube is inserted into the eye through
10 this hole. The external portion of the tube is covered with either donor
sclera or pericardium. The conjunctiva is replaced and the incision is
closed tightly. Many problems exist with the current technology of
aqueous shunt devices including scarring, failure, hypotony, and
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.



20 Schlemm s canal with injection of a viscous material through the tube to
hydraulically dissect the trabecul ar neshwork. The tube 18 QéphsfE80%r om
the canal following injection. Furthernore, relative to that portion within
Schl emm s canal, the 399 device has a |arger dianmeter injection cuff

el ement, which serves as an adapter for injection and irrigation. 25
Therefore, this device is not adapted for permanent placenent within

Schl enmi s canal. A need exists, then, for a nore physiologic systemto
enhance the drainage of aqueous fluid through Schlemm s canal. 16 Cctober
2003 8 Enhanci ng aqueous flow directly 8nto Schlemm s canal would m ninize
scarring e r . ' . :

monpr ol 11 endtgiraiiBLE MloGgiptolzinRg BLMELH s bt BpRldil fimi oling

Schl enm s carsl theeagle eekimispepulapbotya singleelinhel saipliferapag trabplaghe
nonnal out fdeQW $YHHBAMARubSuLAONQBICAY Mo SAHERMRES edhdlvhandh@imng nor nal
vol une of glqueous hunor.. EnhEnm ng fa uéous . flow direct lrﬁyﬁ nto Schi ﬁm"d S
canal woul dSBOIARHEDES HisrfaA baiasne! Sawrinal outtliup Aviamand & bielgicalie.
Suanmry of dnlgénderacbtat hawlld tie urase volumy efingatoussudere cEdtncmgaqmoak st ent
and an assqg¢l ated surgi cal thod for . I L i f gl aucoma
in which t O%Pirﬁ{’ﬁ?’_é‘%ﬁfsgcé%%%n ganaggrﬂuté@n%@%%ﬁ%ﬁh}pgﬁgéggigﬁ{hh% canal 's

di mensi ons eaddphthiahndisranidtl¢algat ency. The present invention therefore
facilitates the normal physiologic pathway for drai nage of aqueous hunor
into and through Schlemm s canal. The present invention is further
directed to providing a permanent, indwelling stent wwthin Schlemm's

canal for @waHaRi JTahedaveition An aspect of the present invention provides
a stent device for use In the

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.



eye to relieve excess intraocular pressure by facilitating drainage through
and within Schlemmis canal, conprising a thin body of bl%éam?ﬁ%ﬁflg

material of a I|ength and shape adapted to be wholly retained within a
portion of Schlenmmis canal, wherein said body is curved to define a

trough-1Iike, |y open channel along at |east sone gngt h of
sai d body opeﬁg{’%‘\%\ﬁrd the collecting channels of the eye sal ﬁ”bogy has an

outer diameter of about 0.1 mmto 0.5 and said body has a | ength of
about I mmto 40 nu-n. Brief-Description of the Drawings FIG 1 is an
iIlustration showi ng aF¥pd@ iypeullBstraien %ﬁ@ian@ﬂth‘éfferf’h@d“%’”éﬁﬁhe

invention, in which the.inventiv t ent r| sed of el enent s
traversing tHereE‘?ch'UHF‘etr“erﬁc‘e' ;h‘%'cﬁ] e%veﬁﬁve Sg‘g 15 cfén%% ngt ?"E‘BU??V\O
00/ 64391 9 P%é#ﬁg@ujm%e,ﬁgﬁ 2 i's an illustration showi ng anot her
enbodi nent of t present 1 nvention, in which the inventive stent is

conprised of [umnal mesh tubular elenents. 5 10 human eye. FIG 4 is an
illustration showing the anatom c details of the FIG 5 is an illustration
showi ng tHe anatonic rEI@tﬁéﬁQhHBBSm{tm Sli%”’é’@aﬁ@fh?ffemh‘éd%@ﬁ’tjlﬁéhe

| t of t.of th t Det ai | ed
Deccr | pt i on dreTiGBRE O Ehtno e vt BCRREaR bt Bt 2ucou

humor stent  ¢ha¢ are partially tubular and partially open in their configuration.

FIG. 4 is an illustration showing the anatomic details of the

10 human eye.

