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HYBR!p nm!STgQMAL CORNEAL _RING 

Field of the I.nvension 
This invencion ie a hybrid intraatrcma.l CQrneal 

ring ( 11 ICJl11 ) compriaing &t le&at one outer·"layer of a 
10 phy•iologic•lly compatible po~ymer having a low mOciulus 

oe elasticity, which polymer may be hyd~atable and may b• 
hyclrophi~ic. Th~ inner portion.of the ICR may be ~ollow 
er may contain on• or more physiologically compatible 
polymers. 

15 

Baekqrgu'Od of tho Ipyen;ion 
Anomaliea in ebe overall shape o~ the aye can 

cause visual ~iaord•ra. Hyperopia (•faraightedneas~) 
occurs wh•n th• trone-tQ·back di•tance in th• eyeball is 

20 too short. ID •uch a caae, parallel raye originating 
greater Chan 20 t••t from the •Y• f.ocu behind th• 
retina. In concra•t, wheD th• front-to-back di•tance ot 
eyebal1 i• coo long, myopia (•nearaightedn•••"> occurs 
and the f ocue of parallel raye entering t.he eye 9ccurs in 

25 front of tha retina. Alltigmatimn ia a condition which 
occur• wheD the parall•l ray• of light do not focus to a 
single point within che eye, but rather have a variable 
focus due to the fact that che cornea i• aapherical and 
retrace• light in a diff•rellt.meridian at differ•nc 

30 distances. Same degree of aetigm&t~am is normal, buc 
where it is pronounced, the aatigm&timn muat be 
c:orrecteel. 

35 

Hyperopia, myopia, and aatigmaciam ar• usually 
correct.~d by glasse• or cont.act l~•• ~ .. ·· surgical •chods 
fer c.he correccion of suc:h disorder• are lcnO"-'Jl.\'_ S~cl'f, 
mechods include radial keraeccomy (.see, e.g., U.S. 
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Patents Noe. 4,815,463 and 4,688,S?O> and laaer.corneal 
al)lation (aae, e.g·., U.S. Patane No. 4,941,093). 

Another method for correcting chose disorders 
is through che implantation of polymeric ringe in the 

s eye's corneal scroma. eo change the curvature of the 
cornea. Previous work involving the implantation of 
polymethylmechacrylate (PHMA) r~n;a, allograft corneal 
tia•u•, &nc1 hydrogele is well dccument.•d. One of the· 
ring device• involves a split ring d••ign which is 

10 inserted into a channel pr•vioualy dieaected in the 
stromal layer ~f i::.h• cornea. A minimally inva•ive 
incision i• ua•d both for producing the chann.el and for 
implanting the implant. 

The u•• of ICR.e made complet•ly of certain 
15 hard, hyd.rophobic polymers is Jcnowa. ror in•tanc;e., in 

the article •In;ra•t~oma.1 tmplantation line• Juatierbaren 
Xuniltetofforin9• Zur Hornhautrefraktionaanderu.ng•, 
H&rtmaran et al~ , 
P.;ea 465·475,·the use of in.eraatromal ring implants of 

20 ring• of eilicoue, polymechyllllllthacrylat:• (•pJllG•), and 
fluorocarbona t•TIPLON•). Other diacloeuree of the use 
o~ PM.Ma. in such in~raetrOll!al ring• i• i·cnmd in u. s . 
Pat•nts 4·, 452, 235 to R.eynolda 1 4, 671, 276 to llaynolds; 

41766,895 to Reynolda1 and 4,961',744. ·to ltilmer ee al. 
25 Thea• document• do not •uggeat the u1e of multiple lay•r• 

-of diff•ring.maeeriale in th• IC'Jla. 
Th• u•e cf aoft polym•r• as incraacrcmal 

inaerca ia no~ widely known. For 11111ca.nce, u.s. Patent 
No. 5,090,955 to Simon, 1u9ge•t• an IO\ which ia made by 

30 ineroducing a aattable polymer into an intraaeromal 
channel which ha• been-previouely ma.de and allowing th• 
polymer to set. Thia procedure doe• not allow the 
aurgeon eo specify th• size at the resulting rin~ nor is 
ic a proc••• which allow• conerol of the flowing polymer 

35 within t.he ·eye. 
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Temirov G Al, ""ltefraetive circular tunnel 
keroplascy in the correction o.f high myopia•, Vescnik 
O~talmologii 1991: 3-21·31, auggeata the uee of collagen 
thread as ICR material. 

They specifically do noe sugge•t th• use ct 
sc~t er hydrophilic polymers in•ertable inco the cornea 
as ICl.e. 

Sw;nat;y gt the Inyent:ion 
Thi• in'.'fention i• a hybrid intra•t:omal corneal 

ring ccmiprisilig ac laaae on• outer layer of a •oft, low 
madulua, often hydrophilic, phy1iologically compatible 
polymer •. 

