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HYBR!P INTRASTROMlW CORNEAL _RING 

Field of the t.nvention 
This inv•ntion ie a hybrid incraacromal corneal 

ring (•ICR•) comprieing &t laast on~ outer·layar of a 
phyeiologic~lly compatible polymer having a low mO<iulus 
ot elasticity, which polymer may be hydratable and rna..y be 
hydrophi~ic. The inner portion.of the ICR ~y be ~ollo~ 
or ma.y cont&in ona or more physiologically compatible 
polymers. 

Background of the Inyeneion . . 
Anomalies in the overall shape of the eye can 

c&use vieual ~isordars. Hypercpi~ (•taraighted.ne~sR) 

occurs wh•n the front-to-back diatanc& in th• eyeb&ll ig 
too short. In auch ~ case, parallel raye or~ginating 
greater than 20 f~et from the aye fOC\UJ behind th• 
retinll. In contrast, wh•n th• front-to-back diata.nce of 
eyeb&ll is coo long, myopia (•nearaightedn•s••) occurs 
and the f ocue of parallel raye entering the eye ~ccurs -in 
front ct the r•tina. Astigmatism is & cond~tion which 
occur• whan the p&rall•l ray• of light do not focus to & 
singl~ point within the ey•, but rathar h&va & vari&ble 
f ocua due to the fact that the cornea i• aspherical and 
re!ract11: light. in a. di!tsrent.maridic.n at different. 
dista.oc•e. Some degree of astigmA~iam ie norma..l, but 
where it is pronounced, th• astigma.tism must be 
corrected. 

Hyperopi&, myopia, and LSt.igma.tiStn are usually 
correct~d by gl~~sea or cont.Let lan•••· ~urgical met.hods 
tor the correct.ion of euch disorder• &re known. Such 
met.ho615 inclu6e radial kera.t.ot.omy {flee, e. 9'. , U.S. 
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Patents Noe. ~,815,463 and ,,GSS,S.?O> a.n~ laeer.corneal 
ablation (aee, e.g·., U.S. Patent No. 4,941,093). 

Another mathod for correcting thoaa disordera . . 
is through the impl~t&tion of polymeric ringe in the 
eye#s corneal stroma co change the cur.vs.cure o! the 
cornea. Previous work involving the implantation of 

polymethylme~hacrylate (PMMA.1 r~ngs, &llograft corneal 
tisaut, &nd hydrog•ls 1~ well documen~•d. On• of the 
ring devicea involves a split ring d••ign which ia 
inserted into a channel pravioualy diaa•cted in the 
stroma.l layer ~! tha cornea. A minimally inva•ive 
incieion is uaed both for producing the channel and for 

implanting the implant. 
The use of ICR.e inade cottiplecely o! certain 

hard. hydrophobic polymers is known. For insca.nqe., in. 

the Article •In~rast~oma.l Implant&tion Einea Justierbaren 
KWU!Catofforings zur Hornhautrefraktion•a.nderung•, 
Ra.rcma on et al. , 

pa.ges 465-475,·the use o! in~raatromal ring implants ot 
ring• ct eilicone, polymechylmathacrylat• (•pMMA,•), a.nd 
fluorccArbons (•TEFLON•}. Othar diaclosurcc ot th• use 

o! PMMA in such in~raecrOma.l rings i• found in u.s. 
Pat•nts 4,452,235 co ReynoldJr; 4,671,276 to Reynolds; 
~.766,895 to R•ynolds; and 4.96t,744 ·eo ~ilm•r ee al. 
These document8 do not •uggcac t~e use of multiple layere 
-of dif taring .ma.taria.le in th• ICR.a. 

