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. This invention is a surgical methoed and device
for insexting a biocompatible material into an
intrastromal passageway to pPermanently alter corneal
curvature. The device and method allow for the plaeeme t
o? the material in the optimal position for maximal i
visual correction.
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Anomalies in the overall shape of the eye can.

cause visual.disorders. Hyperopia ("farsightedness")
occurs when the front-to-back digtance in the eyeball is
too small. 1In such a case, parallel rays originating
greéter than 20 feet from the eye focus behind the
retina. 1In contrast, when the front-to-back distance of
the eyeball is too large, myopia ("nearsightedness")
Occurs and the focus of parallel rays entering the eye
occurs in from of the retina. Astigmatism is a condition
wh;ch occurs when the parallel rays of light do not come
to a single point within the eye, but rather have a
variable focus due to the fact that the cornea is
aspherical and refracts light in a different meridian at
different distances. Some degree of astigmatism is
normal, but where it is too high, it must often be
corrected,

Hyperopia, myopia, and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods
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-2 for the correction of such disorders are known. Such nethods ' i ncl ude

radi g/ keratotomy (see e.g., U S. Patents. No.s. 4,815 3 and 4,688, 570
and | aser corneal ablation (see, e.g., US. Patent Nol THISOSHE B ]
- *Anot her nmethod for correcting those disorders is thrqugh imbmgg I '?‘P’ f

. polyneric rings in the eye's corneal stroma to-change the curvattre—e&dt he

"~ cornea. Previous work involving the inplantation of
+ pol ynet hyl net hacryl ate (P*1A) rings, “2allograft corneal 10 tissue, and

hydrogels is well docunmented. One of the devices involves a ring design
that allows afspl ther c8grebfiBg LPSELLed. i Nto, a channel dissected in the
 SEo8 FHI8T3R % Axs kaommci sisarh t hr ough

st ronal Iaye&egﬁoghe.coinga using a
whi ch the channél “ror *BReUEapFagial skeratitmhyenbekS . i, ough sWhipgh, ‘éhe

i mpl ant is. iN@eﬁteﬁl.BJ.JSSAG:Paamtq,ma,égfbﬁZ,ag%S lggeRegnol ds desan § a
net hod and appeedf us.d or ?%ne@al S \‘ﬁ)ts‘ure adj ust ReRt SOTRRAL \@Phationvol ves.
insertingsgone and of a split ancf_ adj ti4n@4|1i'|963i>nto the cornea of the eye
and. noving the 20 rind\1FReximankicsr fioat kowretihgScRIS dEEL qdPe ends
are thereaft e¥s sthusughd imgd lairited: iton %%Cgoqwﬁhgnt %xli the shape of the eye
has assuned adtefda1edGidmad el e V\,hereﬂpon the én %?e“?i&%%ﬂ%/l’%ftq ached to
mai ntain the . desired curvature BR9EhEREoFHEYat REE R Wipe| comidon No.

PCT/ US93/ 032 FF SV qU& WpTkp dnvolgdsgdenar Liphaft 40L& a¢ Vacuum cent ering -
gui de and dipssovtethyllaethaerydatls ' [ntr ronmal corneal ring (""
ICR) , the dQ\g_isgqei'saHgdﬁ- ?%rzg of _?Eiuggg ?f{a]?ﬁ'-c%ﬁ'ﬁ%:c%f\ﬁéduum
centering guide. a'barrel YPREES38 18¥eld 1dpeumentddineoneois afhet he

centering guf8¥15R8 iBVoWMEEhAi singtdesibsh thread NG jaorsgg_g_rép%gggt, a
r—d i bed

circular di $eebei hgsext@d TReot {r opents are furth :
bel ow. The vagyum genteLi g% lgu?dg Easﬁgﬁs)u%fosﬁc% tRatheagstaropadxi mal end,
et .Y iQ/éﬂﬂ-nﬂimﬁdl}?inviebve?iﬁéigion. .

a distal end ggd a center

C U Pri n;[_sTi nfh oygh which 7tk chanted FdEEHY \ImPEENE is created ang
rough which the implant is inserted.
U.S. Patent No. 4,452,235 to Reynolds describes
a method and apparatus for corneal curvature adjustment
The methed invelves inserting one end of é split end '
| aéjusting ring into the cornea of the eye and moving the
20 - ring in a circular path until its ends mee:.'-The ends
are thereafter adjusted relative to each other until th
shape of the eye hasg agssumed a desired éurvature )
whereupon the ends are fixedly attached to maintain thae
desired curvature of the cornea.
25 - PCT Application No. PCT/US93/03214 filed
7 April 1993 describes a corneal vacuum Centering guide
and dissector for use in inserting an intrastromal
corneal ring ("ICR"). The device is made of up of three
major components: a vacuum centering guide, a barrel that
30 fits wighin the inner bore of the centering éuide and ¢t
:?ich i: attached the third major component, a circular°
ssecting ring.
describedg£31:3. The three components are further
" chat s aT;:O::;uum centering guide has a support basge
al end, a distal end and a center
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"REPLACED - 3- section. The center section has a wall wth a generally
cylindrical bore with a central axis. The central seqt bet ween
the proximal and distal ends of the support base. Th PWFﬁﬂﬁﬁhﬂﬂS&Eme has
‘aratio of 5 length to diameter of between about O0..2%-1.anREABRCED An

~+annul ar vacuum chanber |ocated at the proximal end of the support base is
adapted to create an annul ar vacuum space when pl aced agai nst the eye. The

barrel and di ssector blade assenmbly 7S used 10 in connection with the
vacuum centering guide in order to produce the circular interlanellar
pat hway withi 8echéonor nEhé SdHtER. gets 2 fi i thin the inner bore of
At T i L or b et
through the i fRETMesxeandshaswaen hhes proxanaloduai agstbe dRsk’ g¢ channel
channel hgs. b;';?;fé}m% r%“.t @?ﬁ%"?&‘@fgﬁfﬁﬁéﬁ*@s%ﬁégﬁépﬁﬁso% “Fhelpaehuay since
t he di ssector_bl alrﬂeﬁten Sqoq8 Ofe BEWECROABPURAP - 28 hRinamd . 18\: Dew @t hod
for produci MR &3auwmachenbemelocatddsst i Pgsl a1 %Hmfyr;%; 25
The present isupptxntobaeO\tigd ap.li d__nmet hod and device

f e isd8abhanto EPLEYE can Anay |YaguWh ARAde t he

produci ng a ' nel_,or t hway 1 _
i %ga%r;%géﬁtai"ﬁﬁtagg?o%ﬁﬁpati ble material to pernanently

corneal stronma r Th
al ter corneal curvatur@he3darnebnends@siectdie BIRENt] AL Lhod, f or
- making 40chatnekonneeetBfakithSEHE [Roldf dLIALS e W otibar b o
mat eri al int%gF GegoLpgal;  stionm, of~an eye 8T R Sde ivolordex ap
cutting a s rncrSPofitT AP R Y hentety Fang 1lan @athway) winddnt iha a 35
clockwi se or PEBRBEr SEFOTAW SThaliswens D S AdA bibAk0 thl® inher bor&oed Vo
Time. 23, Febhe7edftering: guidd!! Mneldfedie it il %s atrached ta
the barrel in such a way that when an eye surxgeon twists
b the barrel, the ring moves through the interlamellar
space in the stroma producing the desired channel or
pathway. '
‘ A drawback to prior methods to produce an
intyastromal channel has been the inability to control
20 the depth of the pathway since the dissector Elade tended
to create a nonplanar channel. A new methed for

producing a more planar channel is described herein.

_ [ummary of the Ipvention

25 The present invention provides for an improved
method and device for producihg a8 desired channel or
pathway in the interlamellarx space in the corneal stroma
for inserting a biocompatible material to permanently
alter corneal curvature. '

30 . In ona aspect, the invention is a ﬁechod for
making a channel in corneal tigssue to facilitate
inserting a biocompatible material into the corneal
stroma of an eye. The method involves (a) cutting a
small incision inte the corneal stroma; (b) inserting a

35 clockwise or counter-clockwise dissector blade into the
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"1 THIS SHEET HAS BEEN REPLACED -4 incision and rotating. it clockw se or’

count.er-cl ockwi se to produce. a clockw se or counter-c =
{(c) inserting the other of the clockw se or counter- clpckw gééé%EN
st ckwijse

. *blades into the incision and rotating 5 it clockw se.
to produce a cl ockw se or counter-clockw se channel; and optionally (d)

inserting a clockw se probe into the clockwi se channel and a

countercl ockwi se probe into the counterclockw se channel to see if the
channel s neet. -10 Another variation 6f the invention invol ves rotating one
or nore of the counter-clockw se or clockw se blades so to produce

e s ! Rkt ame e by LD 1 QLSS SR

1800. This vard atl.on. .al so i.ncl ugés
‘semicircul ar %da?n%e d;ucﬁ & \ﬁd“’&#%’gﬁét 8T Aeuntenr glsiakvalse Ehiamnear;mt s

pl acenent of i%R)r dfsegirdingc sheecakherngs e dRidMudlse’ ioQg?:o@Et her
nts and a sg cifically

def i nod lsocal om0, a " he 0k PSSR T M 153 seRRnABHS rabat ingl ht

defi ned gocagkogﬁbcgoiln the varra -
bi oconpat i'bl e “material T§ PRsEPRBEes reloakwice/¢o pvbducthe ehasRglsedo not
meet. the netﬁgdcgunthg-clncbﬂié@ncﬁaﬂﬂdl%rahHVQFE?% Qf% deternini ng which
of the clockuseinbeeeUnfes CLGIUSE, channel s I's (he gm@mr' ovi g the
overlaying thghgageﬁ tips_and o servwﬁufﬁﬂmg BFBbE§?_€19°* ing the
~probes; (g) insertrng®@® I TR eeclnckwige: probeotkubsehehannel connect or
into the |Omg@u@ﬁgﬁgb¢ckn¢nguhhqnn31‘Wﬁﬁb@@riEhEhéogﬁﬁﬁégf?n6| s Lhe
cl ockwi se0or counter- CAM%%??Q]@H%' aEd gOtgxl e L ok se or
counterclockW@§€ QE until the dissector oFstBBseRV@Rtien pinwadwem ough into
the upper chahn ) ORh)OF ARFA 95 the dpusterocldwkwieildng it in the
oppOS|Fe d|rQ&Q¢kﬁisefblddﬁdom@akbhbﬁﬁgbchn&ﬁbﬁﬁﬁﬁé”“ﬁﬁéﬁﬂy%“kgt
meet; e.g., by rotating the dissectors by less than 180°,
This variation also includes beginning the two or more
1s semicircular channels at two discrete incision péints
. This permits placement of intrastromal cozneal rings or
.pa;;;al rings or other biocompatible material in less
‘than 360° increments and at specifically defined
locations. -
20 In the variation in which the channele meet,
thg biocompatible material is inéerted into the eye
When the channels do not meet, the method of the
invention further involves (e) determining which of the
clockwise or counterclockwise channels is the lower
25 channel by overlaying the pProbe tips and observing the
probes; (f) removing the probes; (g) inserting a
clockwise or counter-clockwise channel connector into the
lower channel depending on whether the lower channel is
the clockwise or counter- clockwise channel and rotating
30 it clocgwise Or counterclockwise or until the dissector
is observed to break through into the upper channel; and
(h) removing the dissector by rotating it in the oppesite
direction. If the breakthrough into the upper channel
has occurred, the biocompatible material is inserted into
35 the eye. ‘
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.*however, the ' channels still do not nmeet and such is ir eREPLAGEDMEt hol