The port.ice. of the ICI. in•ide that cut.er layer 
lS may be hollow and ad&pcad co be tillable with a biologic 

agent, dr\ig or·o~her liquid, emuleitied, or time-relea•e 
eye tr•a~c material. The inner portion may comp:-ise 
variously a core of a high modulua, pby•iologi~ally 
ccmpaeil:>le polymer or a further ccmpo•it• of a low. 

20 modulus polymer er a high modulua po~ym.r cora or a high 
modulWI 'polymar or a lo~ modulus polymer core. ~e inner. -
portion may comprise a polymeric macerial wbich is 
polymerized 1a steu attar incr~uction into a hollow 
center layer. 

25 Th• tem •high modulu• polymer• i• meant. to 
include phy.iologically compatible polymer• such as PMMA: 
TBPLOlh cert•~ longer chain •iliconea; polycarbonate; 
and polyolafina aueh •• polyethylene, polypropylen,, 
polybUtylae, t.heir mixtures or other polyolefiz:i. 

30 incerpolymera. Th• term •low modul~• polymar• i• meanc 
to include phya1clogically cempatibl• polY:Dl•r• and 
hydrogela, aucb a• polyhydroxyethyl methacxylate (•poly­
HJEMA,,•) er polyvinylpyrrolidone (•PVJI•) ~r. ela•comeric 
material• and biolo~1c polyinera •uch as croeslin.Jced 

JS dextran, hyaluronic acid, and heparin or ~h• like. The 
----·-- ----------- ··------···-----·-·· 
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low modulua hydrac&Dla polymers, ~n any caae, ·may be of 
the type which is sufficiently cr~a•·li~ed such that 
they do not swell upon coneacc wich water (and aubaequent 
hydration> ·or of the cype which- swell• when hydraced.. 

s Additionally, the claae of low moCSuiua polymere 111 m•&nt 
co include·e1aacomeric polymers, e.g., latex rul>ber, 
colloids of polyeatar and polyether, polyurethan•a, lower 
molecular weight siliconea, iaoprene, and the like, which 
are atal:>le and phyai~logically compatible. Pin.ally, the 

·10 low modulus polyme.r may be a reinforced hydrogel such aa 
an interpenecrating- necwork of polymariz•d vinyl 
pyrrolidone ~d methyl methaczylate. 

15 

our ICR.a may be imp~anced into the stro111& u•i~g 
a number ot known technique•. I.e hydratable polymers are 
uaed, chey· may b• hydrated before or at.~er introduction 
into th~ intrascromal paaaageway created by the surgical 
device u••d to i~troduce th••w devices into the eye. If 
the oucer layer i• hydrated before in1ertion i:co the 
eye, the ·final eize of the ring 1• sec before that - . 

20 in•ercion~ If ch• hydriLc&J;)le.polymera are allowed co 
hydrate wichin th• corneal apace, the device (it 
appropriate polym•r• are Chosen) will swell within tne 
·eye to it• fimi.~ size. If prehyd:rat•d, ch• out•r layer 
of ten provide• a m•a•ure of l..ubricity c.o the ICR._, 

25 allowing it ta b• im1erted with greater ea••· Other of 
the noced.lov incdulua polymer• may al•o provide •uch 
lubricity. 

Thi• invention allows for adjuetment of ?CR 
thiCkrl••• and diameter and provide• a •ofter interface 

30 betweeu a harder polymer core and c:omeal ti••ue. 

35 

"l 

sri1C P••AEipcion gt th• Prawinq• 
Pig\lre l i•.a •c:hamatic illuatracion of a 

horizontal section of the eye. 

--·---·--------· .. 
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· Figure 2 is a schemat~c illustration of the 
anterior poreion of the eye showing the various layers of 
the cornea. 

Figure 3 showa the step.cf in•erting the 
S inventive ICR through an incision in the cornea. 

Figura 4 •hows, in partial croea-1ection, the • anterior portion of an eye with the hybrid ICR installed. 
Figures SA and.SB ahow, in ~~·•·••ction, 

respectiv•ly, an Wlhydrat9d and & hydrated ring in which 
10 the hydratable, low modulus polymer is placed on only two 

surfaces. 
Figure 6 shows in croaa-•ection an unhydrated 

hybrid ICR in which t.he hydratabla, low modulu1 polymer 
complet•ly coat• the ring~ 

15 .Pigura 7 show• & multiply coated ICR.. 

20 

Figure 8 ahowa, in crosa·s•ction, an ICR 
comprising a awellable, low mcdulua polyiner. 

Figur•• 9A and 98 show, in croea-••ction, an 
ICR. comprising a f illahle sh•ll which is non.hydrated in 
Figure 9A and hyc1rated &nd •wollan in Pisrur• 98. The 
Figure 98 ICR canc&iZl8 a fluid. 