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,



20 device to be placed within a portion of Schlemis canal of the eye as an
indwel ling inplant to expand and maintain the patency of 16Hectelera003in

whi ch the stent device conprises a body portion shaped to be whol ly
received within Schlemmis canal to facilitate the natural drainage of
aqueous hunor to the collecting channels of the eye. 25 The present

i nvention al W@ %f8Y% des enbodi nents of an inventive stentPEEH8VISI5Ng a

t hin body of bioconpatible material of 1&8 |ength and shape adapted to be
whol Iy received within Schlemm s canal and to extend within a portion of
the circunf ergrickavihg Schhanmel shaaiato fddibatd the pagsaigk lafsdquabu® hugtew ng
anot her enbodi mrent of the resent invention in which the inventive stent

i s conprised igfo gingmglmitodght Eﬁhifﬁéﬁﬂ@’fﬁ)é‘rat"iaélIpythm@@ﬂlﬁﬁtlaﬁdcbwnﬁlal [Npeopen in
their configuration. 16 October 200§-f\é\0 00/ 64391 PCT/ lll'SOO/ 11215 10 and
having a charfREFIHHEFRMETRIAES MR QHIL-TERL CRRNEYFLOBF 100 ATEY e i nto

and through %bﬁfpgﬂl @%ﬁa@@ah taesiggei.p%!aﬁﬁaig%r %’ﬁ%lﬁurgg?.ethrj)@gytﬁmti on

cont enpl at es “many erent configurations stent device, “provided

t hat each sass@ilamins channaichrg agpeoudineuarhmedreogdinutick dscdipditarys canal ,
such as by providing a lunmen, trough, wick or capillary action. In sone
enbodi ment s @ictiphe Inrspare ewhodirnents sdythefinyerdios, éhe bedl of tbestanétoamen a

first inserti onhé) sjtion d a second ex.pande(fj stentin sjtion when in a
desi red | ocatPOr SRV A2 MsthiomBopi RO p ivened SApapddl siealindes
met hods of “ﬁigmsﬁfontvbger%?g%siﬂﬁﬂo%gﬁén reLLpgfi ment of the present

invention is directe surgical nethod to inplant the inventive stent
into a portion of the

10 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-

15 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.

20

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

25 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



circunference of Schlemm s canal. The device extending into Schlemis
canal may be fashioned froma flexible, porous or non 15*pétaRker 2003
biologically inert material to approxi mately equal a portion of the

radi us, curvature, and diameter of Schlemm s canal. Al or parts of the
device may be tubular or non-tubular, and fenestrated or non-fenestrated.
The devi ce n¥ 068 her be sized to all ow pl acement througtP@Ys¥H2¥one of
the circunference of Schlem s canal. 204 Traditional glaucoma teaching
states that Schlemr s canal in an adult is divided by septa into separate
canal s, rendegridwletipe 16 erpltetaad massagepatngy stthin Schiposs bl vAttel i mi nary
studi es on adult human eye bank eyes have shown that Schlemi s canal is,

i ndeed, pat enthe ptessut sicel ¢51eesn be passed through the entire circunference
of the canal. It has not been heretofore determ ned that Schlemi s canal
is patent throughout its circunference in normal individuals, as opposed

to being divided by s i : td | 5-; nt
invention utilizes thi ?mfgeﬂeg{)glber tZ%fgg%V\%%g?g%ﬁﬁ%%T/ﬁU%y&%f%ﬁg? 11
know edge ¢ 0 EX@Al cincwBichahstsein deaicentd isi shown Behlselenviswealibd steht h  t he
present stent devices. One enbodi ment of the present invention is

il lustrated idevige H&is eomprisehpER tubelas bedy posior d0dedining gHBWERIT a si de

uhen The ot SoboHae 1190 L SUBLLRSAN R SRR MBS,
2L L5 O BT PR, R 21400 GERER S U S g e
whi ch The body portion has a pre-formed curvature with a radius r which
10  approximates the 6 mm radius of Schlemm’s canal of an adult human
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



