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METHOD FOR I1 9 INSERTING A BIOCOMPATIBLE MATERIAL NTO THE-STROMA Field the
Invention Thin invention is a surgical method and device for inserting a
biocompatible material into an intrastromal passageway to permanently alter
corneal curvature. The device and method allow fox the placement of the
material in the optimal position for maximal visual correction. .
Background of the Invention Anomalies in the overall shape of the eye can
cause visual disorders. Hyperopia ("fareightedaeee") occurs when the
front-to-back distance in the eyeball is too small. In such a case)
parallel rays originating greater than 20 feet from the eye focus behind
the retina. In contrast, when the front-to-back distance of the eyeball is
too large, myopia ("nearaightedneas"? occurs and the focus of parallel rays
entering the eye occurs in from of the retina. Astigmatism is a condition
which occurs the parallel rays of light. do not come to a single point
within the eye, but rather have a variable focus due to the tact that the
cornea is aspherical and refracts light in a different meridian at
different distances. Some degree of astigmatism is normal, but where it ie
too high. it must often be corrected. Hyperopia) myopia, and astigmatism
are usually corrected by glnseea or contact lenses. Surgical methods   -2
for the correction of such disorders are known. Such methods include radial
keratotomy (see e.g., v.s. Patents No. s. 4,815,463 and 4,688,570) and
laser corneal ablation (see, e.g.) U.S. Patent No. 4,941,093). Another
method for correcting those disorders is through implantation of polymeric
rings in the eye's corneal stroma to.charrge the curvature of the cornea.
previous work involving the implantation of polymethylmethacrylate (PIMA)
rings, allograft corneal tissue, and hydrogels is well documented. One of
the devices involves a ring design that allows a split ring to be inserted
into a channel dissected in the stromal layer of the cornea using a
minimally invasive incision through which the channel for the implant is
created and through which the implant is inserted. U.B. Patent No.
4,452,235 to Reynolds describes a method and apparatus for corneal
curvature adjustment. The method involves inserting one sad of a split end
adjusting ring into the cornea of the eye and moving the 



'. ring in a circular path until its ends meet. The ends are thereafter
adjusted relative to each other until the shape of the eye has assumed a
desired curvature whereupon the ends are fixedly attached to maintain the
desired curvature og the cornea. PCT Application No. pCT/US93/03214 filed ~
April i993 desesibes a corneal vacuum centering guide and dissector for use
is inserting an intrastromal corneal ring ("iCR"). The device is made of up
of three major aomponentos a vacuum centering guide, a barrel that f its
within the inner bore of the centering guide and to which is attached the
third major component a circular dissecting ring. The three components are
further described below. The vacuum centering guide has a support base that
has a proximal end, a distal end and a center   -3 section. The center
section has a wall with a generally cylindrical bore with a central axis.
The central section extends between the proximal and distal ends of the
support bags. The cylindrical bore has a retie of length to diameter of
between about O.25:1 sad 15:1. An annular vacuum chamber located at the
proximal end of the support base is adapted to create an annular vacuum
apace when placed against the eye. The barrel and dissector blade assembly
is used in connection with the vacuum centering guide in order to produce
the circular interiameilar pathway within the corneal strom The barrel fits
within the inner bore of the centering guide. The dissecting ring is
attached to the barrel in such a way that when an eye Burgeon twists the
barrel, the ring moves through the interiamellar space in the stroma
producing the desired channel or pathway. A drawback to prior methods to
produce an intrastromal channel has been the inability to control ' the
depth of the pathway since the disgeator blade tended to create a nonplanar
channel. A new method for producing a snore planar channel is described
herein. Summary the Invention The present invention provides far an
improved method and device for producing a desired channel or pathway in
the interiamellar space in the corneal stroma for ineerting a biocompatible
material to permanently alter corneal curvature. In one aspect, the
invention is a method for 'making a channel its corneal tissue to
facilitate inserting a biocompatible material into the corneal atroma of an
eye. The method involves (a) cutting a small incision into the corneal
atromas (b) inserting a clockwise or counter-clockwise dissector blade into
the   