Th• u•e of soft polym•r• ~s intr~•troma..l 
irurercs ia not videly knovn. For instance, U.S. Patent 
No. S,090,9SS to Simon, eugge•t• an ICR which is ma.de by 

introducing a &attal::lle polymer into an intra.etrOtM..l 
ch~nnel which h.a:a been previously mad• e.nd &llowing th• 
polymer to set. Thie procedure docs not a..llo~ th• 
surgeon co epecity the size ct ch• resulting ring nor 1s 

it a proc••• which ~llow1 concrcl of che flowing polymer 
1otithin the eye. 
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Temirov ll i\.l, ··Refractive circula.r tunnel 

keroplasey in the eorreceion ot high myopi&•, Vestnik 
Ofcalsnologii 1991: 3-21·31, auggeate the uae of collagen 

chread ae ICR ma.teri&l. 
They specifically do not suggeat th• use of 

sett or hydrophilic polymere inaertable into eh~ cornea 

a.e ICRe. 

Swr;M,t:Y Qt the Invention 
Thi& inyention ia & hybrid intra.aerOmAl corneal 

ring comprising &t least on• outer layer of a •oft, lov 
modulus, often hydrophi1ic, physiologically compatible 

polymer. 
The portion of the ICR. inside cha.t outer l~yer 

may be hollow and adapt•d to h~ filla.ble with a biologic 
agant, drUg or.other liquid, earu.lei!ied, or tinw~release 

eye tr•a.tl'.%1ent ma.teri.a.l. The inner portion may compriee 

variously & core of a high modulu•, phy•iologiqally 
compatible polymer or & further compoait• ot a low 
modulus polymar or a high modulua polym.r cor• or a high 

modu.lu.a ·polyuwr or a lo~ modUlW! polymer core. ~e in.--ier 
portion may comprise a polymeric ma.teri~l which is 
polymari~•d i.D. a!cu attar ineroduceion into & hollov 
cent:.•r layer. 

Th• term •h!gh modulua polymer• i• meant to 
include phy•iologically compatible polym4r• 8uch &8 PMMA.; 
TZFLON1 certain longer cha.in ailiconas1 polycarbona.te; 

a.nd polyolefina •uch a• polyethylen~, polypropylena, 
polybutylene,. their mixturee or other polyoletin 
interpolymera. The term •lov mo<:1ult;• poly:n.r• i• meant 
to include phya1ologic&lly ~ompatible polrmers a.nd 
hydrogela, 8UCh a• polyhydrox:yethyl metha.crylat6 (•poly­
HEMA.•) or polyvinylpyrrolidone (•PVP•) or ela•tomeric 

material• a.nd biologic polymers auch as croeslinked 
aextra.n, hyaluronic acid, and heparin or th• like. The 
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low mod.ulua hydra.cable polymers, ~n a.ny case,·ma.y be of 

the type which is sufficiently cr~ss·li~ed such that 
Chey do not swell upon contact with water (and subsequent 

hydra.clan> ·or of the cype which· ewell• Vb.en hydracec1. 

Additiona.lly, the cl&se of low moduiua polym.ere ia maUlt 

to include·el&stomeric polymers, e.g., l&tex rubber, 

colloids of polyester and polyether, polyur•than•s, lower 

molecular weight silicones, isopren•, and. ehe like, which 

are stablQ and physiologically compatible. Finally,. the 

low modulu~ polym~r may ba & reinf orca4 hydrogel such as 

a.n interpenetr&ting network ot polymari%ad vinyl 

pyrrolidon• a~d methyl methacrylat•. 
our ICR.s may be implanted into the stroma. u•ing - -- . 

a number of known techniques. It nydra.ta..ble polymers are 

used, they·m&y be hydrated batore or &~~er introduction 

into th~ intrastroma.l p&s1agewa.y cr•&t•d by the surgic&l 

device ua•d to introduce th•s~ devicee int~ the eye. If 

the oucar lay•r i• hydr&ced before·ineercion into the 

eye, che ·tina.l niza of the ring is set before that - . 

in•e.rtion. If t.h• hydra.table.polymers a.re allowed co 

hydr&te viehin th• corneal spa.ce, the device (if 

&ppropri&te polymer~ are Chosen) \idll swell within tpe 

·eye to its timi.~ size. I! pr•hydr&e•d, eh• ouc•r layer 

of tan provid•• a. m•a.•ur• of l.ubrici.ty to the :ICR._, 

-llcwing it to b• iI1J1ereed vith qre&ter eas~. Other of 

the noted.lov ·modulus polymera ma.y al•o provide auch 

lubricity. 
Thi• invention &llove for adjustment o! ICR. 

thickneaa and diameter and provide• a 1oftar inc•rfac• 

between a harder polynwr cor• a.nd corn•~l ti•sue. 