Pigur•• lOA and 108 ahow a baffled •oft ICR. . 
. Figure 11 ahow• an end-~o·end IO. connector 

which·pe~t• introduccion.of d:ugs or a eetta.ble 
25 polymer. 

P••c:ip;ign gt the Inyencion 
Prior to expl&ini~ the details of the 

inventive devices, a ah~rt expl&D&tion of the phy•iology 
30 ot the •Y• ie needed to appreci•t• th• iunctiorial 

ralationJihip of the IOt to the eye. 

35 

Figure l ahow•·a horizontal cro••·•ection o~ 
the eye with the globe (10) of tha eye resembling a 
sphere wich au anterior bulged spherical portion 
repr•••nting the corn••· ( 11 > • ------------·--- -- -- - -
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The globe (10) of the eye conaists ot ~hree 
eoncencric coverings encloe~ni the various cr&nsparent 
media chrough which th• ligh~ muse paee be!ore reaching 
the light·senaicive retina (12). Th• outermo•t covering 

5 is a tibr_oua protec:cive portion the poacerior tive· sixths 
of ~hich i• white and opaque and called the eclera (13). 
and aomet.imee ref erred ta aa the white of the eye where 
visibl• co th• front. The anterior ·aa•·•ixch of thi• 
oucer layer is ehe tranaparene cornea (11} • · 

10 A midd~a covaring is mainly va•cular and 
nutritive in !unct.ion and i.• mada up of cha choroid, 
ciliary body (15), and iris C20). Th• choroid.gen•rally 
functions co maintain th• reti~ (12). The ciliary body 
(15) ·is involved in 1uspendin9. the 1•119 (17) and 

15 ·accommodation of th• lena. The iri• (16) i• the moec 
anterior portion o! the middle covering of ehe •Ye and is 
·arr~ged in a frontal plane. It i• a thin circular disc 
similar in function to th• diaphragm of a camera, and is 
pertarate near it• eencer by a circular aperture called 

.20 the pupil (20). The 1ize of the pupil varies eo regulate 
the amow1t of light; which reaches the rec1zia (12}. It 
concracta alao to accommodaticn, which serve• to abarp•n 
che rocu• by dimini•hing aph•rical ill>•rracion. The iria 
divides th• •pace between th• cornea (11) and the·lena 

25 (17) izit.o an &Aterior chamber <a1> and post•rior chamber. 
The imie~•C portion of·coveriDg i• the reti~ (12), 
conaiscing of nerve element• which fozm th• t:ue 
receptive portion !or vi•i.tal impreeeiona. 

The retina (12) ia a·.~ ot th• brain arising 
30 aa an oucgro~h frOll\ the fora·brain, vi~~ the optic nerve 

(23) ••rving a• a fiber trace cozm.ecting the r•ti12& pare 
of th• brain with the fore-brain. A layer o! rode and 
conee, lying j~•t beneath a pigmented epith•lium on chA 
anterior wall of th• r•tina serve •• visual calla or 

35 

----~--------~ 

B en R.ieplaced 
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photoreceptors which transform phys_ical energy. Clightl 

into nerve impulses. 
The vicreoue body (24) i• a transparent 

gelatinous mass which tills the posterior !our-fifths ot 
s the globe (10). At its sides it support• the ciliary 

body (15) and the retina (12). A frontal saucer-shaped 
depression houses the lens. 

The lens (17) of the eye is a transparent bi­
convex body of erysta.liine appearance placed between Che 

10 iri• {16) and vitreous body (24). Its axial diameter 
varie• markedly with accommodation. A ciliary zonule 
(25), consisting of transparent fibers pa••ing between 
th• ciliary body (15) and lena (17) aeJ:V•• co hold the 
len• (17) in position an~ ·enables the ciliary muscle co 

15 ace en it. 
Referrin~ again to the cornea (11), thi• 

ouce~ac fibrous traneparent coacing resemble• a watch 
glaee. It• cu:vature is somewhat great•r than the rest 
of the globe.and is ideally spherical in nature. -

20 Howevar, often·it i• more.curved in one meridian than 

another giving ri•• co a•t.igmacism. A central third o~ 
th• cor11ea ia called the optical zone with a slight 
flacteniag taking place outwardly thereof ae the cornea 
thickens towarde it• periphery. Mo•t of ·the refraction 

25 of th• eye talc•• place through the cornea. 
Pigure 2 is a more detailed drawing of the 

ant•riQ~ portion of th• globe showing th• varioua layers 
of the cornea (11) making up th• epithelium (31) • 
Epithelial cells on the surface thereof fwiction to 

30 maintain craneparency of the cornea (11). Th••• 
epithelial cells are rich in glycogan, anzyme• and 
acet~lcholine and their activity regulate• th• corneal 
corpuecla• and control• the tranaporc of water and 
elec:crolycea ehrough the lamellae of the st:roma {32) of 

JS the cornea cii>. 
_____ '"'!!__ ______ _ 
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An an~arior lim.itinq luella. (33), r•farred to 

aa Bowman'• m•m.brane or layer, is position•d batwaen th• 
apittualiWD (31) and the stroma (32) or the cornea. The 

stroma (32) ia made up ot lam.•llae havin9 bands at 

5 · fibril• parallel to each other and ·croa•inq th• whole of 

the cornea. While· most of th• .fibrous band• are parallel 

to the surfac•, soma are oblique, especially anteriorly. 