~of the invention further involves: (|)S inserting a clockw se or

count er-cl ockwi se finish channel coma,” nor into the | ower channel

* depending 5 on whether the. |ower channel is the clockw se or counter-

cl ockwi se channel and rot®f, Hypwdved, o0tk &a@hemowatﬁﬁ_cggcg& SQa it ] ldat he
tes

around to the ores ‘i‘“ff"""énd”'é“ "’%a‘“rgglno?f’ﬁégcﬁ VERELQR tHERRRT 10
connect or by roﬁé{l ng Jst enig éﬁgt@ Fosrkwéae FHecowR bRDAERd W iBe

material is thexﬂ'rh?ébr"cbé’d"i‘ﬁ{ GOtIhGCe?ye inkp ahet heweasPefinel Neeg é}ﬁﬁ_f}{d on
is a kit usef ulorf gheitinzer tiheg 1me|z-nhh@§hgq)rr§g hﬁqrge‘%‘ ié‘@ or in er

bi oconpati bl e FALRKXA e.carneal stro
conprises: ‘(a) a c:ky(')\%lﬁvein 'chp. |ﬂstsi af’ "°gf‘5}nﬁ tou‘ﬁ%%?k‘ﬁ#ﬁiﬁ:m se d| ssector

(c) a cl ockw s§°“8ﬁ&ﬁ'ﬁép‘-éyﬁﬁéctmtil(ﬂyeachmmébs 6 O ko sﬁughart@,gl
connect or; (e) fdndBhcknugaet.i ebﬁhe«.ﬁi‘ nghg @B?-R?CL Oé%taq If\iﬁ"s“‘é’dpFGb 4
e;. an

counter-clock h, | con tor
ﬂéer\-% g EhEk 18@%99% Rg §n 3h)e %‘EM-@@Q qﬂi%‘)mlélilsh yhanhda.avvl ng

(h) a cou
- showing t hoFPEBﬁF&Pr g EcFPbat biyg ait edm. £l c&b;giﬁﬁ.eZ ;io%i%;_%aw RgeShow ng
- the horizont albisectpavibie thecepi £l i o ﬂ}fh’:{'ﬁﬂz =1 & % ure 3is a
| ACt a1 or e ker € :

front perspective view s t he radi
rel ationship to the eye u??%gh TEATRAF T e ipventdoni de wi kwtshovm ng the

i nci sion bl adéSeEuk ngéxsaerst:mglai‘e inmamsma‘lg d&ﬁeQQPrgﬁHgSr

other biocompauible ‘material into the corneal stroma of

15 - an eye. The kit compriges: (a) a clockwise dissector;
(b) a counter-clockwise dzssectcr, (c) a clockwise |
channel connector; (d) a counter- -Clockwise channel
-connector; (e) a clockwise finish- channel connector, (£)

_ a counter-clockwise finish channel connector; (g) a

20 clockwise probe; and {h) a ecounter- cJocka.se probe. o

e i n Yraw
Figure 1 ig a'dréwing-éhowing the horizontal
section of an eye.
25 - Flgure 2 is a drawing showing the horizontal
section of the anterior poreion of an eye. -
Figure 3 is a front perspective view shcwlng
the radial incision marker and its relatlonship to the
eye during use.

30 , Flgure 4 is a gide view showing the incision
blade.

~>

Figure 5 is a side view showing the gap gauge.
Figure 6 is a front perspective view showing

the application of vacuum to the c;rcumccrneal vacuum
35 ring.



"Figure 67i% é?&ﬁbnt p@ﬁ&déétdve V|emmbﬁbmﬂh@52 théwapﬁﬁwt@ﬁﬂon of- vacuun1to
the circuncorneal vacuum 35 ring. Ot:8 lad '8Z auttZ }miad Q1 .8 '9a~ 'EZ

awi | pantaaag r TH S SHEET HAS BEEN REPLACED -6 Fi gurjeTHISi s-lsg-rfm' -
. ‘perspective view showing the insertion of a counter-clgckw S®EPL&SgFt O

bl ade into the corneal stroma. Figure 8 is a front perspectiveé vrew
showing 5 the insertion of a cl ockw se-di ssector blade into the corneal

~ stroma. Figure 9A shows a top viem/and Figure 9B shows a side view of the

i nsertion of clockw se aﬁﬁ counge% ckwi se probes. 10 Figure 10 is a
front perspective view sh8®A g ?n PRt PREIPRGHlvecigY tdhwwing

intrastromal chdithémnsertignr ef1a Acountesiclpakwlsadl fiditcr biRdes i‘?xf ottom
e

vi ew showi ng t lehev zorneaguisgeom&i gure 12A is a side view and Fi gur Bis

~a 15 bOttOﬁ]VIEM/ShOMAn radi al _incision nmarker. Figufe 13A and C are
- side views gand Fi QGFE g ékﬁ T RATRP ST Vieo (ks sficwdra se

gyre I'S_a t%f
di ssector. ~ Figlre T§EFF§°% e Qﬁﬁﬂ#ﬂﬁnﬁ#&sanagx biladee into the

count er - cl ockwcoengpdsettroma. 20 Figure 14A is a side view and Figure 14B is
ure 15A is a side view and

a top view showi ng t he é\;,[@_{\n Sec
Figure 153 is §+em15homnng thé %F@b?%ﬁ e 8pfoBdgUFRgdBeshoRs| s a

tto
si de vi ew and | g& |%f &h ez&’tﬂﬂntémwoéméhokmmget hadcesaheearc! ockw se

pr obe. F|gure §¥¢kalaespxhhea(aN and-Figure 17Bis a top view show ng the
a side view and Figure 188 is a

cl ockwi sezghannel conne Rigyre .1
“top V|em12ﬁomn§g t he coﬁ%@%?-clocé“nseQSRQEnBFrEBﬁﬁEEYBrVieSOE ying 19A is
a side view ant"®i YRAFUIRR iof £he ICR in the intrastromal channel.
Flgure 11A is a side view and Figure 11B is a
bottom view showing the vacuum guide.
S Figure 12A is a side view and Figure 12B is a
15 bottom yiew showing the radial incision markér |
Flgure 13A and C are side views and Figure 13B
is a top view showing the counter-clockwise dissector:’
- Figure 13D is a side- ctosa section view of the
counter-clockwise disgector. '
20 . Figure 14A is a side view and Flgure 14B 15 a -
top view showing the clockwise dissector.
Figure 15A is a side view and Figure 15SB is a
bottom view showing the clockwise probe.
| Figure 1€A is a side view and Figure 16B is a
25 bottom view showing the counter-clockwise probe. "
Figure 17A is a eide view and Figure 178 15 a
top view showing the clockwisge channel connector.
) Figure 18A iz a side view and Figure 18B is a
- top view showing the counter-clockwise channel connector.
30 Figure 19A is a side view and Figure 19B is a
bottom view showing the clockwise finish channel
connector. '

Figure 20A is a side view and Figure 20B is a
bottom view showing the counter-clockwise finish channel
35, connector. ' |
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a side view and Figure 20B'is a bot t om , .
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- Dgsc}ibiionIBf'the | nvention Prior to expl aining tha datgita ahﬂmQ@ED~” .
" inventive nethod and devices, a sho;;7pxplan?tlora?rohgﬁipSOPn¥;gua;3{C;_
' ' ' he functional re _
* the eye is needed to appreciate ti _ e e i R Ry Febe
e. Figure 1- show a horizontal section o y i
52 gpetﬁgeeye'rgsenbling a sphere with an anterior bul ged spherical

' skascnipt hon COF NGR 1 41ohhe gl obe 11 of the eye consists of:
P e conptn Sl ng ol va?ious transparent nedia
]

v ; Q e va . arent ta.
Eﬂ:gﬁghcagicgﬂtilhg IC?VE{IIEW%%%}%SS FéNFehthi Adtaihe e&rtheive retina 18. :

} - - i 1 - . . . . Or .
t EOURTIE iR hors achAsudcpsot acshor: @eslamutidheoPasierion
1-‘rih\e/e?git i: nr%DsofPh}\a/ﬁﬁ%bg;s othithe agd -angged@@dt&aggﬁdeé{&%qhe a 13, and

: ' he f t.
somet | s of st 4en e RSB o ENEnSYE TS TG0 the Tron

he anterior. one-sixth, of this “outer !g_ o . ey i
;oeA mi ddl e covering i s WA} FHSEuRahoBiRPNYRL riedtden R wh’ﬁt 'ehioér glng Ilz
~conprised of Mgk gdob4, 11coki eny Wyréﬁ%é@%ﬁfeg Ig‘,séérrefgbg'&&hl@n is ¢
Vol ved i Sqapend ey Bgep Beflyh Mad SUA Gl petcsent 156’ the FowseaTne

: i pendi n : . : : .
':P¥§|X$d%§ntﬁgéﬁnst agterior portion of the m ddle covering of the eye and

is arranged in a frontZhepgaoke i1 dﬁ'&héjéfé-gbh%g%ﬁ%tgksgg%?é;ezsogdlng
to the di aphr agfreat2icafBE@ry léﬁéﬁﬁgﬂﬁgr%%% vggious transparent
circular aperﬁgéfacékéggg hghfzhlthe light must pass before reaching
the sensitive retina 18. The outermest covering is g”
15 . fibrous protective portien, the posterior five-sixchg of
which is white and opaque and called the sclera 13, and
sometimes referred to as.the white of éhe eye where

visible to the front. The anterior one-sixth of this

outer layer is the trans?arent cornea 12.

20 ' . A middle covering is mainly vascular and !
mutritive in function and ie comprised of the choreid 14,
ciliary body 16 and iris 17, The'choroid 14 generally
functions to maintain the retina 18. The ciliary body 16
is inveolved in suspending the lens 21 and accommodation

25 of the lens. The iris 17 is the most anterior portion of
the middle covering of the eye and is arranged in a ‘
frontal plane. It ig a thin circular disc corresponding
to the diaphragm of a camera, and is perforated near its

) center by a circular aperture called the pupil 19. The

30 size of the pupil varies to regulate the amount of light
that reaches the retina 18. It contracts also to
accommodation, which serves to sharpen the focug by
diminishing spherical aberzration. The iris 17 divides

. the space betwean the cornea 12 and the lens 21 inte an

35  anterior chamber 22 and posterisr chamber 23. The



30 size(ofg they popi Maqiﬁslyb“réﬁurQUeétheg@@Duntm@ﬁ-MMthg‘ihat'reaéheélVFw-
the retina 18. It contracts also to accommodation, which serves to sharpen .

the foecus by dimnishing spherical aberration. The irispri—di~Hdes _the
‘space between the cornea 12 and the lens 21 into an 3S apt'&#§ SHEEhHA®SEER D

- and posterior chanber 23. The 8 ga~ '8Z quill }uiad. ... REPLACED . 01
- 'gag z au:l Panta3ag.L TH S SHEET HAS BEEN REPLACED -8 innernost portion
< of cowering is the retina 18, consisti®ig of nerve el ements which formthe
true receptive portion for visual ‘inpressions. The retina 18 is a part .of

the brain arisi¥mnesnose pomiicgr @& koleeihyhe,f - ' ith the optic
O& & gstﬁégrgéfié?' 4 of the brain

nerve 24 servVidkhs¥sdy d LAt gaonnectin

with the fore-hrain. A Idézg nt(‘)s.f"%’r%o&s °5ﬁﬁgscﬁﬂ%§§ formEhaudiruseneat h a

pi gnent ed epi t A1 UMOF FPF tigm EpForienal thptémsimis.na Serve as visual

cell's” or' .10 photorecepies rekiial Lsapst orpapVst Gile CAaL &%¥a%Iigh%£ into
Gerat PRdEdngnas

nerve i npulsses anT k@& t@riciesu d 6¢l franspar ent
' e grtaaf %F?h“é&é‘?%ﬁfé"gl the mpticsnerwes2itt

which fillls th rior f - _
supports the c? ?gi SbBByalgggﬁ?aﬁﬂﬂQﬁmﬁqnndatinQB:hé reeahal paaucgE- shaped

»

depressi on” hotibesbraén| wish The f@igLﬁyaﬂH_tQ@laégrigﬁargﬁsnggarent bi -
en e " ITi 7 and

convex body of cehgst ahii | aced bet S
" vitreous body %gtegis.gx?§£ %%aﬁégg%ﬁvgﬁ_ Fentek erifhal tumaon obhedat i on
"Aciliary, zonuTe -27°% ¥3hsiQd ithe oretingn seaventsf vheual pesbigdepet ween the
“ciliary bblly. IBhererecenteis serds drank®odn BRykes] 2dni s p%i on and. -
enabl es the:ciiﬁasynégﬁgﬂfhgdiégg_(N]it. Ref erfi ng again % R nea 12,
this 25 out er nost fibrogﬁltrggfparent. coating resenbles a watch gl ass.
lts curvature is sonewhat Yrear&OuEhPedyhasr ésta ciandwawdrmbe and is

i dealj! y S?Ee_-r iFRat nons mams wiHdwey 11167 £BE pbeat S {BY %k Y
neri di an anthe globe 11. At its sgides it supports the ciliary bedy
15 16 and the retina 18. A fro ' | |
. ntal saucer-ghaped de i
houses the lens. i pressten.