Bri~t Decs:a-ins;ion ot the prawingc 
Fig"Ure l ia a •chama.tic illuatration ot a 

horizontal eection of the eye. 
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Figure 2 is a ech~t~c illustration of the 
ancerior por~ion of the eye showing the various layer8 of 
che cornea.. 

Figure 3 shows the seep_ of inserting the 
inventive ICR. through a.n incision in che cornea. 

Figure 4 ehovs, in partial croee-section, the • 
anterior portion of an eye with ·ehe hybrid ICR installed. 

Figures SA and.SB ehow, in ~r~es•aection, 
respectiv•ly, an unhydrat•d and A hydrated ring in which 
the hydratable. low modulus polymer i8 placed on only two 
surta.ce.e. 

Figure 6 showe in crosa-eeccion an unhydrated 
hybrid rCR. in vhich the hydratabl•, low modulue polymer 
co::::plet•ly coat• the ring. 

Figure 7 showa ~ multiply coa.ted ICR.. 
Figure e shows, in crosa·aection, IU'.l ICR 

comprising a swell&..ble, low modulu..e polymer. 
Figur•~ 9A and 9B show, in croas-&•ction, &n 

ICR. comprising a fillable sh•ll which ia nonhydrat•d in 
Figure 9A and hydrated and swollen in Figure 9B. The 
Figure 9B ICR contains a fluid. 

Pigur•• 10A and 10B •how a battled •oft ICR. 
Figure 11 ahov1 an end-to-end ICR. connector 

which permits introducc1on.of drugs or~ eetta.ble 
polymer •. 

Deecription ot the Invention 
Prior to expl&ining the d•t~ils of the 

inventive device8, a sh~rt e.xpl&.na.tion of the phyaiology 
o! the eya is needed to appr•ci~te the !unctiona.l 
relationehip of the ICR to the eye. 

Figure l aho~s a horizont&l croa•-eection of 
the eye with the glob• (10) of the eye resembling a 
sphere with an a.nt~rior bulged epherical portion 
representing the corn•a (ll}. 
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Tile globe (101 of the eye con9ists of three 

concentric coverings encloe~ng cbe va.rioua tr&nspa.rene 
media ehrough which the light muac paas betore reaching 
the light•eensicive retina (12). The oucermoat covering· 
is a fibrous protective portion the posterior tive•sixths 
of ~hich is white and opaque and called the eclera (13) , 
a.nd sometimee referred to a.a che white ot the eya \ilhe.re 
visible to the front. The a.nterior one-sixth of thi• 
outer lay•r is the tra.naparenc· come~ (11). · 

A midd~e cov•ring is ma.inly ~aacular and 
nutritive in function and i.s made up of eha choroid, 
cilia.ry body (15), and iris (20). Th• choroid gen•ral~y 
functions to ma.intain the retina. (12}. ThQ ciliary body 
(lS) is involved in suspending the l•ne (17) and 
~cc0tm1od..a.tion of th• lens. The iris (l6) is the mos~ 
anterior por~ion ct the middle covering of the •Y8 and is 
a.rr~ged in a tront~l pla.ne. It i• a. thin circular dis.c 
simila.r in !unction to th• diaphragm of & c&nera, &nd is 
pcrfora.ee near its center by a circul.ar a.p•rt:ure ca.lled 
th& pupil (20}. The aize of th• pupil v-..ries to regulate 
the a.moun·c of light; which rea.ches th• retina ( 12) • It 
cont.races a.1110 to accomnoda.tion, which ee.tve• co sharpen 
the focu11 by diminiahing aph•ric&l. ab•rra.tion. The iri~ 
divides th• Sp&Ce betv•en the cornea (11) and the lena 
(17) into an anterior chamber c~i> and po•t•rior ch.amber. 
The innarmo•t portion of·covcring i• the ·reei~ (12), 
con.iet.ing ot nerve element• which torm th• true 
r•ceptive portion for vicua.l impr•seiona. 