A posterior limiting lamina (34) is referr•d to aa 

D••c-et'• membrane. It ia a atronq membrane sharply . 
10 defined from the stroma (32) and r••i•tant to 

pathol09ical procaaaea ot the cornea. 
Th• endotbeliwa (35) ia th• moat poater~or 

layer of th• c~rn•• and con•i•t• of a •inCJl• layer o.f 
calla. 'l'he liBua °(37) i• th• tr-naition zone between 

15 tha conjunctiva and aclera on th• one hand and th• cornea 
( 11) on th.• other • 

. Pigure 3· ahov• th• complation of t:h• step of 

insertin9 th• hybrid IcR into th• corneal •troaa. 
Ta~iquu •uah aa that ab.own in our capenclinq 

20 application ••rial no. 07/167,745, are auitabl• for 

preparin9 the eye and insartinq the ICR into the 
appropriately prepared int•rlam•llar stroaal c:hann•l. 
Ganaral~y th• ICR ~· inatallad in th• following manner: 
A amall radial incision i• made at the corneal radius in 

25 which the ICR ia ultimately to be inatail•4 about th• 

corn••~ .A di•••ctor in t:h•_torm of a split. ring havinq a 
paint sv.italll• for producinq th• int.rlam•llar channel in 
the corneal •troaa ia introduced into th• atroaal space 

throu9b th• maall in~iaion. It 1• then rota~•4 in such a 
30 taahion that a 9enar~lly ~irc:ul&r ~bannel ia fQrmad 

coaplataly ancirclin9 th• corn••· Tba.di•••ctor is then 

rotated in th• oppo•ita direction to withdraw it from th• 
tunnel or channel thua :formed. An IcR is then introduced 

. . . . 
into th• circular· channel and joined at it• enda. Hy~rid 

35 -h-···-···------
-------~ -· -~-. 
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ICRa·having par~ially hy~rated pclymer• on their outer 
periphe%Y are typically slippery and conaequently may be 
intr.oducad ineo the intarl~•llar tunnel with gra&t ease. 
:t is usually deaira.ble co <at lea•t parc;ally> hydrate 

s che hybrid ICR. in that, oth•rwiae, the ICR. during its 
traverse through the tuanel may desiccate the path and 
begin to ecick to the interior wall of the tunnel. The 
ICR. may be lubricaced wich suitable ocular lubricants 
such as hyaluronic acid, mechylethyl celluloae, dextran 

10 •olutioJ::i., glycerin• solution•, polysacc.baridee, or 
oligoaaccharid•• upon its introduction to help with th• 
ina.er~ion parcicularly if one wish•• to insert th• hybrid 
ICR. without any hydration. 

Figure 4 Showa, in cro••·aec:~ion, the aneerior 
15 portion of the aye with the hybrid ICll (50) in•erted. 

Sul>•equan~ to the in•ertion, th• ?CR (5.0) will •well co 
its final aize or thickn~•• (53) within the •Y•· !1111• 
swelling paz:mit• .the incluaion a! l&rg•r ICR.9 than would. 
noz:mally be accormnodated within normal eized intra1cromal 

20 chann•ls. 
Figure SA ahowa in cro••·eection th• hybrid !CR 

havi~g i=n•r and outer face• (54) compriaiog pol)'m9r• 
having low modu11 o! alaacicity. Low modulus polym~ra 
are thO•• having a mcdulu• of elaeticity below about l,S 

25 kp•i, mar• pre!•rak>ly betw•en 1 p•i and 1 Jcpai, a.Ad most 
preferably, betwe•n 1 P•i and. 500 p~i. Th•y nua~ be 
phy•iclogically comp&t.:11'le with the ey•. Mo•c polymeric: 
maeeriala u•ed in ao!t contact l•neea are suit.a.bl• tor 
the oucer layer colitamplaced in chi• invention. In 

30 addition, the cla•• include• physiologically compati~le 
elastomer• such a polyii.cryl&tee, •ilicone•, iaoprene, and 
the like. Additionally, low modulu• polymer• include 
biologic polymers such a• cro••linked daxt.rms., 
crc••linked hepa:in o~ hyaluronic acid. 