S ?hg lens 21 of the eye is a transparent bi-
. co?vex body of crystalline-appearanéé placed between the
__;;zs 17 and vitreous body 26. 7Its axial diameter varies

20. markedly with accommodation. A 'ciliary zonule 27 N
consisting of transparént fibers passing between ;he
ciliary body 16 and lens 21 Serves to hold the lens 21 in
position and enables the ¢iliéry muscle to act on it, |

Referring again to the cornea 12, this
25 outermost fibrous transparent coating resembles a watch
glass. 1Its curvature is somewhat greater than the rest
of the globe and is'idqallyfspherical in nature.
3owever, often it is more curved in one meridian than
. another giving rise to astigmatism. A central third of
30 | the cornea is called the optical zene with'a'eiight
flattening taking place outwardly thereof as the cornea
thickens towards.its periﬁhery. Most of the refraction
of the eye takes place through the cornea.
s o tn Referring to Figure 2, a more detailed drawing
e anterior portion of the globe, shows the various



* anot her 69t i 'qlgg:lg'gse,taan';@atuig g{ﬁﬁé‘ﬁ‘“?ﬁ[cgen'qsplggthi‘r‘dugfp-ﬁ(paialge cor hea—~g* - ——

cal led the optical zone with asligh t flattening taking place outwardl y
ef—the

* thereof as the cornea thickens towards its periphery. ¥

‘refraction of the eye takes place through the cornea. .IR@éﬁﬂﬁ*f@' HA® BEgwr]e
2, anore detailed drawing 35 of the anterior portion AD, sho
the various ..,::..:. ... TH S SHEET HAS BEEN REPLACED -9 layers o

° cornea 12, the outernost |ayer being tHe  epithelium 31, Epithelial cells

on the Surface function to maintain transparency of the cornea 12. These
epithelial cellkaysms roffhthe) cHriea08h, ypes..and : cetyl chol i ne and =
theiractivity réﬁkﬂﬁﬂ‘¥§&'¥i corn Qhﬁ‘ggﬁgésc égggﬁﬁgcgﬂY?%lEeipgetpgansport
of water and q%ectnlly,es fhr@ﬁgﬁ héafafeligeonothe heutfacentdacofothe
cornea 12. An ant &14%8¥-2in grangyarenicpac83thectornesd i®. asyndfe BowmaN's
menbrane or | aydtithed ipdsiceilasedzberyerni 4 g1 -ERL4el ium 31 and. the stroma
32 of the corneetN@ho3th@MBL32:{ 85 SOID! | 25 df"é‘?éé‘f‘]hn%#‘f’g“%\ﬁ% bands of
fibrils parallgl %0 iach other and trosstWtY neediikenithhecormmakca.
Wil e nost of tgepyf’ﬁhSHsaBénagma%‘@l@at:@|zeranapaa td® weyd@Ghq Some are.
ohl i que, especPaPrF§rahyeesorhyoudh oSt R dd dd 19g | AP Na Is referred
to as Descenet cernggnpgane. 1t 18 a strong menbrane’s aE'r"pI°§/“dd§f% R eom. ,
the stroma 32 and resistant_to pathol ogi cal - processes of the.cornea. 20

“The endot Fgl ium 36 is t st e drifg ing/ dramigla B3¢ cereeded@oC@Rsi SIS
of a singfe | afeVmeR’ @anembrarhend iluyer, 3% iposlie ohbANBeki,Q z%gx% bet ween
the conjuncti&piOfeBdn SO &l @eﬁ}%&%oﬁ'&g#re Jf) g‘n the one™fa and the .,
cornea 12 on tfe.gther, 25 The Nethod 6f.: cfeSfnFef Fgknea. The

_ © comprised of lamella having bands of fibrils
parallel to each other and crossing the whole of the
cornea. While moat”oflthe fibrous bands are Parallel teo

18 the surfgce, sone gre'oblique, esgpecially anteriorlyﬁ' A
- pPosterior limiting lamina 34 is referred to as Descemet’s
membrane. It is a gtrong membrane sharply defined from '
thg stroma 32 and resistant'to pathological pfocessés-of o
the corrnea. ‘ | |

20 _ - The endothelium 36 iz the most posterior layer
of.the cornea and consists of a single layer of cells
The limbus 37 is the tgansition zone between the -
conjunctiva 38 and sclers 13 (éee Figure 1) on the éné
hand and the cornea 12 on the other.

The Method of the Invention
. .Figurea 3-9 show the method for inserting a

?1o¢ompatible material into the corneal stroma. 1In this

case the biocompatible material is an intrastromal '

30 corneal_ring (ICR). oOther forms of biocompatible
materials may be inserted into the corneal stroma
including bgt not limited to relatively atife (hi;h
modulus of elasticity) physiolegically écceptable

 polymers sgch as polymethylmethacrylate-(PMMA), TEFLON,
35 fluorinated ethylene Propylene (FEP), polycarbonaté, ’

25



"Figures 63-9 $hovwzt he metlhod fior i nserdlihgiad BT oconmpatishl ®egaterial” mto .-
the corneal stroma. In this case the bioconpatible material is an

ihtrastromal- 30 corneal ring (ICR). Qher forns of bioconpatstEeT '

- “mMay be inserted into the corneal stroma, including but qot |i§@gEAL OBEEN
~relatively stiff (high nodulus of etasticity) physiologicC e
pol ynmers such as pol ynet hyl net hacryl atgo{ PMMA), TEFLON,' 35 fl uorinated
* et hyl ene propyl ene (FEP), polycarbonate, .. -. x. _...- TH' S SHEET HAS BEEN

REPLACED - 10- . epoxj.es, or polyolefins such as pol yet hyl ene,
pol ypropyl ene, utylene, an el &=pol yners. By
| | ?%@IPCP'F&%' SKiBRei PT Rokvoteting euak I B
_thigh nodul us ? Qﬂx#ngﬁfgohxprnpuhenemmbbiyhnﬁyﬂéﬁé.tE%@ YL 3.5 Kpsi.
5 Many of thesenigiumes st @ iteepdlyietbe aéyt"frﬂg@aemo%i?ﬁmp” ately used in
- hard contact | eI iAt POl Rhan ECQ %s UVAY |$%§ca Pﬁ S tabl e for
~introductign i@%@l the %%gy nai usef urot ht 358 Te i8R0 RoPNKES 3i Bvspeion.
Many of thé |isted §ol ySFS BPAYRAB&MAX® Arowiinache astl@ohped cont act
| enses. For in$PR¥EPTrimrmelsx hasdaih oRdgrd hicHtQeE | thahgp! 8d cay pusage
Rk EQHQQ . §giymer
and consequent Whiich 1@8Ubh9sd83hL Yuirliie Dok $5e LASET LS |
A 1 onal 3. i B QeoRRet L5 e it ¥ g orofAreotnasi ol smvos,
e.g., those haying a fodtyudEefulsine the iinseytsebbwthbsuindesc kpgj, nore
preferably bet¥8B¥ of pae aheicad (gl yme 2@ dr80RhoPh oL 60! Ju DEAYEE L PS!
‘and 500 pei, hhrdhcaﬁea@EY§éﬂ%é¥N‘“?nyihgggﬁat'b G £1, Thic Ve *Rost
pol yneric nmat eﬁig{grgSﬁE (i"n]_hslgaft cj10nt act I enses AT A RE t he
bi oconpat i bl e n&f ef | al ~of SRR RALRP Lagieadi yragThend | comeequntdes .is
physi ol ogi cal I?“’em$bﬁblealmgmr_inaaﬁeﬁécfhﬁﬂféj | nked pol yneri ¢ gel s
.as pol yhydroxyet hyl met hagq! adg 1050! ¥i b o éih#%” nylpyrrogagghe
(PVP), pol yet hylene oxi de, ar péll éc¥§}ﬁ§§/§é?°'b¥ﬁ ety e
'derivati¥E§, X 2dt ug polymers, e.g., those having a modulus of
elasticity below about 3.5 kpsi, more preferably between
1l psi and 1 kpsi, and most preferably between 1 psi and
.soo psi( which are physiologically'COmpa;ible with the
eye. Most polymeric materials used in soft contaect
. lenges.are suit;ble as the biocompatible matarial 6f this
© invention. . The class includes physiologically compatible
elastomers and such crosslinked polymeric gels as '
po1yhydroxyethy1methac:ylate (?oly-HEMA) or
polyvinylpyrrolidone (PVP), polyethylene oxide, or
polyacrylates, polyacrylic acid and its derivatives,
25 their copolymers and interpolymers, and the like as -well
as biologic pelymers such as croaeslinked dextran, .
crosslinked heparin, or hyaluronic acid.
| In many instanceg, the biocompatible material
may be hybrid, that is to eay, it is made up of a number
30 of polymeric laye;s typically with a soft or hydratable
- polymer on its outer surface. Thege hybrid materials may
be partially_hydrated'or fully hydrated hydrephilic
polymers that are typically slippery and consequently may
contribute.to_the ease with which the insert may be
35 introduced into the interlamellar tunnel. Suitable
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" 25 théimgc@qungrs'aad”jmn@qﬁbryperSgp@nqdghg*rrke%ﬁ§pm?bth?shsgftfgniC .
pol ymers such as crosslinked dextran,..crossllnkgd epar 0 2 .
pCié ‘I'n many instances, the bioconpatible material nay |bEHI ﬁh@glﬂdg_tE A
Q?o nﬁy it is made up of a nunber 30 of po}gggrlghgggeaybﬁyglﬁi?ﬁ¥Fg:a e

e olymer on its outer sur . Th y
ng;a?{igrﬂ;ahsglgtgd gr fully hydrated hydrophilic poIKnerZSéha;tﬁrahiCh
typically slippery and consequently na?l"pontrlbuﬁflto Euﬁngl oth wh
the insert may be 35 introduced into the interlan€llar :