The r•cina. {12) is a·p&rt: of th• brain &rising 
~a an oucgro\lth from the toro-br&in, vi~~ the optic nerve 
(23) s•IVing aa a fiber trace connecting the retina. part 
of th• brain with th~ tore-brain. A layer of rode and 
conee, lying ju&t btn~ath & pigmented epith•lium on ch~ 
anterior·w4ll of th• r6tina •ftrve a• vieual celle or 
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phoeorec~ptors which transform phys~cal energy-{light) 
into nerve impulses. 

The vicreoue body (24) is & cransp~ranc 
gelaeinous ma.es which !ills the posterior four-fifths of 
the globe (10). At its sides it supporte the cilia.ry 
body (1S) &nd the retina {12). A fronta.l saucer-shapod 
depreeeion houaea the lens. 

Th.e lens (17) of the eye is a cra..nsparent bi· 
conv.x body of cryst.a.liine appea.rance pla.ced betve.•n the 
irie (16) a..nd vitreous body (24). Its axia.l diameter 
va.rieg markedly with accoi:r:noda.tion. A ciliary zonule 
{25), con~isting of cran8parent fibers pa.•eing between 
th• cili&ry body (15) and lens (17) eerv•• co hold the 
len• (17)· in position &n~ enables the cilia.ry muscle to 
act on it. 

Referring again to the cornea. {11), this 
outert;tost fibrous transpa.rent coa.cing reee.mbles a w&tch 
gla.ee. Its curvature is somevha.t greater th.&n the re9t 
ot the globe a.nd ia ide&lly sph•rica.l· in na.tui'.. 
However, often·it i• more curved in one meridia.n th.an 
another ~iving rise co amtigm&ciem. A central third of 
th• cornea is called the opcical zone ~1th a slight 
flattening taking pl&ce oucwa.rdl.y thsr9of ae the cornea 
thickens towa.rda its periphery. Moet ot the rcfr&ction 
of th• eye ta.kea pl•ce through ehe cornea. 

Pigure 2 io a more detailed drawing of the 
ant•riQ~ portion of the globe showing the va.riou& l&yers 
of the cornea (11) making up the epithelium (31) . 
Epithelial cells on the surface thereof function to 
ma.intain transparency of the cornea {11) . Th••• 
epithelial calle are rich in glycogen, anxymes and 
~cctylcholine and their activity regulates th• corneal 
corpuscle• a.nc1 control~ the tranaporc of w&ter and 
electrolytes through tho la.m~llae of tha atroma (32) of 
t.he corn•a. ( ll) • 
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An an~arior lim.itinq lamella. (33) , rate.rrad to 

as 8owman'a mmzibrane or layer, is position•d bGtVQen th• 
e.pithalium (3~) and th• stroma (32) ot the cornea. The 
stroma (32) is made up of lam.ellae havinq bands of 

fibril• parall•l to aach other and·croa•inq th• vhole of 
tha cornaa. While· most of the tibrous band& ar• parall•l 
to th• surface, soma arc oblique, especially anteriorly. 
A poaterior linitinq lua.ina (34) is r•terred to aa 

D••~•t'• mambrane. It i• a atronq ae.abran• aha.rply 

de~in•d from th• atrom& (32) and r••i•ta..nt to 
patholoqical procaaa•G ct the cornea. 

Th• endothaliw:i. (35) ia th• moat poster~or 
layer o:f th• cqrn•a and conaiat1 or. a. singl• lo.yer o_f 

ctll•. Th• 11.l:bus ·(l7) is the trllniition zon• batv••n 
thQ conjunctiva and sclera on th• on• hllnd and th• corn•& 
(11) on the other. 