10 approxi mates the 6 nmradius of Schlemm s canal of an adult human eye.
The cross-sectional diameter of the body portion 10 is silgédcteerge03ful |y
received within Schlem s canal. The body portion 10 nay be either an
encl osed tubular or multisided structure, or it may be a flat, angular, or
curved open structure, or sone conbination of the above 15 when
cross-secti oHeePd#ddi fferent sites along the entirety of PEFUSEALIA. The
fenestrations 15 may be placed al ong anyyportion of the device 100 to
facilitate the passage of fluid therethrough. O her exanples of enbodi ments
of the preseappioxigiatd div arem 2@nshoivSchienhGScaRalland-h GroR-sdedvRalan
enbodi ment of the inventive stent in which the device 100 conprises a
| umi nal tubudimeteshel fhe thodycpartiouddsiend twgdien Twily hregeprasd vouthwed
curvature w Sh @ radi us ir to approximate the 6 mmradi us of Schlemi s
canal and a ofB€IB8cctdhal  diameter of the body portion 10 sized to be
fully received within 25 Schlemi s canal. FIG 3 shows an enbodi nent of
the inventive stent in which the body portion 10 is open and curved
t hroughous its | ength Ag the invsighve Hekieecbaniehg-tagaiimplanth iacpi &ef or ned
curvature with a radius r t o 16 Cctober 2003 WO 00/ 64391 PCT/ US00/ 11215
12 appr oxi mafabridaéedstiem p amtegabthabenlldieningoeeit toshe tssuesoand Suwdsi onal
di aneter of the bqdy, portion 10 sjized to be fully received.withjn
Sent o s cattam kPR i gatuel o by eateeble Mahe T idhphee i« can
be fabricat 0 GoFBAAT, I8 othBdlisWisthcRE i P RORHAHRILA libgnt igsyes and
fluids wt h?%ﬂc{rfgﬁ it isin coont actl.s ISt Fs Epl)rgf eml e t"ﬁiat Gltqpu% lt§evi ce not
be situ tenure. Moreover, it is equally preferable that the eye tissues and the
10 agueous 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
15 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.
20
In the embodiments shown in FIGS. 1-5, the 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
25 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



absor bed, corroded, or otherw se structurally conpromsed during its in
situ tenure. Moreover, it is equally preferable that the 16yectobhes2063 and
the 10 aqueous renain non-detrinentally affected by the presence of the

i mpl ant ed device. A nunber of materials are available to neet the

engi neerin i cal specifications for the stents. In | ar
engodi rrentg ‘ggg({, 4egqpresenlto I nvention, the scent device 100 | sﬁjsgaéﬁg%gruc%/ed
of a biologically inert, flexible materig such as silicone or simlar 15
pol ymers- Alternate materials mght include, but are not limted to, thin-

wal | ed pol yt sizragtenof detwgarehd, mgppye Dopyanar aboy: hd mpe fona tebulag her

nmetals and all oys known in the art of ,stentin al be used.,, such as
st ai nl ess st &&| é,/urtvf:aaﬁ\eﬁtm Yy A§QIRATabIG AL né%t &fé‘gtnh efl'?lgg gtgn?a\gl’rttl' cated with

therapeutic ' f ' 8MIcEE10YRdy EodtBin 2Qldlikhe
enbodi nent s gﬁ@%ﬁgﬁlglgfc%gﬁgg@%%nt F\Igl@b%éc}? gortion 10y may lhnavg) a plr}g-forrred

curve to approfXensdtentiong 6. Alownftiadi epgesd, arBolgednol regamabdcedlnsianthyran eye-
The body portion 10 may be of sufficient Iength tg extend through any
| engt h of 5t heheadijapentcvallunf Selelsaumzscasal Qarticwharly ipdhe diregiipn of theyt aj
| ength for the 1bod ortipn 10 of about 1.0 mMmto 40 mm or about 2 mmto
20 nm or ab&Gllce! PS5 mit circunferential placenent through Schl enm s
canal . The dianeter or w dth of the body portion 10 can be sized to yield
an internal dianmeter of between 0.1 mmand 0.5 mm preferably about 0.2 mm
and an external 1 6 CcTisbenrgdOfl3ani@od/ 6eld39antP@T tiSdrseh? 1bvdBiomianet er of
between 0.1 mmand 0.5 mé; or about 0.3 mm for a tubul.ar
iHlustrated in FI1G. 4. Generally, FIG. 4 shows the anterior chamber 35,
10  Schlemm’s canal 30, the iris 40, cormnea 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 communication 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.