TH S SHEET HAS BREENpHIRlA G yrie sty 408Nk 6. P9} YIEL S et leticles,
o] ude pol Vg MG '.%%fﬁpﬁfféﬁ’ﬁfﬁﬁﬁiﬁwm‘mwi |
bol yet hyl eneox FYE ol lag vinostel,  PPOYyBgeyty Indidhry il yiret hacrylico
acid, Poly (N, mld'ie_mﬂ}'uﬁhé@mﬂ@,pb@@%iﬂ%h&‘%ﬁ%ﬂﬁq ipcc}ga,rﬁfzw Y RIP
cppuly et engetpmotpaceguacilos il VSIS Mo

c . - nourd 1 €14, . : o T
el ude. hyar opdl YASEY ST hians Ty copolghenondOc et vati ves:, |
hydrophi | i c" pebybisabaons, gvstur%i’ﬁé‘f’i%@%&aﬁ%@%ﬁ@ﬁ%ﬁﬁecppaﬁgmsr;a
pat i ents eye. (cayooyhare, Eh3 ShIE RSl Rids, Cinhorophest senbpasbbsrs
bt | s £ anehEeLs .ﬁswﬁ?wwwxmgw@msmpw&agéf bXgbhgy or another:
: conpar _ab|b° fi x@&i’bth: qlh[ﬁr(;egﬂ]!r‘]laf'r%lfg%rgﬁggﬁggbu?gyﬁ%néh%{l%sg;%ﬁk |
g(rag'\t/;a(rjluglgy-r ﬁélﬂ?ﬁﬁt i ghst I%ﬁp%esgii ‘is made with the centering reticle to

mark the 20 position whefiguafe 3 mhiovson maugmeiﬂaﬂeioipg?fﬁsnzggﬂfz;fngf he
cornea at theplassd iam tHe flmtPoEPaspdeiBRLS! 8fa' FsFt eI surgeon
ul trasonic marks the center of the cornea with a blunt instrument
15 using an operating microscope for fixation or anbﬁhg%“
comparable fixation technique. The radial incisien
marker (52) with centering reticle  (56) is placed on the =
cornea about the impression praviously made. A light_,
impressién is made with the centering reticle to mark the
20 position where the incision will be mada.
| The thickness of the cornea at the position of
the proposed incision is détermined using an ultrasonic
pachymeter or other depth measuring devica. The
thickness is'usually between about 0.65 and 0.75 mm. The
25 incision will be made to a depth of about two-thirds of
the thickness of the cornea or between about 0.40 and
0.50 mm, using the incision tool (66) shown in Figure 4.
The incision blade (68) on the incision tool (66) is set
such that the blade (68) is between about 0.40 and 0.50
30 mm long, according to the measured thickness of the °
cornea. The incisicn_blade (68) is then positioned at
the previously marked position of the proposed incision
and the incision ig made. The ineision extends through
the epithelium and Bowman‘’s membrane and is approximately
35 1-2 mm long and between about 0.40 and 0.50 mm deep. The
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bet weén about 0.65 and 0.75 mm The 25 incision will be made to a depth of
about ‘two-thirds of the thickness of the cornea or betwqepusapekT Y A0sE0
‘0.50 nm wusing the incision tool (66) shown in Figure 4. | The RpRIAIEN
bl ade (68) on the incision tool (66) is set such that th . i
bet ween about 0.40 and 0.50 30 nm | ong 2a.ccording to the measured thickness
of the cornea. The incision blade (68)“T's then positioned at the '
previously marked position-of .the proposed incision and the incisionis -
made. The i nci di"sHsdemedds onhaowgkdiushef ephé hebinwa andy Mﬂﬁé’%gorane
and is approximmﬁ%hyf3ﬁsliﬂggnhhgng-gggtggtmeeq%about 0. 40 and 0. 50%m .
deep. The TH $ SHEET HAS BEEN "REPL T i 7 ET%h S ke amadi us of
the cornea.’ A shall SparBPASCHAPCART Fhe inRer tIamelamsilayersy ate thwed t o
make an igitiQP‘§QﬂaP§thﬁ 1nc#hé0hnntthiﬁuﬁﬂdEﬁtﬂdmwarsrﬁﬁsth%eaggﬁ qm of
the incisibn wofhthet bamellanwi1l This: § {8AS NG, fhhe lanel|a w |
facilitate thembRs8EiL f_th -ﬁeﬁé@;ﬁmasu%ﬁ %}%&6& P?OPIF(E& gegtihe 5).
' f%%ﬁ F? I't &e Flqure; Sjap dadgprhi meassetihgd i nto
the incision t% elin Qhﬁschqnéyia3gdp1gaageglEgyina§§tgasi£?ﬁ. | f
the. gauge is eheilyciased tesl ddi Ot LG %ﬂgiaggg t he ilssue i S Thinner
than the gap agg ééfigedca t be inserted, the [Bsbg'i ni AFER_LLEYan the

i een det erm i 9ange dife epRALY| dnsexteddinto the correct

~gap. quf It has,
depth, as ShowtPFFimyurtdies tirsue ddi ahinneistRAnNBRK esah52Ad i Be bl gced

i nsi de the cemarmiot ke Hoteer(edd), the cyy ert uide (50), and
. the conbi nat i-on is pl ag%) 0N .t esf gotr??sgfgt Egn%gf?lg%% '@%}%e‘zhe{ %Pusi:ng o
the centering reticle ( o t N85 FGFR deFREPAned . that Kehe (BR)idioment er

¢
the vacuum ceXH8TM$ §O #be COTrecn tepthenasrshdk X QLS % MBge. Al
this point, 2Gaddalutricisdphl a¢ke? (88) C15 P RALAls1 JAGUM I NG (60)
- 15  Dbore (48) of the vacuum centering guide (50), and the '
-combination ig placed on the front of the”patient?s eye
(54) using the centering reticle (56) on the radial
ingision_marker (52) to center the vacuum centering guide
(59) on the cente: mark-previously made. At this poihtf
20 Hvacuum is applied to the circumeorneal vacuum ring (60)
on the vacuum centering guide (50) through a vacuum |
~8ource line (58). The amount of vacuum applied is
between about 10 and 27 mm Hg. The radial incision
marker (52) is then removed from the v#duum centering
25 - guide (50). It may be observed that within the
circumecorneal vacuum ring (60) there is a slight bulging
of the eye. This bulging of the eye contacts the vanes
yithin the vacuum chamber which helps prevent rotaticn or
other movement of the vacuum guide (50)..
30 ., With the vacuum centering gﬁide (50) firmly
affixed to the eye, the counter-clockwise digsector
barrel (80) is introduced into the central bore of the
vVacuum centering guide (50) (see Figure 7).
Alternatively, the pProcedure may begin with the clockwise.
35 dissector (86) shown .in Figure 8. For purposes of the



“on. the ggaguyey gentering guige’ (50) phrougdy ;& Vacuumrasounge—tine~+58) . ——
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radial incision marker (52) is then renmpved fromthe vacupm cengel
‘gui de (50). It may be observed that within the circuncor nEat—vaetd

(60) there is a slight bulging of the eye. This bul ging of the eye
contacts the vanes wthin the vacuum chanber which hel ps prevent rotation
or ether novenent of the vacuun1guicﬁ?%?ﬂ». 30 Wth the vacuum centering
gui de (50) firrgy affixed to the eye., the counter-cl ockw se dissector -
barrel (80) is fotinducedistiuzsibn, CREOGEREL D ' C cent ering
guide (SO (seayiRiuites @oun{:?gt-gﬁ.ﬁ@}c\iqu LYg %Sﬁ%ﬂ%ﬁ g:%néalt; eé;’gllq? Wi th
the cl ockwi se 35 di ssector ) CSRETRE o A RARP IS W be desarited.t he

TH S SHEET HAS BEEN REPIAGESCBnteysciockwise Y siesatiens bda.d e QB € na v
procedure that fseg en asict bt betsoent @rand auoM, S Aras88h -ff\gizjan %% .
descri bed. s Thar@OWw Serikaskwi dj cl.o | ade (,82) may forman are of
bet ween 0 and 36Q. . refergﬁf1 %%?%si’;‘?fe agonéuzgogf aﬂgtiéeﬂhaﬂﬁutinlﬁb.e and 240
and is shown i i-CHET98r 5 AGEM: 8Rf&¥anafh ahoutoR0aMeut TRAOdiFBecdibgsect or -

bl ade (8221 ist P:ﬁseddéé&i iat bntmwmqa;ﬁﬁ:%géow@a %H?hﬁiﬁ%gahg ;hte.

cornea and rot ahedeg@HNLA =Kk O J his case pas e poi nt |

t hr ough an arctggsfo a %ﬁoi?ﬁaféﬁnéiﬁﬁgifﬁ a%?ésEBPgFgerﬁﬁﬁkWéé? iB then

rotated cl ockw sa-afig® h%a%?a3%9iﬁ§Q£a@@éa=@uﬁhnbugheanimmerosubsurface-

| amel | ar t@nneRPProxhmatéby n2el® Nexthe HRaeekeskwhigadl E@fftgé baLrel (84)
e 1

! i ntroducedei - ' S Ei-qure 8). - drsSector
bl ade (86) is f%ga%%:cgﬁ%‘% hﬁ%}l&egf?ﬁ?%@fpﬁgg R4%i¥h thethe cornea
and rotated cl® STIPTYri8ae Jared lggstunnel 118 0hami fdrmédy ough an. arc of
Next, the clockwise dissector barrel (84) is |
introduced into the support base (see Figure 8). The
"15: dissector blade (86) ig introduced'into the cornea
through the incision in the cornea aﬁd_rbtated'clockwiSe
in this case past the 180° point, t‘hr-ough- an arc of -«
apgroxima:ely 200°. i the channels. connect, there will .
be an abrupt decrease in.resistance-to:continued
20 ‘disgection. If this occurs, the disaeétor blade is
rotated counter—cloékwiae; the blade is backed out of the
inner subsurface lamellar tunnel it has formed and the
blocompatible material in this case, the ICR (100) will
~ be inserted through the original incision and into the
25 channel. (See Figure 10 and also Figure 2.)
If decrease in resistance to continued
dissection is not felt, a clockwige probe (90) (see
?igure 9A) i{s inserted inte the clockwise channel. 1f
) breakthrough' occurred, the Probe tip will easily rotate
30 past 2OQ° clockwise rotatien. Optimally, the probe will
rotate past 200° and clearly inte the channel Ccreated by
thg coupter-clockwisa dissector. The probe can then be
withdrawn, the vacuum eased so that the vacuum centering
guide can be removed, and the biocompatible material, in
35 this case the ICR, inserted. If, however, the probe does




" approxi gat®l ¥ 200. |fauinelWhannei’'s. clnbeded REreswil po 4! e yam-abrupt-
gecrease in resistance to continued 20 'dissection. If this occurs, the
.di ssector blade is rotated counter-clockw se, the bl ade i o ..__Maf

‘the inner subsurface |anellar tunnel it has forned and Wj
material in this case, the 1CR (100) will- be inserted thrOUgi=tHeLl
I ncision and into the 25 channel. (Seel4tgure 10 and al so Figure 2.)

decrease in resistance to continued dissection is not felt, a clockw se
probe (90) (se@otFit@ic® Weded HASES ol N t | ockwi se channel . If

br eakt hrough' gy red, th{a roPe t%i EG\% i Ega‘g{']ﬁlck?%t%&%"iﬁepéﬂ 2000

cl ockwi se rotation. opS ¥R PRBNBLoLENGI Flockwias omatte 20A0tand clearly -
into the chann&logkedsed chpnnehe isothecloves it i S a8l Q1o kg gR" ObE can

then be w'thdradncouheeracugakaagsd a uum centering. guide
can be remVedinQQthﬁeéﬂkgcgg‘gat#jbl%§€r%%€r¥%é haP’}dr/\a"%s rtar’?i"§°52¥§li’l’1ear€R,'
inserted. If, however, the probeCtBeEvwise pnd QquntemaslBERNiBEPLACED - 14
not touch rotaf aﬁ&Ei’ZOHS?PFFtWMYb(asq.n)ssigﬂz_&st A dadenyi nep i?@wer

e Jower

h |, th tbhahnetei ( h N
channe the ctbahmeleisrdéberfondd By o vﬁé’“ﬁ?%ﬁ% %?’SgLélfiaé the

?2232?{ i Vl:|h$) C%iﬁseﬁ ?%%e?ﬁgdgﬁgﬁ%e%%{fm %Péneiscﬂmper -Qhoekyh e
Gor o i by et o o g S h et O 1S
R B e etk et el et FolELL, e
fromthe 10 channels by ‘ot al |5Hb£t°r?é‘mt&ro_&¥\ﬂic§81$@rf?heth@mtcm'kwﬁe)ckw se
- probe and coul¥R® ockwi se for the clockwise probe. If it has been
determ ned that the cl oceMi%e haG@aasl dle%e&'ﬂfnlagvﬁagn&le aclcolc Cwliv\sﬁese
Chann3| conneclridnnel ig the lower one, a clockwise channel connector
15 with an arc of between about 0 and 360°, preferably of
between about 240° and 360° and in Figures 17A and -B
shown to be about 330° is inserted clockwige into the
glockwise channel and rotated élodkwise_ in a similar -
. manner as shown in Figure 8 until it is observed to
20 | breakthrough into the counter-clockwise channel or until
it. has rotated 330°. - If the channels a: - cénnected,
:herg will have been an abrupt decrease in resistance to
contipued dissection. 1If this is the casé, the clockwise
channel connector is then rotated counter-clockwise and
25 removed from the clockwise channel. The vacuum is then
eased and the vacuum centering guide (50) shown in Figure
6 is removed. The _biocompatible material, in thisg case
the ICR, can be inserted.  If the chinnels do not meet, a
c;ockyi_se finish ‘channel connector with an arc of beﬁween
30 about 3§o and 510°, preferably betwaen about 380 and 450°
and in Figures 19A and B shown to be about 400° will be
ingerted into the lower, clockwige channel and rotated
clockwise in a similar fashion as shown in Figure 8 until
the lower channel connects with the upper channel, or