Piqure l •hov• th• compl•tion of th• stap of 
inscrtinq th• hybrid ICR into th.• corn•&l atroma. 
Tac~iqua.. •uoh aa that ahovn in cur cope.ndinq 
application ••ri&l no. 07/867,7,5, ar• •uita.bla for 

. ' 
prepa..rinq the eye and insartinq th• ICR into th• 

appropriataly pr•par•d intarla.mallar stroma.l channel. 
Gencral.iy th• ICR f:• in.stall.ad in tha rollovinq =.anne.r: 
A small radial incision i• mad• at th• corn•ai radius in 
vhich th• ICR i• ultimataly to b6 instaifed a.bOut th• 

co~••~ .A di•••ctor in th•.tor= ct a spl1.t. rinq havinq a 
point suit.a.bl• tor producinq th• intarl&.mallar channel in 
th• corn•al •troJ:t& i• introduc•d into th• •tro~al space 

throuqh th• small in~i•ion. It i• Ul.•n rotated in such a 
faahion th•t a. q•n•r~lly circular eh&nn•l ia tcr111•d 

compl•t•ly e.ncirclinq th• come.a... Th• disaactor i• then 

rot&t•d in th• oppoaita direction to withdraw it from th• 
tunnal or channel thus formad. An ICR ia than introduced 

into 1;h• circular· channel and join•d at it• ends. Hybrid 
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!CRs-ha.ving partially hydrated polymers on cheir outer 
periphel:Y are typically sl~ppery a.nd·conaequently may be 
iner.oducad into the intarl~•llar tunnsl with gra&t eaee. 
!t is usually deairable to (At least partial1y) hydrate 
the hybrid ICR. in that, ocharwiee, ehe ICll during its 
traverse through the tunnel ma.y deaicc&te the pLth and 
begin to ecick to the interior wall of the tunnal. The 
ICR ma.y be lubricated with suitable ocular lubricants 
euch &s hyaluronic acid, methyl•thyl cellulose, daxtran 
solutions, glycerin• solution•, polyeaccha.ri.dee, er 
oligoaacc:h&rid•• upon its introduction to h•lp with th• 
in~er~ion particularly i! one wishae to in&Qrt th• hybrid 
!CR vichoue any hydr&tion. 

Figure 4 showe, in croas-eec~ion, the a.ncerior 
portion ot the eye with tha hybrid ICR. (SO} inGerted. 
Subaequant to the in•ertion. th• ICR ($0) will. •well co 
its fina.l &i%e or thickn~es (53) within the eye. 'nlis 
sWQlling p•rmits ehe incluaion o! l&rgcr ICRtl than. would 
norm5.lly be accomnodated within normal sized intrastrom&.1 
channel!!. 

Figure SA &hows in crc••-eection the hybrid !CR 
ha.ving inner and outer tac•• (54) compri•ing polymer2 
having low modu1i o! elaaticity. Low modulus pol~rs 
are choa• h&ving & mod.ulu• of ala.eticicy below about l.s 
kpai, mor• pref•ra.bly betw•en i p•i a.nd 1 kpai, and most 
preferably, b•tveen l psi and 500 p~i. Thay mu.at be 
phy•iologic:a.lly compatible with the eye. Moat polymeric 
ma.teria.ls uaed in eott contact l•rusea a.re suitable !or 
the oucer layer contemplacad in this invention. In 
addition, th• cla•• includea phy&iologically compatible 
~la.Qtomers such a. poly&.cryla.cee, •ilicon••· iaoprene, and 
the like. Additionally, low modulus polymer• include 
biologic polymara such aa cro••link•d dax.tran. 
cro••linked heparin o~ hyaluronic ~cid. 
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The inner portion or cor~ (56) a8 shown in 
Figure SA is a physiologic&lly comp&tible polymer ha.ving 
a n~gh modulus of elasticity; A high modulus of 
elascicity ia considered to be great•r in va.lu• than 
abouc 3.5 kpsi, preferably 5·12 kpsi, and most pre!era.bly 
8·10 kps~. These polymers &re cypically atitt•r and ma.y 
be materials euch as polymethyl mecha.crylate (PMMAJ, 
TEFLON, longer chain silicone polymers euch aa are used 
in hard contact lensaa. Addition&.lly, suitable polymers 
include polycarbot;at•e; polyolatins auch as polyethylene, 
polypropylene, and polybutylene, thair mixtures a.n~ 
polyoletin interpolymers, block copolymer• a.nd the like. 