35 
-- ----- -------------- - --
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The inner port.ton or cor~ (56} as shown in 
Figure SA is a physiologically compatible polyme~ h&vin9 
~ ~!gh modulu• ot alasticiey; A high modulus of 
alascicity i• considered co be greater in value than 

5 al>ouc 3.5 kpsi, preferably 5·12 kpai, and most preferably 
8·10 kpe~. These polymers are typically •titter and may 
be materials such as polymeehyl methacrylate <PMMA>, 
TEFLON, longer chain silicone polymer• such •• are used 
in hard cont.act lenaea •· Additionally, suitable polymers 

lO include polycarbo~te•; polyolefilla auch •• polyethylene, 
polypropylene, and polybucylene, their mixture• acd 
polyoletin interpolymera, block copolymer• and the like. 

15 

. The extent to which the outer layer• evell upon 
hydration ia dependent upon th• cype of polymer cho1en 
and, when the polymer i•'hydratable, upon the amount cf 

' . . 

croea·linking found in the oucer layers <S•l, and. on the 
thickness of the layer. Generally spealcin;, the more 
highly linked the hy~table polymer, ~he amaller the 
amount a~ vol'lllllll change upon hydraeicn. Conver••ly, a 

20 polymer having only auffici•nc. crc•e-liJlking for et:ength 
in che service in which this d•vice is plac.t, will .have 
a aomevhat. lower level ot cro••·limdng. Al.~ercac.ively, 

a aubetancially nonewellable polym.r ayetam may b• formed 
at a hyd.rogel pby•ically ine•rpeaecrated by another 

25 polymer which do•• noc hydrate, e.g., polyBBMA. see, 
polyaoylnitrite. 

Th• thickne•• of th• outer layer dependa in 
large fw:iction upon the intended u•• of th• ?CR. Por 
in11tance if th• outer layer ie co.be used •• a container 

30 ~or an inner volume of· a setcable polymllr or d:r:ug, th• 

35 

·-· outer layer may be relatively thicker. If. thlt outer 
layer is used to provide a awell&ble outer layer which 
doea nc:u• add sign1f1caatly co _the _a.is• of· th• ICR. or i• 
used functionally as a l~:icant layer, t.he ocher laye~ 

----------------

U1i1iii1if Uf-
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may be quite thin even to the point ot a layer of minimWll 
coverage, perhaps as thin •• a molecula thick. 

Firj\U'• SB shows th• hybrid ICR of Fiqure SA 
atter it ha• bean QOJDpletaly hyd.t"ated and the polymer 

5 faces (54) have swollen to their 1&1"9••t extent. 
The invantiva daviea •hown in Fiqures SA and SB 

may al•o be uaed in th• instance Where a low modulu• 
covarin9 i• not placed. over the entire out•ida surf ace of 
the ICR. Por inatanca, to alleviate astiqmatism, an ICR 

10 havin9 a t!l1c:k portion and a thin portion 11&y be 4esir•d. 
An ICR bavinq an inner core of a hiqh modulu• polymer and 
an outer coverinq of ·a swal.labla polymer mi9ht be ~hosan. 
Th• a1U"C)eon would remove a portion of th• ICR'• exterior 
coating or tac• prior to introducinq the ICR into th• 

15 eye. Such·an Ic:R and its use ara de•cri~•d more fully in 
Serial Ko. 07/939,492. 

Figura 6 ahova a hybrid ?CR in which the core 
(56) ia of high modulua polymeric aaterial •uch as 
mentioned above. In thi• variation.th•·outat' surface is 

20 completely coated with a swallabl• polymer or polymeric 
9el •uch •• tho•• 4l•cua•ed abOva. Again, th• 
compo•ition of cuter coverin; (58) may be of a hydratabl• 
polymer ayat .. whic:h ia autf iciantly cro•••link•d that 
th• polymer da.a not avall appreciably upon hydration. 

25 Altarnatively, the covering (56) aay be cro•••linkad only 
so ~= a.a to allow •Wlatantial avallin9 of the outer 
covarin9 eith•~ before or after in•ertion into the eye. 

Figura 7 show• another variation ot th• 
inventive hybrid .tea. In thia variant of tha inventive 

30 hybrid ICR, th• inner hi9h modulua cor• (54) i• 
surrounded by more than one layer, apacitically, an 
intaraediat• layer (60) and an outer layer (62). Thi• 
hybrid ICR may be appropriate when the outer layer (62) 
is dirticult to bQnd to th• core (56). An intermediate 

35 . 

----------------
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laye~ (60) which bonds both co the core (56) and co che 
outer layer (62) may be used. Intermediate layer (60) 
cypica.lly would not be a polymer which swell• appreciably 
upon hydration le•t it split outer layer (62). Outer 

5 layer ·< 62 > may either swell ~pon hydration, aa is shown 
in Figure 7, or may remain at approximately th• aame size 
upon· hydration if a auitat>ly low modulus polymer system 
is.choeen. 

Pigui:e a shows an ICR. made of a low modulus, 
10 hyd.ratable polymer such &a tho•• diacuased above. Since 

these polymei-• often lo•• sub•tantial mecbanical acrengch 
upon hydration, the•~ ICJls would be i1111erted into Ch• 
intra•tromal apace prior to being hydracad or with the 
a••iatance of a tool either cefor• or after .hydration. 