35 until the finish qhannel cdnnector tip rotates through to




15 witheng aned g bet m@n;tah)@ﬁt’“'()"'"é'hcu[B@O;qe'pt{ef erably phbetyween- about -240——
and 360 and in Figures 17A and B shown to be about 330 is inserted
-cl ockwi se into the clockw se channel and rotated cl ockwW J®liS BHEETSHAY lRBEN

‘manner as shown in Figure 8 until it is. observed to 20 preaktrRBPONGED I Nt O
t he counter-clockwi se channel or until it has rotated 330.” . Tfthe
channels a:. - connected, there will have been an abrupt decrease in

resistance to continued dissection. T¥tThis is the case, the cl ockw se
channel connector is then rotated counter-clockw se and.25 renoved fromthe

cl ockwi se chanridie sptewdaneimiion.t heRangase V. m cent eri ng gui de
(SO) shown in RitEH &n Qur%phe XFPa %ﬁzé b?ogzﬁnggﬁgf% “?ra;‘?:aiﬁ acfe?ter‘??”t‘?ﬁcg
case the ICR d%o%et&%ilonserte . fRe BhERRLPSARGL R Frntinued cl ockwi se
fini sh channel nnector Wt RPARTERE - of Onee it Sbaibdire A ahirR bl
preferably bet ieQFFa886t cBBOnadd USGe bewh idofianias 194 34 B,shown to be

about 400 Wi | | channkasebhfdctdi 0 ...cl ockwi se. channel “and rot at ed
cl ockwi se in aTﬁEmv!a%{x {qaghi on f‘jg% gf%wén s Facyum 18 epgedoner
channel connecis wi {h [he"TPPEFiRhAikde O0)3Bhown lint Feguirei sheghannel
connector tip FBEBtRS reneved.fram dhé &d] atd- the 5i5c¥m§a¥iﬂ51¥ i a88"'q
agZ aui |Im&dtisl SHEd-ddd5 BEEN REPLACED the entry rncCrsron. Channel -

connecting may be deterniped .when an abrupt decrease in resistance 'to
conti nue.d10 di ssection i ?%bg%ﬂ?egd.beaﬁbélettﬁé'méHQGKMae thd COouUnt&F=

“cl ockwi se" TharfeP SRR ghannedorisethed 1okae Bhai,sa‘éoﬁﬂé‘é‘??élf DoEgor 1S
removed and t heharamelinedned® e witiNg Vagedy cgg{__.er;ng TG Thoun N
Figure .6 can_3éc{$n%eee€?erngﬁed fromthe“eye and° i@ %u%aﬁ@_ material |
inserted. If it has heen deter ftnBAtWRAR aheut o cand . 360 <k wise channel

_is the |ower SHEUZLSc3BR @nchoehMecoCBanéEéu@thé "Hate}a arc of |
bet ween about C@mdr-ﬁﬁgckﬂﬁggeiﬂébygggQ&Ex\z'ﬁen-. -aﬁc(gc%wiﬁeoi e and

Figures 318A a%tgtﬁgowguhgeggc?ggﬂ&ise ixlxsals%:éﬁ ' ;e o
| _ . milar fashion as shown

in Figure 7 qntil it is observed to breakthrough int‘o' the
¢lockwise channel or until it has rotated 330°., If the
~channels are connected, there will have been an abrupt
dgcrease in resistance to continued dissection. If this

20 is the case, the couriter-clockwi‘se channel é'onnectof is
then rotated clockwise and removed from the counlt:e'r-
clockwige channel. The vacuum is eased and the vacuum
centering guide (50) shewn in Pigure 6 can thén be |
removed from the eya. The ‘blocompatible material, in

25 this case the ICR, can now ba ingerted. ’

If the channels do not meet, a counter-
clockwise finish channel conneetor with an arc of between
a::bout 360 and 5109, preferably between about 380 and 450°
and in Figures 19A and B shown to be about 400° will be

30 inserted into the lower, counter-clockwise Chéﬁnel and |
rotated counter-clockwise in the manner shown in Figure 7
until the lower channel cenpects with the upper channel
that is there ig an abrupt decreass in resistance to '
continued dissection or until the finish channel \

35 connector tip rotates through to the entry incision.



* count er 661 BCRWME €8 | nt BUhENIduNt er - cldékwise SEhanneti akd 145 ¥ ot at 60

.counter-clockwise. in a-simlar fashion as shown in Fig untjl it is
.observed to breakthrough into the clockwi se channel or (ntHIB SHEEhaG BEEN
rotated 330. If the channels are connected, there will RQave beEHLAggpabrup

decrease in resistance to continued dissection. if this 20 is the Tase—the
count er-cl ockwi se channel connector igsléthen rotated cl ockwi se and renpved
fromthe counter- clockw se channel. The vacuumis eased and the vacuum

centering gui de gn?@) +RROWA) Lgure.6 _can then be renoved fromthe eye.
The bi oconpati ble nmateri QFOEP'F\' ég ¢ SVRES T 103 QoY isea shaowels haser t ed.

If the channel s 85" &P Ragtedq tlotinf inlskc lanznniede confietl oghaBNeempoRRECt OF
with an arc of Eéﬁweenuuabbﬂteiﬁiuéﬁﬁi&SUJNaQ%%Hekgggirgﬁpwggg ab?%t 380 and
450' and in FigHaest 194 agfofes tQ be abou& 400 Wi 9496 (R t ed
into the Ioger,mgggg£§{-cggc w se chaniiel “3fd  F6&hr ehreobhPEPTDRBERIRSE i N
t he manner shom? %n t$gUy 70315889 kb9 SRR (2RGhnmAycbengst sowiitlgt he
upper channel, 1BFRtthe innrastromul ahadpk)des’ Eel Lstapnce to
continued di sses#) ofn O i f i channel /35 connector "Trp-r tes
héJinllecIég_%él r} %E g €Re leci&@f%éé‘Frﬁcﬁb?a
through to'the e é‘i\y i_ﬂ]ci si on. § atd® §heangl copnectoy HE lone qwasd
U. .-. awt i % " ATN% qdeg of the. ICR, My SEHREANER RN REPLACED - 16
once the cl ockviechrghen detseritledC Ky ERa CHAOERL S &lfg&s;e n,connected, the
finish chamel connector isswragrrpl\éggrs The Vacuum | s eased bt ¥R vacuum
“centering gui'dgqﬁ?‘@% andi 1 s Te vBRCYR orf R eention alew E
bi oconpati bl e Saf, VARiaRisnCcas cthdcptaRedusd )outi e idddwuGed

into the intrashishalthehapoakeirncl 88kwi e kyd ' of,.\in the
5 86 i et elen{?smo % he ICR

di tion of t i i d
et on of Uheabamnek gingalabelb S b LS AR e 10

may be j oi ned )
10 As was not egiabopéF PAFe Fheenifdromle arvoiclamdethe \Abickidiaa Of the

procedur el8ut | dhedeaboreisnrotated less than 1g0° but typically more
than 10°. The two dissectors may be introduced inﬁo .
separate incisions. More than two non-intersﬁcting '
channels may be produced in this way. These smaller
channels_ are for the purpose of introd'ucing smaller arcs
20  of biocompatible material into the cornea for the .
correction of, e.gq., astigmatism.

Figurgs 4, S and 11-20 show the devices useful

25  in the method of the invention. ' '
| The incision for insertion 6f'the disséctor
blades is made with the incision tool (66) shown in
Figure 4. The incision blade (68) is of a size and
configuration that allows the blade (68) to enter the

30 cornea at a depth and angle suitable for cutting a'
Precise depth into the corneal stroma. After the initial
incision is complete, a small spatula may be inserted
into the incision to separate the lamellar layers at both
sldes of the bottom of the incision. The lower fork

35 (126) of the gap gauge (70) shown in Figure 5 ig then



* whi ch’ t I8¢ :gount ar- cl ookyi sa :di SSect oFgibar nel $¢80—is] motatpd- after .
introduction into the cornea, less than 1800 but nore than 10 or an arc,

-and the clockw se 1S dissector is.rotated |ess than 180 (buBistsHEEga] s
‘than to. The two dissectors may be introduced into sepgrate RBﬂJA%'E%nSlj]] l
Ih e

More than two non-intersecting channels may be produced I n Thi s way-:
smal l er channels are for the purpose of introducing smaller arcs 20 of
into the cornea¥or the correction of, e.g.,

bi oconpati bl e nateri al
astigmatism V Figures 4., 5 and 11-20 show the devices useful .25 in the
met hod of the irpeerited doke inebstAs {Ohei\Sedd f. the djssector

S om%é.p%nl}a%&f’&me% € 98B inci sion

bl ades i s nade Wabet hNQLSI ol (66
bl ade (68) is o\figggi hg"é §5§cgﬁ¥’|& u‘?‘é‘%i & HorRe JwS5t Aedblade (68) to
enter the 30 cornegeﬁg 3e3¥btht§ﬂ %ﬁ@ﬂn;quﬁzmabkaefbb:gahtéageaofp$§ i se
depth into the YBPREafoskroanthédftes dd idH el 10lBE1 84 's?co efe, a
"~ snmal | spatufa nbegihe FA6RTAwGhe | iH;d q:% INGi_sion to Sepa th' heI3Rel | ar
| ayers at both ,sfles, of, the bottomof t e Fﬁcwgron?th%OWQWwﬁotkn14235
(126) of the gap gauge ‘%’ﬁﬁe% WP itherilgmed 18z sepht@ti&.tc_detw"aﬂ%HEET
HAS BEEN REPLA E%Hatat#nneﬂhphnm1iImt@hEhso%gggiI@g s%?%&gtion. e gap
gauge (70) has imgwertend; h% ksbg%ZS an re 1ﬁ§:i I%ﬁ%{lﬂzhe
di stance fromt oittom'egge 0 %{aﬁe BPER FB#KuBREZ Mnd dowedyEorkst, he
|l ower for Ig.‘o(t heé}g%g:;@:?‘ﬁeijﬁg thismeshshan0tBa5gap dnd b d@@pe}hq_nlcg_ggrﬁnf ork
(125) wi I4¥ be W#Ya rieguwirtelde | ggekhar tl 0 det érm ne. e
| he céfﬁé‘éf"}f&‘%enscéf‘w&%ﬁt 8aghéygap

separati on deptihgelrield nQr | JLissue is easi
bet ween t he up%%r and Ioé\lgr% ?glrgkg,&p'tﬁget'i'%%ﬁ}tﬁ iﬁlﬁ tthiicker than the gap and
a deeper -incis oF - . _

Figures 11A and B show the vacuum guide (s0).

e T?e vacuum centering guide (50) includes an annular
clrcumcorneal vacuum ring (60) at the end proximal the
cornea and a cylindrical or central bore (102) extendiﬁ |
from the end of the vacuum guide distal the eye (54). °

| The vacuum guide (50)_typically containg a solid riﬁé
| (103) that extends vertically approximately the distance

20  of one half of the diameter of the vacuum céntering"uide
(50). Wall portions (104) extend vertically from th: |
?olid ring (103) and Support the other devices inserted
into the central bore (102) while allowing for excellent

s Iie:;:§ :hose devices and the eye. The vacuum is brought

.acuum source line (58). The circumcorneal
vacuum ring (60) is configqured so that it meets with and
seals to the front of the eye rendering the vacuum guide
ﬂSO)'relatively immobilg when the support basge is applied

y :: ::: j:::z.éf the eye and. a suitable vacuum is applied

‘ m source line (S8). The vacuum chamber forme
an annular vacuum Space against the front of the eye
The circumcorneal vacuum ring (60) is made up of an inne
wall (106) terminating on itg inside by the central borer

. é:o:l; t::e ce?tral bore (102) is at least large enough

| entirety of the dissector blade (i.e. 131 in
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-ci rcuntorneal vacuumring (60) at the end proximal the c0 2
cylindrical or central bore (102) extending fromthe end of the vacuum

i s di scus$8d bEPBALigheofethe avadmume gu {ld¥) (519S Ri3-1 oirﬁ'm( Jsglé%z.\%’% ch

Winsertdd into

itk &, S0 W

the gap, the tissue is thicker than the gap. Figures 11A
vacuum gui de (50). The vacuum centering gui de (50) includes aRgph ”%PE?%

gui de distal the eye (54). The vacuuqbguide (50) typically contains a
solid ring (103) that extends vertically approxi mately the distance 20 of
one half of the dianeter of the vacuum centering guide (50). Wall portions.