The axtent to which the outer layers 8V•ll upon 
hydration is dependent upon th• type of polymer chogen 
a.nd, when the polymer ia'hydrata.bl•, upon the amount of . . . 
Croes-linking found in the outer layers (54), and on the 
thickneee of the layer. Generally speaking, the more 
highly linked the hy~ta.ble polymer, the ~ma.ller che 
amount ot vol um.Ii c:h.a.nga upon hydra.ti.on. Converaely, a 
polymer h&ving only sufficient cro•e·li?lking for ecrength 
in the Qarvice in which this davica is plac•d~ will .havQ 
~ somewhat lover level of· cro••·linking. Al~erna.cively, 

a su.bst.anti&lly nonswellable polym.cr tf)'Stam may be f ormad 
ot & hydrogel physically intarpenacra.ted by another 
polymer whi~h do•e not hy~ata, e.g., polyHBMA. See, 
poly&cylnitrit.e. 

Th• thickness o! the outer layer depends in 
large function upon th• intended ua• of th• ICR.. For 
in•c..nca 1! th• outer layer ie co b• used &e a contain•r 
for an inner volume of a eettable polymer or dnig, th• 
outer layer ma.y be reiatively thicker. It. th• outar 
layar ie uaed to provide a nvellal:lle out•r layer which 
does nee add significantly co the giz• of-th• ICR. or i~ 
usft~ functionally ~s a lUbric.ant layer, the ocher layer 
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may be quite thin ev~n to the point of a layer of minimum 
coverage, perhaps as thin a• a mol•culQ thick. 

Figura 58 shows the· hybrid ICR ot Fiqure SA 
attcr it has b••n completely hydrated and the polymer 
faces (S4) hav• swollen.to their l~rqast •xt•nt. 

Th• inventive davice •hovn in Fiqures SA and SB 
may alao be u•ed in th• instance \lher• a lov modulus 
cov•rinq i• not placad over th• entira outside surtace ot 
the XCR. For in•tanca, to alleviate astiq?:latism, ~n ICR 
havinq a thick portion and a thin portion may ba ~esirad. 
An XCR havinq an inner core o! a hiqh modulu• polymer and 
an outer coverinq ot ·e. swel.labl• polymer miqht be ~hOGQn. 
Th• Gurqeon would remov• a portion ot th• ICR'• Q3Ctcrior 
coatinq or tac• prior to introducinq th• ICR into the 
eya. such an ICR and it• use ara describ•d more fully in 
Serial No. 07/939,492. 

Fiqur• 6 shovs a hybrid I<:a in which the corQ 
(56) is ot hiqh modulus polymeric mat~rial much as 
mention•d above. In thi• variation th• out~ aurtac• is 
compl•taly coatad with a •V•ll&bl• polyi11•r or polymeric 
gel auch &• those diacuaa•d above. Aqain, th• 
compoGition ot outar ccverinq (58) may la of a ~ydratabl• 
polymer system Vhicb is •Uf!ici•ntly cro••-link•d that 
th• polymer do•• not avell appreciably upon hydration. 
Altcarnatively, th• covcrinq.(56) m•y be crcaa-linkad only 
so ~oh a.• to allov substantial •V•llini;r ot th• outer 
covering eith•r be~or• or at~•r insertion into th• eye. 