15 Pigure 9A show• an ICR made of a low modulus 
polymer ay•tem hydr&t&ble outer coacing .{6S) and an inner 
cavity (68). Ttiia ICR may be ina•rted into the 
inera•troa,al apace ci:eae•d by th• dissector <as daecribed 
abcvel aa a cc::ivering en a tool similar to the dissector 

20 which creat•d the iacracorn•al channel. once in poaition 
the i:caa:ttion tool i• ·rotat•d out of che IOt leaving the 
•hell within the •·troma. 

Alternat1vely, the IcR may be intrbduced into 
the incraacrcmal channel as th•.disaeccor is ~ully 

25 rotat•d in place, atca~hed to the l•ading edge of the 
diaeeccor,. and pulled into the incr&scromal channel as 
th• diaaector i• rotated out o! the eye. 

. Pigure 9B ahowe the ICR. of Pigure 9A upon 
complecion of the hydration in that che ·out•r covering 

30 {66) is·•wollen to ice large•t exi:ane. Purthezmore, th• 

35 

innar cavity (6S) CPigure 9A) inay be filled w1ch a 
biologic, drug or ocher liqui~, or biologically active 
eye creatment material. Th••• device• may be tied or 
otherwi•• co~ecced at th•ir poine of inaertion ~y·known 

----------- ----~- -
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The shell may be injected with a set~able soft 
polymer c~re and allowed to expand co a daaired · 
chicknesa. Suitable injectable polymers are well known 
but include polyHEMA hydrogel, cro••·linked collagen, 

s cro•e·linked hyaluronic acid, ailoxan• gal•, and organic­
siloxane ~els such as croaa-linked methyl vinyl siloxane 
gel•. The injected polymer _set.• after injection. 

Figures lOA and 101 show a variation cf the 
invencive ICR (80) in which·a polymeric ring containing a 

10 number o~ chamber~ (82) eeparated by baffle walls (84) 
which may have an optional hole (86) in the baffle wall 
(84). Once th• ICR is introduc•d inco the eye, it may ba 
tilled wich a drug or biologic material via injection 
with a auic&ble •yringe through th• ICll wall or into th• 

lS end C88) of th• cube. A eetc&bl• polymer of the cype 
di•cu••.•d 'al)ove may be 1ntroduc•d into th• chambers in 
aimilMr faahion if a ring of variable bulk i• required. 
It is al•o appropriat• to includ• a smaller f 111 tube 
(90) which extends through the end (88) of the tub• C80) 

2 o through the hole• C 8') in the baffle val.la ( 84 > • In this 
way drugit. biologic agent•, or •ectabl• polymer• may be 
d•livar~d in a specific fa•hion throughouc tha ring aa 
the fill tube i• wichc1nvn frcm th• ICR. 

Pigur~ 11 show• a conn•ctcr (92} situated 
2S b•eween che andll of an lOl C90). ·The IC1l i• a low 

moclulua pQlymer having a hallow cenear. Th• connector 
bu a receiver pore (94) .11u1e&til6 fer intrad.uci119 cb:u9a, 
biologics, or settable po~ym•re inco the interior of th• 
ICR. Th• connector has a pae1agaway eozmeceing t-he 

30 receiver port: (94) into th• ICR. intarior. 

35 

In th• variation of· th• invencion apaeif ied 
ju•c al)ova and •hoWD in Pigure• 10.A. 108, and 11, th• 
wall or outer covering of! th• ICR. may be .a hydraeable low 
modulu• polyzmir or an·ela•c=-~· ?tan elaacomeric; 

-------~-----
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polymer ia selected, the lCR may be injected with a 
settable polymer as specified. 

. . 

The low modulus polymers uaed in this invention 
are o~ten absorbent, particularly if ~he.y are hydratable, 

S and may be in~uaed with a drug or biologic agent which 
may be slowly released from the device after implantacion 
of the ICR. Por instance, the low modulus polymer may be 
loaded with & drug such as dexame~~aone· to reduce acute 
inflammatory response to implanting the device. Thia 

10 drug helps to pr_e~ent und••iral:>la •ca~ing or vascular 
ingrowth toward the ICR. Similarly, heparin, 
corticoateroida, antimitotics, ~tiin!lammatorie•, and 
antiangiogeneeis factor• <such a• nicotine adenine . 
dinucleotid~ UQD+)) may be i~~luded to reduce or _p~eve~t 

lS angiogeneai• and inflazmnation. 
Clearly, there are a variety o! ocher drug• 

suitable for inclusion in the ICI.. The choice will 
depend upon t~• uae to which the drug• are put. 