(104) extend veFiguee|33Ax o Liw disthished MlowlOSnandeaunger bothe of her
View of those derdpes i i dLa Wi hebetsRsigniy2soinctden vacuum
source |ine (53'& B Rhe e by dipsecserr bhgde60) The cutéigui@shso that
it meets with dnidd tHils (@& heelicablef sbbrseyRe’ SRE8] a8 %k h&%/a&e{“m ui de
(30) oy i veloerivering gl (sbg . 5UBHOLRSFe! EpdPl Lot L || e
(58) Y o vacudeSt 2 ahy T may GRnapar o dveren sisases atesistetden 1 ont
of the eye. Th&xﬁﬁﬂéuﬂéunnsa!thecuunnéhhgsﬁffacéE%HEHKE%#)éﬂbﬁ?}é gper wall
(106) ternminat i8gaeBached B8 gﬁeb%lﬁl%g. Ce‘Pth%Zrlit Orsg e 3 il - ﬁ‘fFal
SRR T SRR e A i
.e.. R o Preiviegr € 13A) as
substantial |y epepatges. Wrhd | S0 1S A agnum o 5e
cacun g gl G LR e B mestnes
be one or nore ridges (1Dtgumhiidn shewdNd AR Y2eWNSnA0FRgRLeSYLfaCE When
the support Fnﬁhbws 2 bottom view of the radial incision marker (52)
18 The_sighting portion (56) on the inside bore of the ‘
radial incision marker (52) allows for making a marking
on the cornea at the site of the proposed incision with .
the incision marker'blade_(sz). Further, the radial
incision marker (52) is uged to cente:lthe'vacuum
20 ' centering guide one the eye. The radial inecision marker
f;;s into the central bore (102) of the vacuum guide
.(50). Once the surgeon determines that the vacuum quide
(S0) is properly centered by using the radial incieion
marker (52), vacuum is applied through the vacuum source
25 line (58) on the vacuum guide (so)'and its terminal
opening (110) in the circumcorneal vacuum ring (60) (see
Figures 11A and B). '
» Once the vacuum guide (50) is affixed to the
front of the eye, the radial incision marker (52) is
30 removed from the center bere (102) of the vacuum guide
(50) and the counter-clockwise dissector barrel (130) is
inserted into the central bore (102) of the vacuum guide
(50) (see Figures 13A and B.) The diésector blade (131)
~ is attached to the dissecter barrel (130) by the
35 dissector blade support arm (132). . As the barrel (130)
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"i.s attadiedl teitfe gukdig. 1The ridges (are Pposid

€i rcuncor neal
.('50) during any surgical operation.- The opening (110) t ' -
‘line (58) is shown in Figure 118. Figure 12A shows a si geWISéHW&ﬁ BERN

i nci si on marker ( REPEAED

b | (130) THBS) SHEFT; 9- . Lt.defi
T e The by Taghe THdbe Of SonAIBE BRS’ OF Btusra phous

TRt [ Wi sth I o giHe——— — ___
vacuumring (60) to prevent 10 rotation of-the vacuum gui de

128 shows a bottom view of the radial )
sighting portion (56) on the inside bore of the radial incision marker (52

allows for making a marking on the cokthea at the site .of the proposed

incision with the incision marker blade (62). Further, the radial
i nci sion markerréd2les s Msehdideeelt gL the vacuum 20 centering gui de one .
(o e i Setihes N B F%%fi?ﬁf’ostheT*t'erﬁaf%Helbcﬁ:@s( 1023 )of

the eye. The r al_incision marker
t he vacuum gui S]Eejé ‘%%’0391%% ton&heubyade- seter 30s dimtuddel BaQEWD gui de
(50) is properly center edFiigpresiing i.hear@.pl-mlvﬂ'éwiai{d)rgiglm.rekq_raa( E;.LZ?) .. vacuum
i's applied thrdzgi:dme{ﬂeaﬂbltnhﬁeu%ﬁn@g’r-!éfb%}éﬁ?g gl t he vacugmg} i #e (50)
and its tergrin 0),in the circuncorned 3PEEreH r(i1#§7(-60) (see
Ahe Y eng(léé} !
Fi gures 11A and B) . %ﬁ%e tR&7 ¢ atBuRTRE REQBERi §sadeBiedbly t he front of
Lhe e%/ebzg he_f rg(ll BAgNdRS] dﬁ;ﬁa?kwre (52) i s ThIG p@lm;iqgkgr ngége center.
ore (1 o] unAC GEMmg e e nter-c | se dissector
barrel (130) igegi Mtgdy toa{Eﬂaégﬂﬁfggﬁﬁgggtfgoif gger%ia98canﬁ1guide
(50) (see Figu?és ?%% and BT ARt 3 196 ecsangndar paBh) ini shattached to the.
di ssector barr éPEET3BPeBar PSR alict atieokobhade SHPORAL af.gé(g,g%&?. As the
' arr el '

L 2usets bl o 3045 e s o oo v e e om viow
of the count er SRPWRKWP se dihmusc200°( 1a%)ng5iThechede (HSWxid N(134) |
cross-sectlOh,asSaEEWhrfﬁ”H&gure 13B. The blade’'s major arc is in a

' plane perpendicular to that axis (134). :

5 . The dissector blade (131) is formed so that the
.dissector blade support arm (132) is at an angle 3 of up
to about 90° (see Figure 13C). The angle of the blade
support arm (132) to the plane of the blade (131) may be
a value of 0° to 90°. 7Tt ig preferably between 0° and

20 80°, more preferably the angie is between 10° and 50° and
most preferably about 34° (4 5°) to the plane of the
dissector bladef This angle results in the dissector
blade support arm (132) being genérally perpendicular to
the cornea when it ig inserted into the incision-pfovided

25 for introduction of the dissector blade (131) into the
corneal stroma. Thisg angle, although not absolﬁtely
crit;cal, is desirable and has been found to prevent
tearing of the epithelium during the corneal operation.

) Thg length of blade angle support arm (132) is sufficient

30 that the entire disgector blade (131) is visible through
the top of the dissector barrsl during use. The outer

diameter of the dissector barrel (130) is slightly less
than the diameter of the bore (102) of the vacuum gﬁide
(50), thue allowing for rotation of the dissector barrel

35 (130) within the vacuum guide (50). The overall



"rectang@fat (3LECF guile [18D)d Thi s”paring t $2ptEar gedd! arbdumo 3 gt—teriat—to- —
be incorporated in the blade and yet forma substantially rectangul ar path
in the interlanella r spaces of the corneal stronma. The ‘blade10 (1231) js -
in' the shape of a major arc of between about O and 36010, THHP SHEERIMAS BEEN
bet ween about 1700 and 240, and shown to be about 2000 Hayvi ngRERL&ACEBNt er

the axis (134) as shown in Figure 1382 The blade's major arc is in a
pl ane perpendicular to that axis (1345.015 The dissector blade (131) is
formed so that the dissector blade support arm(132) is at an angle a of

up to about 9FYRELF U dBBhe Bizeanskechol ¢l fifsr acgg sup%%rt rm
(132) to the plure saddeiyaded 1]L) 108 tge a.value o FAD FF 9% is
preferably bet\m]_!%%lsp% 0 800, re. ér f%?a'f)lﬁ/ irFesta® hartsdt vieen 10
and 50 and nost_preferably ApofC. 5Aattthe)rawie inf pranderigtH e tdjessect or
bl ade. Thi's andi™® FHAMSEET 4ot betuesncotzs:y brRe1Q SURP Gl AlFlchhie) Dei ng

?ﬁ??é?L'nypﬁﬁw’@%ﬁ‘:‘é’é“?‘“’é?ﬁ;*‘%ﬁﬁﬁPﬁﬁt e taddlie 129 SB, 18se: Shani nt o
Thi's ang%g} AREh ARGt Labssl deebytheni tscal,, is

the corneal s ro-rira. T
desirabl e and 8 BechRtBanzatbopralion edsmacmeaniiphg: eBh! E?I Egg during
(132)

t he corneal opérageon. The |ength of bl ade angle support ar S

sufficient 30 that the ire, di ssectqr. blade (131) is visible through the
top of thf%di ssect pr a??%% %ﬁ???ﬁf%&laﬁﬁe (33der hagi tmetethef the

" di ssect or~ bar rBF¥Y3y Faranetpns \thagsaret badieheddiangs ?{mﬁé#{lﬁt bog e
(102) of the vekeieffpotive (Sfhradiliss o2 LY ggcgl% é&g&l n )o The
di ssector barr 0\3{5%%{ ggfmr%gﬁ vacuum gurde ( » -Iﬂ%o ovitall r
THI S SHEET HAS, BEEN 1l - &Pt FBABRED £ the cime=aDfstizdina |
di amet er of -t N& Ut FWAC YR afl 4be @isspctortbertengifsdf, Wiy di ssector
barrel is dissectorl blade (131) must move in a path which is
15 s?bstant;ally; _planar. That is to say, the path of the
<.i:.ssector blade (131), as it moves in the corneal
intrastromal lamellar space described above, must not
vary either up or down during the dissector b’éfrel_ (130)

rqtétiog. The distance "a" ghown in Figure 13C is a

20 constant. The blade (131) can be considered to be in a
plane whiCh_is Perpendicular to the axis f134) which is
in the center of the dissector blade (131)..
‘ Similarly, the cone angle § shown in Figure 13D
1? preferably 112° (z 30¢), Again, this permits the

25 dlssec;or blade (131) to produce a éhannel which is
pParallel to the lamella found in the corneal etroma. The
::ne a:gle f may, of course, vary a few degreeg dep;ndént

guch variablae '

che wire b ik :},:'_s the geometry of the ICR installed,

30 . The diggector blade (131) may be made of a
variety of materialg including but.not limited to metals
8uch a8 stainless steel and other similarly strong and
biocompatible rmaterialg, and may. be coated with a :
lubricous material such ag, but not limited to polyHEMA

3
5 hydrogel, cross-linked collagen, cross-linked hyaluronic



“desirablgy:ghesenzso thaty jhesTatio-ofyitheqbength—tonthga ang—dianeter is .
between 0.25:1 and 15:1; specifically. 5 between 0.4:1 a 1- 1, _at | east
dbout: 1:1 and less than about 3:1; and at-|east about 3} THBUSHEEISBAS BRAN
15:1. Again, these ratios allow ease of manipul ation byl the REBLgerm. Th
di ssector blade (131) has two other 10 physical paraneters that are
believed to be inportant to the effective operation of the vacuum gui de
(50) in providing an interlanellar channel in the corneal stroma. Upon
rotation of the dissector barrel (130), the dissector blade (131) nust
nove in a path , J_ich lf 15 substantially planar. That is to say, the path
of the dissectf Bl atiblPia7§ 9248 tPakymisyiin pyreoteseaa) TEPLORSt FopRl
| amel | ar space ¥4 ce¥danli aboi/boxanstgelef, vary either up or down during the
di ssector barrel. (130) =i afd e ydi.stance_"all shown in Figure 13Cis
a 20 constant. gi@%é)l- adg (131) ségahrftbe €§E§F§e§éa° ONBELRG dissmetwr which is
perperidi cul ar o the ax1s (F3AawoMesi §ndi Ast hetredtieed of nddiec il S LOr
bl ade (131)° SikA¥&AE theheracnum gngke RsshowiThLE f%?y{cfgg ]%g?ﬁ i‘%sfo referably
1120 (t 300). Adaigectidd HlR@eTwiS chh di ssect.or bl ade ( ) 1 duce a
channel which igg ng?r gl gl to thgc_arsr%%?g ?‘Bﬁﬁlaei?‘frf‘%e%(ﬂ%é?lmtr ®@wa. The
cone angle Q nmay, .of courS8F Forpealf bhseegrie sintommiutad inte Skah
vari abl es as tHécéééﬁﬁtm§dsfbyhehé(fhéﬂsiéﬁlsghdetgga ivze Ls%%%ggye' 30
~The di ssector blade, ielgdia f vari ety of materirals~including
U84 BEoLRELed ad shqwaty Glgeecsomi | arl y

but-not lgpgite | s, suc s stal nless
strong and biggg%%gfggl5°ﬁ§€ﬁ$i§f%?‘%ﬁuﬁhﬁaFtﬁ?ofoam@dzubph an kHpgi cous
material such &3%€peP0hoclockvieel in)¢KHéﬂﬂﬂUAn§§eh¥ﬂE%g€| %FOS§;|1 ked
col I agen, cr osdisaekes WO § ] SoREL Hagnbaeh,, FLPLACED -Bie

reméved.