~igure 7 shows another variation ot the 
inventive hybrid ICR.. In thi• variant of th• inv•ntive 
hybrid ICR, the inner hiqh modulu• cor• (56) i• 
aurroundGd by more than one layer, •p•oi!ically, &n 
intermediate layer (60) and an outer layer (62). Thi5 
hybr~d ICR eay ba appropriat• when th• outer layer (62) 
is di!ticult to bond to th• cor• (~6). An intarmediata 



'\, : 

.. 

·ztc-:-~-

-12-

layeE (60) which bonds boch co the core. (56) and to the 
out•r layar (62) may be used. Ineexmediate layer {60) 
typica~ly would not ba & polymer which.swall• appreciably 
upon hydration leae it split ~ucer layer (62). Outer 
layer {62) may aitber swell upon hydr~tion, aa is ahown 
in Figure 7, or may rmNlin a.t. ~pproximate:ly the ea.me size 
upon.hydration it a. suitably low modulus polymer ayst.ern 
ia choe~n. 

Figure 8 shows an ICR an.a.de ot a. low modulus, 
a... hydratable polyiner such as those discu•sed a.hove. Since 

chese polymer• often lo•e su.bsta.ntial mechanic&l strength 
upon hydration, thes~ ICRs would b• inserted into tha 
intrautroma.l sp&ce prior to being hydrat•d or with the 
au1iscance of a tool eith•.r before or after hydra.t.ion. 

Figur• 9A shov• a.n ICR ma.de ot a. low modulus 
polymer system hydra.table outer coa.t.ing ~66} a.nd an inner 
CAVity {681. Thi• ICR. may be ina•rted into the 
incra•tro~l ~pa.ce crea.t:•d. by th• dissector (a.s de.ecribed / 
above)_ a.s a cevering on a. tool e imila.r . to the dissect.or 
vhich creat•d the intra.corn•al chann•l. once in po8ition 
che insertion tool is ·r~tated out of che ICR le&vins.the 
shell within t.he •troma. 

Alterna.t~vely, the IcR may be inerbduc:•d into 
the intra.stromal chann•l as the.disaactor is fully 
rotatad in place, att&~hed to. thQ l•~ding Qd.ge o~ the 
·di• ee.ctor ,. a.nd pulled. into che int:.ra.eeroma.l c:h&nnel a11 

th• diaaector is roc~ted out ot the ey~. 
Figure 9B shove th• ICR. o! Figure 9A upon 

completion o! the hydration in th&c the out•r covering 
(66) is swollen to ite large.et cxt:.e..nt. Furt:hen\ore, thft 
inne.r cavity (6S) (Figure 9A) may ba filled with a 
biologic, drug or ocher liquid, or biol~gically active 
eye tre&tment material. Th••• devic•e may be ti•d or 
otherwia• connected ~t cheir point of inaertion by·known 
t.ac:hni.qv.e.e. 
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The shell may be injecced with & settable soft 
polymer c~re and allowed co expand.to a desired 
thickness. Suitable injeccable polymer8 are well kzlo\r{Il 
but include polyHEMA hydrogel, croaa-linked coll4gen, 
croee·linked hyaluronic acid, eiloxa.n• gel•, and orga.nic­
ailoxane g•ls such as croee-li.nked methyl vinyl siloxane 
gel•. The inj•ceed polymer ~e~s after injection. 

Figures lOA and lOB shov & va.riation ot the 
inv•ntive XCR. (80} in vhich·a polytneric ring cont&ining a 
number of cha.mb•r~ (82) sep~r4t•d by ba!fle wa.lls (84) 
which may ha.ve an optiona.l hole (66) in the batfle V&ll 
{ 8-4 > • Once th• ·1'.CR is introduced into the eye, it may be 
tilled with a drug or biologic m&terial via injection 
with & suitable syringe through the ICR wall or into th& 
end (68) of tha tu.be. A eetta.ble polymer of the cype 
di!!cus11_•d 'above· may be 1n~roduc•d into th• cham:bera in 
similar !&shion if a ring of variable bulk i• requirad. 
It ie alaa appropriate to include a smaller fill tube 
(90) which ext.ende through the end (88) of th• tub• (80) 
th.rough the holes (96) int.he ba.ftle wa.J.ls (84}. In thi!! 
way drugs, biologic &gent•, or sectabl• polymer& ma.y be 
daliver~d in & spacitic fa•hion throughouc thJ! ring &s 
c.he fill tub• is Yichc1nvn from th• ICR.. 