The teJ:m8 and expresaiona which have been uaed 
20 ~n th• deecription above are used only a1 cet"ma of 

deacrip~ion and not ot limitation. There i• no intention 
of excluding equivalents of tha taacur•• 1hown or-. 
de•cribed. It i11 recognized that. one having ordinary 
skill i~ chi• art wo~ld pereeive_equivalence to the 

25 inventions claimed below, which equivalence would be 
within the spirit ct eh.-invencion ae expre•••d above. 

30 

35 ---~--- ----·----··-----------
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I.CLAIM AS MY rmrgNTION: 

l. A aplie polymeric ring suitable for 
introduction into the scroma comprieing at least one 

S oucer layer of a low modulus, phyaiologieally compatible 
polymer. 

2. - The ring of claim l wh•re the low modulus 
physiologically compatible polymer is ••l•cted from. 

. 10 hydr&tabl• polymer• which •well upon hydracion, 
hydratal:>l• polymer syacema which do not avell upon 
~ydration, and elastomer•. 

3. The ring of claim 2 where th• low modulus, 
15 phy•iolagically compatil;)l·• polymer compri••• an 

elaat.ome~. 

4:. The ring ot claim 2 where the low modulus, 
physiologically compatible outar layer c~mpriies a 

20 hydr•table polymer ayatesn tbat i• •ufficiently cross· 
linlced or·~aiD.forced •Uch tba~ it doe• not avell when 
ccntact•d wich water. 

s. Th• ring of claim 2 where th• low moduius, 
25 physiologically campaeiDle ouear layer ccmpri•ea a 

polymer which will swell upon contact with wacer. 

&. - The ring of claim l. additionally 
comprising an i.zm.ar poreicn of ac lea~t one 

30 phraiologically compa~il)l• polymer. 

3S 

7. The ring of claim '6 where the 
phy•·iologic:ally compacible ismer portion comprise• a 
polymer having a high modulus of ela•cicity. 

----------------------- d 
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8. The ring of clai.n). 7 in which the 
physiologically compatible inner portion polymer 
compri••• a polym•r selected from PMMA, TEFLON, 
silicone, polycarbonate, & polyolefin aelect•d from 

s polyethylene, polypropylene, polybutylene, lriixturea, or 
ineerpolymers. 

10 

9. Th• ring of claim 8 where the inner 
portion polymer is PMMA. 

io. Th~ ring of claim 6 in which the 
physiologically compatible inner portion polym•r 
comprise• a low modulus polymer. 

15 ll. The ring of claim 10 in which the low 

20 

modulua, phyaiologically compatible inner portion polymer 
is croaa·linkad_or. reinforced sut~iciently chat it does 
not aUbstantially •well upon introduction into the 
s.troma. 

. 12. The rin9_ ot claim 10 in which the low 
modulu•, phyaiologically compatible izm.er.portion polymer 
will swell upon concact with watar. 

25 13. Tb• ring of claim ' where· the inner 
poreion CC!lftPri••• cwo or more phy•iologically compatible 
polymare. 

14. The ring of claim 13 wher• ehe imi•r 
· 30 por~ion camprisea layers anC1 a cen~er w~ich indepenc!enely 

comprise polymer• ••lected from high mcdul~• polymers, 
•wellir.ble hyctratal:lle polymers, an4 non-swelling 
hydraeal:ll• polymer syeeem11. 

35 
----------------------
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lS. The ring of claim l4 where the.center is a 
high modulus polymer. 

16. Th• ring of claim 15 where th• center is 
5 PMMA. 

17. The ring of claim 1 where th• inner 
portion is fillable. 

10 18. The ring of claim 17 where the hollow 
inner porciozi 1• fillable with a liquid. 

19. The ring of claim 17 where ~he bellow 
im::iar portion is at lea•t partially f ill•d with a gal or 

15 a saccal:tle polymer. 

20. Th• ring oi claim 19 where th• hollow 
inner porcian is filled with a gei or settable polymer. 

20 21. The ring of claim. 19 where the ••Ctable 
polymer ia aelecced t:cm polyHBMI. hydrcgel, c:oss·lin.ked 
collagen. c:aea·linlc.ed hyal.uronic acid, •iloxane gals. 
polyvinyl, pyrrolidon•, and organic·•iloxane &•la. 

25 22. The ring of claim 21 wh•re the settal:lla 

30 

polym91r i~ polyvinyl pyrrolidone. 

23. The ring of claim l additionally 
compri•iD9 a drug er =iologic agenC. 

24. 'th• ring o! claim 23 additionally 
comprising an antiinflanu.i:.o:y or ant.ithrombogeic. 

25. - The ring of claim 23 where Ch• cb:ug i• 

35 aelacced from dexame;h&eoae, hepariz:i, corticoater~~~·--- ___ _ --------
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anc:imitocics# antithrombogenic, and_ antiugio9eneai11 
factors. 