15 view of th:iz;res %4A and 14B show a side view and bbttdm
ockwise dissector (139). As is shown, the
diessector (139) is constructed as described above with
regard to. Figure 13 A.D byt the dissector blade (140) is
in.a clockwise rather than a counter-clockwise
configuration. Following making the 200¢ counter-

29 clockwise channel described above, thé.dissector bﬁfrel
flél) having dissector blade (140) on its lowef end is
1ntrodgcgd into the inner bore 6f'the'vacuum guide (50)
?he leading edge (142) of the dissector blade (140) is .
introduced into the incision made'by the incision blade

25 and the dissector barrel (141) ig rotated between about
170° and 240°, in thig case 200° clockwise in order to
make a 200° channel. The .dissector barrel (141) is then
rotated counter-clockwise and removed. It is of course
possible to make the clockwise channel before making the

30  counter-clockwise channel in a similar manner to what
been described above. " e

Figures 15A and B show side and bottom views of
| clockwise probe (90) and Figure 16A and B show side and
bottom views of the ccunter-ciockwise probe (92) The
35 Probes are designed guch that the axes of the ha;dlea



“acid, sigtoxanesgel s, polyyyiimyl™ pyr rolgidpnes TEFEEON U EER A 1 arsg-————s . o
orgami c-sil oxane gels. The di ssector barrel (130), having dissector blade
(131)-on its lower end is introduced into the inner 5 ot ihe—yactym
-gui de (50). The | eading edge of the dissector blade vvhli gﬁ@%%g@%@“

as not to tear corneal tissue i|s*t he

rounded and bl unt so
I nci sion nmade by the incision blade and the dissector blade is rotated

cl ockwi se as shown. The di ssector 10 baekrel is rotated between about 170
and 240, in this case 200 clockwise in order to nmake a 200 channel. The

di ssector barrel1ss ahgnié: er-clockwi se and renoved. Figures i
14A and 14B show g sid 1¥$‘2)\t/vaé1%;§g%mdi%§e§fagvfgf thRcPRFBERMI 06 thesect or
(139). As is sh%%m, %hg %i?ggéé GT39)3F9 éuﬁs:tedtédtastﬂesglégggiggove
with regard . 304 FPwRferald>ckwidsebehanheldi 68648 o é?deréy,?% i,g in a
cl ockwi se rat hepreban(s0)c A8 iRe1ghe@kWi s a CONS i%’gra on, Fol TOWr ﬁiﬂ%ki ng
the 200 comteran?(gr;éfg:l%/via e sghannel  descri beEBDoV TR het 2 ks seratorhamr r el
(141) having di s.sei_gtor b a%e _?‘fﬁ'ﬁ) BnFigere ok @ncasd desartimaticashbygt 0 t he

FERRRCGut@eths0dissdtreot asThdy, edgics (éﬁﬁ')fb&f- t he

' e by t

i nner bore of 't
di ssect or bl ade Lotk sies prioBk!. I nt o the incision na he incision
bl ade 25 and t i C prr. ar ?ggpﬁiﬁ?éi%déboqzﬁft &F he Jvﬁé-‘én tsdutle 170 and
T el alPen
00 cFocRUPER 17 blgxe tiFA rallhen 2RO afhaheciprobes '

240, in this cage
The- di ssect or B3¥r BF PeEWSeRso tamdh 360ﬁ,atg&€éﬂé&‘&ubt1?f veeielel 3803 ypoved.
a

It i f rsand PhI o llgckw.se channel bef ore makKi t he
30 cz!lgt e?.@&-i?kwpgi"cﬁagﬁﬁliﬁ*?ﬁ‘% §%§W\§ﬁ§é’fi“95 \mapehagwse@ﬁmq -
described above. Figures. 15A ghd B sHwEsiedewahatbom amdvietds ofews! ockwi se
probe (90) andP#FREFELYElY fi thes mlwckivdeeartanhal! BBhUEEYS, Ol 1 LBF es
count er - cl ockvase Eﬁgﬁwhésﬁﬁa.AEE?E3§QEBDQ§EE§&eagSSEggg EUCh thal " the axes
of the handlesregﬁﬂéif%g%gI @ést E gount:r-cl nol o
_ ' _ ockwise channel connector
15 (161). The blades (162 and 163) and barrels (164 and
168) of the channel connectors aie as described above-
with respect to the dissectofs; except that the'arcé'of
the blades are between about 0 and 4¢50°, preferaﬁly
between about 240 and 400°, and in Figures 17a and B and
20 18A and B shown to be about 330°, | -
_ . Figureq 19A and B show bottom and side views,
rgspectlvely of the clockwise finish channel connector
(170), and Figures 20A ang B show bottom and side views
respectively of the counter-clockwise finish channel '
25 connector (171). The blades (172 and 153) and barrels
(174 and 175) of the finish channel connectors are as”
described above with respect to the dissectors, except
that the arcs of the blades are spirals of between about
— 360 and S10°, preferably between abdut 380 and 450° and
30 shown in the drawings to be about 420°. |
- This invention has been described and
?xemplified in some detail. Thoge having ordinary gkill
.in this art would recognize variations and equivélenta
. which would be well within the gcops of the invention
35 disclosed herein but perhaps outside the scope of the



22 (15¢fandqaly5@) ar euop 1tuh1ea dr anet err[)[ of qd]ega)ortlamm, @ﬁAlteheg-—prebes (153

and 154) that are jnserted into the clockwi se and.counterclockw se

channel s of the eye. The clockwi se probe (90) is designequid $gE
-arm (155) that has 5 an angle a as shown in Figure 15A or as ﬁgp@fwggm
above with respect to the dissector blade. The counter-

(92) has a support arm (156) that is vertical as shown in Figure 16A. The
arc of the probes nmmy be between 0 an2h-360, preferably between about 180
10 and 360, and is shown in the drawings to be about 200. Figures 17A and
B show bottom ctlvel of the cl ockw se channel
connect or (160?151:&%%\@9%}@? 182% 25 ABPLIRARYL tigthentd oni dhari elese |
respectively, niV@rigtderei be thalnddd catIEe @he 53 glﬁ@f The

bl ades. (162 aﬁ@l@G&ﬁvanﬁxbarrels (164 and 165) of the chann connectors
are as descri bed above wth respect to the dissectors, except that ‘the
arcs of tge blades are between about 0 and 450, preferably bet ween about
240 and 400, and in Figures 17A and B and 20 18A and B shown to be about -
330. Figures 19A and B show botiom and side views, respectively of the

cl ockwi se finish channel connector (i70), and Figures 20A and a show
bottom and side views, respectively of the counter-clockw se finish

channel 25 connector (171). The bl ades (172 and 173) and barrels (174 and
-175) of the finish channel connectors are as described above with respect
to the disectors, except’ that the arcs of the blades are spirals of

bet ween about 360 and S10, preferably between about 380 and 4500 and 30
shown in the drawi ngs-to be about 420. This invention has been descri bed
and exenplified in sonme detail. Those having ordinary skill in this art
woul d recogni ze vari ations and equi valents which would be "well within the
scope of the |nvent|on 35 dlsclosed herein but perhaps. outside the scope. of
the 1 : :
. 15

20

25 - '

30

35



.. THI SSSHEET?: HAZ BEEM![RERUACED "T-2d ‘&pfedded—craiiisps il 2 dis—appt-i cants’ - ——
intention that these equivalent variations be included within the scope of
this invention. 5 10 15 20 25 30 35 - TH' S SHEET HAS BEEN REPLACED
--24 ms 1. A nmethod for producing an intrastromal chgnTidiS SHEETI HILREEN] a
bi oconpatible material into the corneal stroma of anleye, BEPIAgGBEt hod
conprising. 5 (a) cutting a small incision into the corneal Sstrona; <t

i nserting a counter-clockw se di ssectegq-blade into the incision and
rotating it counter-clockwi se to produce a counter-clockw se channel; 10
(c) inserting a clockw se dissector blade into the incision and rotating
It clockwi se to produce a clockw se ch 2. The nmethod of claiml1,

further conprising: 15 (%) i @sametihod do&OpﬂbaﬁcﬂhQCKM‘§ﬁE£$ ot 0 the
t he c/ ockw se channel

courter ol oclu o s abaeburecthgle L a1 O

to see if the dwHwls JBal o The net _
cl ockwi se gnd counter-cl oc&“v?ﬁ s%ef dr's §¥8t oF3bAaBeEhed\eompriradngyf bet ween
about 170 and 2400. (8)  cutting a small incision into the corneal

stroma;

| (b) inserting a counter-clockwise dissector
blade into the incision and rotating it counter-clockwise
tO produce a counter-clockwise channel;

10 (e) inserting a clockwise dissector blade into
the inecision and rotating it clockwige to-produce a
clockwise channel. o

s 2. ?he method pf_claim'l, further comprising:

| (d) inserting a counter-clockwise probe into
the gounter-clockWise_channel and a clockwise probe inte
the clockwise channel to sea@ if the channelsg meet, '

o 3. - The method of claim 1 wherein”the
_ clockwise and countexr-clockwise dissector blades have
arcs of between about 170 apd 240°,

4. The method 6f'c1aim 2 wheréin Ehe channels
do not meet, further comprising:
25 i
(e) determining which of the clockwise or

counterclockwise channels is the loweyr channel by
vigsually observing the probes; '
(£) removing the probes;

. (g) imeerting a clockwise or counter-clockwise
channel .connector into the lower channel depending on
whether the lower channel is the clockwise or counter-
clockwise channel and rotating it clockwige or '
counterclockwise; and

(g)  removing the channel
_ connector by rotatin
35 it in the opposite position. Y ; ’