Figur~ ii abova a connect.or (92} situated 
b• tween the anci.e of an !CR. ( 9 O) .. Th• ICR i• & low 
modulu.a pqlymer having a hollow center. Th• connector 
b.ai a raceiver port (94) BU1tahle for introducing drugs, 
biologics, or sett.able polymare int.o the incerior of th• 
ICR. The connector ha.a a pa.esag.wa.y connecc.iog the 
receiver po~ (94) into th• ICR. int.erior. 

In th• va.riacion of th• invention sp•cif ied 
just. above a.nd •hown in Figures lOA, lOB, a.nd ll, th•· 
wall or out•r covering of th• ICR m.a.y he ~ hydratahl~ low 
modulu• polym•r or ~n el&atom•r. I! an el&stomeric 
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polymer is eclecced, che ICR may b~ injected wich a 
setcable polymer as specified. 

The low modulua polym•rs uaed in this invention 
are o!~en absorbent, particularly if chey are hydrLtable, 
a.nd ma.y be intua•d with a drug or biologic agent vhich 

may be slowly released from the device af tar ilnplancacion 
of the ICR. For instance, the low mod.ulus polymer may be 

loaded with a drug such IU! dexa.methasone co reduce acute 
1n!la.mma.cory raeponae to impla.nting the device. This . . 
drug h~lpa to pre~ent unda8ir&ble ecal;'ring or v&.ecular 
ingrowth toward th• ICR. Similarly, hap&rin, 

corticost•roida, a.ntimitocics, antiintlamnatories, and 
ancia.ngiogeneeis factorK (~uch as nicotine adenine 

~ . 
dinucleotide (NAD+)) ma..y be included to reduce or pr_event 

a.ngiogenesis and in!la.mmation. 
Cl•&rly, there ar• & variety of ocher drugs 

sui~~le for inclusion in the ICR. The choic• will 
depend upon t~e use to which the drugs are put. 

The terms and axpreesiona which ha.ve be~n ua•d 
~n th• dcecription above &re used only &e terms ot 
description and not ot limitation. Th•r• ie no intention 
ot excluding equivalent!! of the !ta.t.uree ehown or .. 
d••cribed. It is recognized th&c one having ordinary 
skill 1~ chi• &rt would perceive equivalence to the 
inventions claimed below, which aquiV&l.ence would be 
within the spirit ot the invention ~s exprec•ad above. 
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Claims: 

1. A split polymeric ring for treating astigmatism, said ring being adapted for 

introduction into the cornea of an eye to effect refractive correction, wherein said ring has 

a region of comparatively larger dimension than regions adjacent thereto. 

2. The ring of claim 1 wherein said ring comprises an inner portion of a high 

modulus polymer and an outer covering of a swellable polymer, wherein said region of 

larger dimension results from expansion of swellable polymer portions on said ring. 

3. The ring of claim 2 wherein said swellable polymer is selected from the group 

consisting of polyhydroxyethylmethylacrylate and polyvinylpyrrolidone. 

4. The ring of claim 2 wherein said inner portion includes a cavity fillable to provide 

said large dimension. 

5. The ring of claim 1 wherein said ring includes two ends. multiple fillable 

chambers and baffle walls, said baffle walls separating said chambers. 

6. The ring of claim 5 wherein said each of said baffle walls includes a hole. 

7. The ring of claim 5 in combination with a connector member for joining said ends 

of the ring. 

8. The ring of claim 7 wherein said connector member includes a receiving port. 