or curved stent, or a conparable maximal width for a stent with a

mul tiangul ar configuration. The body portion 10 may cont dfrPdehsrdPadity of
fenestrations to allow fluid egress, arranged to prevent occlusion by 5 the
adj acent walls of Schlenm s canal, particularly in the direction of the

col | ecting . The surgical anatony relevant to the prese ihvention
is ill ustrépgg&i&haﬂ G 4. Cenerally, FIG 4 shows the anteri or&g'ﬁgspmer 35,
10 Schlenmm's canal 30, the iris 40, corfea 45, trabecul ar neshwork 50,

col l ecting channel s 55, episcleral veins 60, pupil 65, and lens 70. FIG 5

i | lustrates tAéeragtedycHie pieatgeresdnay e wiaiicsrydigsaibarreh0adpos ne

present inventi,on ith t rel evant a ] I i.ps- bt uld be
noted that t ﬁé‘heﬁ’%fe%%tvi'?/ee Jﬁg‘\aﬁego ©1 8§ pt(lj"éré‘,l @1@@'15%8{ ?%ébé%?ﬁgnémj iagf: a%\?l tiple
15 stents W thidf bheming ANl thdlci@inf@entd JfSen1BRME's danalint gagnt i al
traverse of Schlenm s canal 30. The surgical incision into Schle s canal

30 is cl osed,resdtihl stendimagertialeist teimmakdc amdntind salerdnflap mhdtdomjsiantal devi ce
100 intended. 20 The surgical procedure necessary to insert the device my
i ncl ude alsi ovomedaloae%énfaoqqr’d\ﬁmgn%ltréwerA conj unctival incision is
made. A partial thickness scleral flap is then created and di ssected

hal f -t hi ckness into clear cornea. The posterior aspect of Schlenmm s canal
is identified and the @aRR! theSatRVEEIREriBOS eRidlikntsThe angplhsy, thbamber 25
may be deepened with injection of a viscoelastic or motic agent. A

bal | oon cat hahegnticsucintemptiteca whidel vinetly. & stdpes ahd Nonfighrdteohs Afrthe 26,
2000, may be introduced into Schlenmm s canal, and inflated to dilate
portions of StntdaBrevidendnid ¢ommupdeatinn pefavess) Bsranieraerhambenargd t he

bal | oon 39d RIBFGHEPS BhaCfifa 96 P’ RIRLERE AGKRERS THE AbTil! REfieganal - 16

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

claims and equivalents thereof.



WO 00/ 64391 FC1'/US00/11215 14 Alternately, the stent devices may be
introduced directly on a balloon catheter device. Therefiér@ctoberd0Gal ity
of stent segnents may be placed at selected |ocations along the
circunference of Schlemm s canal. Any residual stent material is trinmed,
and the scleral flap and conjunctival 5 wound are closed in a conventional
manner. Wil e the above-descri bed enbodi nents are exenplary, thes invention
contenplates a wide variety of shapes and configurations of the stent to
provi de fluid conmunication between the anterior chanber and 10 Schl emm s
canal and to the collecting channels. ThHé above-descri bed enbodinents are
therefore not intended to be limting to the scope of the clains and
equi val ents thereof. 1 6 October 2003 15 CLAIMS 1. A stent device for use

in the eye hehkdeve excess intraocular pressure by facilitating drainage
t hr ough andég#m Schl emm s canal, conprising a thin body of

bi oconpati ble material of a | ength and shape adapted to be wholly retained
within a portion of Schlemmi s canal, wherein a) said body is curved to
define a trlovghieht &eyicportusalihyhopenteiedieve lexatsrngtravculbepsessigormy of t he

| ength of said body open towar?l the coll ecting channels «of. the eye,

sai d body HaS!l#{ingdigmage dheen asd wishis ST ampmns £ana). COMRTISIAAR the) b@sa:tf) 21
b0 125 = Bl e BB, g R L e m -
within a portion of Schlemm's canal, wherein
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.



directions along Schlemms canal. 3. The stent device of Claim1l, wherein
the body of the stent is at least partially luninal. 4. TBOYPRe2088vi ce of
Claim 1, wherein said body has a curve having a radius which approxinates
the radius of Schlenm s canal of a human eye, wherein the radius is

bet ween about 3 mmand 10 iron. 5. The stent device of Clainms 1-4, wherein
said body has a curve having a radius of about 6 mm 6. The stent device
of Clains 1-4, wherein said body has an outer dianeter of about 0.3 nm 16
Oct ober 2003 16 7. The stent device of Clainms 1-4, wherein said body has a
| ength of about 20 mm 8. The stent devilée of Clains 1-4, wherein said body
has a plurality of fenestrations therein that allow the passage of fluid
into Schlemm s canal .

7. The stent device of Claims 1-4, wherein said body has a length of about 20

IYHTL

8. The stent device of Claims 1-4, wherein said body has a plurality of

fenestrations therein that allow the passage of fluid into Schlemm's canal.