26. The ring of claim 13 additionally 
5 ccmpriaing a d:ug o~ biologic a~ent. 

10 

lS 

20 

25 

30 

35 

27. The ring of claim 26 additionally 
comprising an a.ntiinflammatory or &Dtithrombogenic. 

28. Th• ring ot claim 26 where the drug ie 
selected t~om ~exam•thascne, heparin, ecrticoaceroida, 
antimitocice, antithrclftb~genic, and antiangiogane•ia 
faceor•. 

29. The ring o~ claim 17 addicionally 
compri•ing a dzug or biologic agent. 

30. Th• ring o! claim 29 add1tionall~ 
comprising an .antiintlammatozy- or antitbrcmbogenic. 

31. Th• ring of claim 29 where the drug i• 
selected from dexamethallone, heparin, corcico•teroid9, 
tmcimicoc:ica, anti~hrambogaic, and antiangiogeneaia 
f&c:cora. 

. . 

---------
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32. A split polymeric ring suitable for 
introduction into-th• atroma compriaini at leaat on• 
outer layer ot an elastomeric, physiologically comp&cible 
polymer. 

33. Th• ring cf claim 32 additionally 
comprising an inner porcion of at least one low modulus, 
phy•iologieally eompatib~• polymer. 

34. The ring of claim 33 in which the low 
mcdulu•, phY11iologically compaeil>l• polymer ayacmn inner 
portion i• sufficiently cro••·linked or reinforced such 
chat it does not substantially swell upon contact with 
watar. 

35. The ring of claim 33 in which the low 
modulus, physiologically compatible polymer inner portion 
will swell on contact with water. 

20 36. ·Tb• ring of claim. 32 in which th• ianer 

25 

JO 

35 

portion ia eillabla. 

3 7. The ring of claim 3 & where th• hollow 
inner porcion is fillable wich a liquid. 

.38. Tb• ring of claim 3& where th• hollow 
1DZ18r portion ii at least partially !illed with a 
seetal)le polymer. 

39. The ring o~ claim 36 in ~hich the hoilow 
inner portion i• filled with a settable polyzner. 

40. Th• ring of claim 38 where the settable 
polymer i• ••lected from polyHEHA hydrogel, croe•·li:lk•d 

111111f 1111~iiiJllilHii 
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collagen, cross-linked hyaluronic acid, siloxane gals, 
polyvinyl pyrrolidona, and organic·siloxane gels. 

· 41. The ring cf cl&im 40 where ~h• eettal)le 
s polymer is polyvinyl pyrrolidon•. 

10 

42. Th• ring of claim 32 additionally 
comprising & ~rug or Qiologic agent. 

43. The r:ing of claim ~2 aclditionally 
comprising an antiinflammacory or antithrombogenic. 

44. Th• ring of c:laim 4~ wh•r~ t.h• drug is 
selec~ed from·dexamethaaone, heparin,· core1coateriod8, 

15 antimitotice, antiinflammatort, and a:tiangiogene•i• 
factors. 

45. The ring of claim 32 additionally 
compr_!-•J.ng a high madulu• polymer core where th• high 

20 mod.ulu•~ phyaiolcgically compaeibl• polymer is •elected 
from P!OQ;, TBPltON, silicone, polycar?>ccate, a polyol•fin 
aelected from poly•thylaD.e, polypropylene, polyJ:)utylene, 
mix.cur•• .. or interpolymara. 

25 46. The ri:ag of c:laim 45 where th• high 

30 

35 

modulua, ;hymiclogically compatible oucer porcion polymer 
compz-ia•• PMMA. 
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47. A split polymeric ring suitable tor 
introduction into the stroma. comprising at· lea•t one 
hydrat&J::)le, physiologically compatible polymer. 

48. The ring ot claim 47 whare the polymer is 
sutficianely eross·linked or reinforced auch that it doe• 
not swell when contacted with water. 

49. Th• ring of claim 47 where the polymer 
l.O will swell llhen contacted with wacer. 

15 

so. The ring of claim 47 where the pol~r i• 
selected from polyhydroxyethyl methylac.rylace and 
polyvinylpyrrolidone. 

Sl. Th• ring o! claim 47 additionally 
compri•ing an ocular lul:>ricant.. 

52. Th• ring of claim Sl wher• th• o~lar 
20 lubricant is ••lecced from hyaluronic acid, 

methylethylcelluloae, dextran aolutioa.s, glycerin• 
solutiona, polysaccharicle•, or oligcaaccharidea. 

53. The ring of claim 47 additionally 
25 comp:i•ing a drug or biologic aganc. 

30 

54. Th• ring of claim 53 wl\era th• drug is an 
aneiinflammatory or ancithrombogenic agaQe. 

SS. Th• ~1119 of claim 53 wher• tha drug i• 
eelecced ercm d~Chii.80Ca, heparin, COrtiCO•teroid•, 
ancim.itotica, antiinflammacory·, and antian;iogene•i• 
faccors. 

-------------
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