" 4. The methods pfzcl aimg whey&imthegghangef $7—do-noy reetisyfurther——. .
conprising: 25 (e) determ ning which of the clockw se or° counterclockw se
.Channels is the |l ower channel by visually observing the~p+~obes—{f)
‘renoving the probes; (g) inserting a clockw se or count r THISOSHERTSIBAS BEEN
channel : connector into the-lower channel depending on t h&EPEAMCEED ower
channel is the clockwi se or counter- clockw se channel and rotating it
cl ockwi se or countercl ockw se; and (g)-2Senovi ng the channel connector by
rotating 35 it in the opposite position. TH S SHEET HAS BEEN REPLACED
-25 S. The nethod of claigm4 f I Siyn (h)_inserting a clockw se
or counter-clockw se finkﬁp cﬁ%%ﬂﬁ%?%éﬁﬁéﬁn?ﬁéi“hﬁbfFﬁ§hPGM69mPWéBdab
dependi ng - on wgft er the Towet Y & Flarkwilseclos sountesBIbeki e
d ockwi se channttPhfl Fhaenehginned ok Wik Rhe QQWQEGEELSCkfﬁae unti Pt he
channel s neet ownumheihéfmthélﬂygg}(gygyygl ﬁonn ctor rotat8s-af88RRLEgt he

nel con

incision; snd ¢igdckSEYing the chan niEcFBf Byorkvasengr ¢ountern the
opposite directi on‘.:}{6. Aén}%t%(é 1"6‘% FREALERAgLs blockwpeéidte pol yner into
the corneal st R AT AP sesund idethedchgaAR] b Shads Js $§RﬁfL§ﬁing a

C e

smal | incision fimisH hag@enea (b)) inserting a. 1% 1 ockwi se
di ssector bl agggd nto the fnciEPSEEE§53F8€3%?ﬂga??u%ﬁnﬁﬁe#heﬂinﬂddinn;t4

produce a counter-clockmﬁie channel ; and 20 (c) ihserting_a cl ockwi se
di §sect or l%l ade into thd Dncrsmmung\dtm@t@ﬁa,&gel tcd}lﬁcé%vgg%yt Oron):r oduce a

it in the oppos;te-direétion. e

Of e e’

inserting_a}counter—clockwise dissector

X incision and rotating it counter-clockwise

¢ produce a counter-clockwige channel; and B
inserting a clockwise disgector blade into

20 - - (e)
ise to produce a

blade into the

the incision and rotating it clockw
clockwise channel. |

s | :é, Ihe mgthod of claim 6 further comprising
. nserting a clockwise probe inte the. -

clockw;se channel and a counter-clockwise probe inté th

counter-clockwise channel to gee if the channels meet -

i 8. The method of claim ¢ wherein the

30 i ' (
clockw;se and counter-clockwige dissector blades hav
arcs of between 170 and 240-°, )

9. The méthod of claim 7
wherein th
do not meet, further comprising: e channels
35 *



" clockwi ge:&hamnel. 7.:uTheurerhod of ol af m& faurthen comprivsihg - 25 (d)y— .. .
i'nserting a clockw se. probe into the.- clockw se channel_and a
-.count er-cl ockwi se probe into the counter-clockw se chanfiéls SHEEFQEAd Beg
-channel s neet. 8. The nethod of claim6 wherein the 30 {cl ockREReancEM
count er-cl ockwi se di ssector bl ades have arcs of between 170 and 2z26—S—
The nethod of claim?7 wherein the channels do not neet, further
conprising: 35 . THI' S SHEET HAS BEEN REPtACED (e) determ ning which of
t he. clockwi se or counterclockw se channels is the | ower channel by

visual |y observing; the prepbesdet{domih Vi he.probes; s (g) inserting a
cl ockwi se or CO@6ﬁﬁ%é£%$F%#%f§% ctﬁgh%§ggﬁgﬁggét%$-t??n?;??ﬁ¥£%ﬁm9rw:hannel
dependi ng on wh th?eiilt e | ower gﬁé‘ﬁ‘ﬁ P L& the kowekwihanmel daunt er -

cl ockwi se channet® ¥ fRfenvdng, thleopkabes; or counter- clockwi se; and 10
(h) renoving the channel @bnne@h@bthg ERbabidihgd t i N the opposite

direction. 8..0. The neth )ofiﬁgg%g1 further conprising (i) inserting a
cl ockwi se or counter-cl ockwi s& 19 rclefkwide eomcernter-elockhg shover
channel depending EﬁkmﬁaFﬁéFtPﬁéinbmethghhﬂnaich&hhb% depek 'ag QR counter -
cl ockwi se chanW&eties thbaubngrféhaﬁﬂémﬂqﬁ:%ﬁeoel gguntercloc se until the
channel s neet elodRivibe! BRanhh il $hy Channe connector P8t 8FeSOURBEAd to the
i nci sion; 20 gggc&k% removing t a9 FTMadinghaknelockwheet or dyuntetating it
~in the op gsite FFEePPon3741. The nethod. of claimi wherein the 25

- bioconpattbBle material is$hhn reidaitld VHY RALAER cbil9:acad i, 1€, Method of
cl aim 6 wher ei i\tti’lﬁ the opposite direction. ctorxr Zb}’ rotating |

10.  The method of claim 9 further comprising
. (1) inserting a Clockwise or counter-clockwise
finish channel connecter into the lower channel deperiding -
on whether the lower channel ig the clockwise or éounte :
clockwise channel and rotating.ituc16ckwise'or ' o
counterclockwise until the channels meet or unﬁil the

.

1S5

(k) removing the finiéh. necto:
. _ channel connector b
rotating it in the opposite direection. ' i

s b - 11. The method of claim 1 whereih the |
iocompatible material is ap intrastromal coerneal fing.

" .12. The method of glaim-s wherein ther
locompatible material is an intrastromal corneal ring.

Ny | _ | .
N - 13. A kit for uge in producing an intrastromal
annel for insgerting a biocompatible material into a

corneal stroma of an eye, said ki
t co .
. combination: : ‘ . mprising in packaged

N, (a) a clockwise dissector; and
(b) a counter-clockwise dissector.



o

" bi oconpagi pl @s yayeri abwiis;@ngi nt rastrgnmgl '-qe@’r-grgem--—'-lémiin’gpa@@o Ad8.-A kit for . _
‘use in producing an intrastromal channel for inserting bi oconpati bl e
material into a corneal stroma of an eye, said kit conpliTHISGHEET PASRER

-conmbi nation: (a) a clockw se dissector; and 35 (b) ‘a coufter - RERLKOESE

=

dissector. L8 9avuliyl Ut 1t d. .. _- ... . . T -~ T
gqa-~"2Z--.._.aullJ paAl Oa TH S SHEET HAS BEEN REPLACED -27 14. The
H29- a cl ockwi se channel connector;

kit of claim13, further conprising:
and (d) a counter-clockw se channel connector. 5 15. The kit of claim 14,
connector; and (f) a

further conprising: (e) ggcClo | fini sh channel
count er - cl ockwi se finish gﬁ nngﬁgnggﬁn €t%i;iﬁ1}%iif“HFQQKiFoubribah§¥13,
(c) atl oR ket ekphashesharmul (cbnneceewnt ghgcl ockwi se

further conpri sing: (
robe. 17. The kit of clafdl 148 dountes- QBN {SHaN G a_c) ockw se
0 ﬂf%en%ﬁfﬁ£§%(3éfafﬁ¥35; further

“probe; and (f) a counter-clockw se probe. 18. The
nd 20 (h) a counter-cl ockw se probe.

conprising:s (g) a clockwgse obe;, a
&5 ﬁ‘siéi @fs sdator 14 ofuntRet NeHMPALE] Q9. an

19. A cl ockw se or countﬁéécl
intrastromal corneal charf®l faorcldcksdeki Banaghi of i ferid into a
i QHR?%dpJ\’M&?% o4 @9 ci ous

ol ymer . 20, Thargissact o ot ol 5 AR RBr M ReE neLnEp chnne bl o mater | o
"is an intrastrona eEorne’al ring. 30 21.. The dissector of claim19 wherein

the |ubricious polyner is selected fromthe group consisting
. 10 i '
16. The kit of claim 13, further comprising:
(¢) a clockwige probe; and
(d) a counter-clockwise probe.

s ;7. The kit of claim 14} further comprising:
, | (&) * a clockwise probe; and
' (£) a counter-clockwise probe.

;a. The kit of_ciaim 15, further comprisin§=
) (9) a clockwisge probe; and
o . (h)  a counter-clockwige probe.

for o ;9. A clockwise or couﬁter-clockwiae dissector
; se in Producing an intrastromal corneal channel for
.5 :qerting a bilocompatible material into a corneal stroma
©f an eye, said dissector bein
coat : i '
iy g ed with a lubrieious

Siocom t'::. The dissector of claim 19-wherein the
patible ma 1 '
Ny - terial is an in;rastromal corneal ring.
lubet '21. . The dissector of claim 19 wherein the
: ricious polymer is galectad frem the group congisting
:i & polyHEMA hydrogel, cross-linked collagen, croes-
; : nked'hyaluronic acid, siloxane gels, polyvinyl
5 pyrrolidone and organic-siloxane gels



<

"of a polmkﬁmabxgr OQEJIH,ILC]I’U®$§ Tinked gcpog | agenz-—cr o881 ;iammkoaq hyal uromic.. ...
acid,- si l oxane gels, polyvinyl 35 pyrrolidone and organic-sil oxane gels f

Y= - TH S SHEET HAS BEEN REPLACED -~8. 22. A depth Q?Hiéé
-use in determning the depth of an incision produced ip e

ngEN
stroma, said gauge conprising: (a) an upper fork with & _
5 lower edge; (b) a lower fork with an upper edge and a |ower edge; and
(c) a gap between said upper and | ower2Berks; wherein the ease of
insertion of corneal tissue at the 10 .incision into the gap wll
det ermi ne whet her the corﬁﬁal i thlcker or thinner than the gap
width. 15 20 35¢e3Rina0. \ H%ESF ‘BEEqauRePEREERSe- 38 23: - A
met hod for produ0|n A Tht PR 1SR °ﬁ:ﬁ@nﬁ@hiﬁopnlpseaﬁbaa anbtgeonpati bl e
material into tf 8’“‘% S rfseroms v csraid)fgaagee)tgm §§bgn§et hod conprising: (a) _
cutting at |east one smal{a) NGRS RReirNEQ Qr EE neal strong; (b)
inserting a8 coundwdz Juyekwi se di ssector EI ate"i AP oUBReY ofdge hemad anci si ons
and rotating it b)

lower edge; and
(c)

a lower fozk with an upper edge and a

whared & gap between gaid upper and lower forks;
x¥eln the ease of insertion of corneal tigsue at the

10 i
. incision into the gap will determine whether the corneal
tissue is thicker or thinner than the gap width.

15

20
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35



“counter-iEldckwi £ to prQducie Ja count &l-gl gekwigse Thanngds :{)—tnserti-ng—=a - —
cl ockwi se di ssector blade into 10 one of these incisions and rotating it
.cl ockwi se to produce a clockw se channel; and (d) intqoyuetae— : -
_-bioconpatible material into the clockw se and counter gﬁﬁ%%ﬁfiﬁﬂﬂﬁdﬁﬁ@l
15 24. The method of claim 23 wherein the clockw se ake—eeutter®EPgockwi e
bet ween about 100 and 240. 25. The nethod of claim

channel s have arcs of
23 wherein the 20 channels do not neet29-26. The net hod of claim23 wherein
i nci sion. 25 27. The net hod of

step (a) - includes cutting only one snal
one snmall incision. p (a) 30 351

claim23 wherein step cuttiyNg RORG.{H3NeOn producing an intrastromal
channel for inserting a biocompatible material into the
corneal stroma of an eye, said method'comprising:
(a) cutting at least one sm
all incisio
s the corneal sgtroma; " ince
ke (b)  ingerting a counter-clockwise dissector
. ade 1into one of these incisions and rotating it |
counter-clockwise to produce a counter-clockwise channel;
o _ (c) inserting a clockwise digsector blade into
- one of these incisiens and rotating it clockwise to
produce a clockwise channel; and
{d) introducing biocompatible materia) into the
clockwise and counter-clockwise channels.

15 ' ' '
_ .~ 24. The method of claim 23 wherein the
clockwise and counter-clockwise chanhels have arcs of
between about 10° and 240-°,.

. . 25, The'method of claim 23 whereiﬁ the
| 20 channels do not meet. -

_ 26. The method of claim 23 wherein step (a)
1ncludes cutting only one small incision.

25 tho
) 27.. The method of claim 23 wherein step (a)
ncludes cutting more than one small incisieon.

30

35