incision and rotating it clockwise or counter-clockwise to produce a
clockwise or counter-clockwise channel; (c) inserting the other of the
clockwise or counterclockwise dissector blades into the incision and
rotating it clockwise or counter-clockwise to produce a clockwise or
counter-clockwise channels and optionally (d) inserting a clockwise probe
into the clockwise channel and a counterclockwise probe into the
counterclockwise channel to see if the channels meet. Another variation of
the invention involves rotating one or more of the counter-clockwise or
clockwise blades so to produce channels which do not meet= e.g., by
rotating the dissectors by less than 18o. This variation also includes
beginning the two or more semicircular channels at two discrete incision
points. This permits placement of intraetromal corneal Tinge or partial
rings or other biocompatible material in less than 36t increments and at
specifically defined locations. In the variation in which the channels
meet, the biocompatible material is inserted 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 chancel by overlaying the probe tips sad 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. it clockwise or
counterclockwise or until the dissector 14 observed to break through into
the upper channel and (h) removing the dissector by rotating it in the
opposite direction. If the breakthrough into the upper channel has
occurred, the biocompatible material is inserted into the aye.   w~r , If,
however) the ch~tnnsle still do not meet and such is desired, xKe method o
the in~rerrtion Further involveas ti) ins3erting a claekwis~r ox
counterclockwisa i.nish chenne7. connea~ar into ~he~ lawar charsael
dpending can whether the lower channel. i the clockwise or
counterc3.ockwiee channel and rotating it clockwise or countc:rclockwf.se
until the channels meet or until tha finish channel cv~sne~ctiag
inotrumer~t rotates around to the entzy incision; and t~? re~tovirig the
finish channel connector lay rota~i,ng it in the opposite poeiti~on. The
biocompatible material is they ins~srted into the eye. Tn another aspect,
the invention ie a kit useful fox inserting sn intrastromal corneal ring or
other biocompatible ~ cns~ter~La1 into fihe corneal. s~troma of an eye. The
kit coniprisee~s (a) a clockwise diesectorj (b) a counter-clockwise
diseectort (c) a clockwise channel connector; (d) a counter-clockwise
channel conneceor; (e) a clockwise Finish channel connectorf If) a
counter-clockwise finish. channel connector; tg) a eloc:kwiee probe; and
th) a counter-clQckwiae probe. F~r~,e~ Desc.~i8tien c~ t~ D~,wi,~nas-,
Figure x ie a drawing showing tha horizontal section of an eye. Figure Z ie
a drawing showing the horizontal section of the anterior portion of an eye.
Figure 3 is a front prspeetive view showing the radial incision marker and
its relationship to the . eye during use. Figure 4 ie a aide view showing
the incision 



blade. Figure ~ ie a side view showing the gap gauge. Figure 6 is a Front
perspective view showing the application of vacuum to the circumeorneal
vacuum ring.   6 Figure 9 is a front perspective view showing the insertion
of a counter-clockwise dissector blade into the corneal etroma.~ Figure B
is a front perepeotive view showing the insertion of a clockwise dissector
blade into the corneal stroma. . Figure 9A shows a top view and Figure 98
shows aside view of the insertion of clockwise and counterclockwise probes.
Figure ZQ ie a front perspective view showing the insertion of the ICR in
the intrastromal channel. Figure 11A is a~eide view and Figure lib ie a
bottom view showing the vacuum guide. Figure 12A is a side view and Figure
i28 ie a bottom view showing the radial incieioa marker. Figure l3A and C
are side views and Figure i.38 ie a top view showing the counter-clockwise
dissector. Figure ~3D is a side cross-section view of the counter-clockwise
dis$ector. Figure 14A is a side view and Figure l48 is a top view showing
the clockwise diaaeetvr.~ Figure 15A is a side view sad Figure i58 is a
bottom view showing the clockwise probe. Figure 16A is a aide view and
Figure ~6a is a bottom view showing the counter-cloclsWi$e probe, Figure
17A ie a aide view and Figure l7H is a top view showing the clockwise
channel connector. Figure ~.sA is a aide view and Figure 18B is a 



top view showing the counterciackarise channel connector. Figure l9A is a
side view sad Figure i98 is a bottom view ehowing.the clockwise finish
channel connector. Figure 20A is a side view and Figure 20H ie a bottom
view rhowing the counter-clockwise finish channel connector.   po~r,~ntion
o the znven~~ ' Prio~c to explaining the dataile of the inventive method
and ~;c~vicea) a short .cplanation of the physiology of they eye is needed
to appreciate the functional relatiunt~hip of the device to the eye. Figure
1 -sbt~w ,a .harizor~tal ection of the eye with the globe 1~. of the eye
reser~bli.r~g a sphere with an anterior bulged sphesica7. portion
repre~entlng the cornea 12. The globe 11 of the eye consists of three
concentric coverings enclosing the various transparent media through which
the light must pass before reaching the aeasitive retina la. 2'he outexmost
covering ie a fibrous protectiv9 portion, the posterior five-sixths of
which is white and opaque and called the sclera l3, and sometimes referxEd
to as the white of the eye where visible to the front. The anterior
one-sixth of this outer layer is the transparent cornea 7.2. k middle
covering is mainly vascular and nutritive in function and is Goc~prieed of
the choroid 14, ciliary body 16 and iris 17. 'xhQ choroid Z~ generally
functions to maintein the retina 7.8. The ciliary body 16 ~s involved in
euependiag the lens 21 and accommodation of the Zeal. The iris i~ is the
moat anterior portion of the middle covering of the eye sad is arranged in
a ' frontal plane. =t is a Chin circular disc corresponding to the
diaphragm of a camera, and ~.a perforated near its center by a circular
aperture called the pupil 19. The 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 focus by diminishing spherical
aberration. The iris 17 divides the space betvre~n the cornea 12 and the
lens 21 into an anterior chamber 22 and posterior chamber 23. The   -8
innermost portion of covering ie the retina l8, , consisting of nerve
elements which form the true receptive portion for visual impressions. The
retina 18 is a part o! the brain arising as an outgrowth from the
tore-brain) with the optic nerve 24 serving as a fiber tract connecting the
retina part of the brain with the fo~~-brain. A layer of rods and cones,
lying just beneath a pigmented epithelium on the anterior wall of the
retina serve as visual cells or 



_ . photoreceptors which transform physical energy (light) into nerve
impulses. The vitreous body 26 is a transparent gelatinous mass which fills
the posterior four-fifths of .the globe li. At its sides it supports the
ciliary body 16 and the retina 18. A frontal saucer-shaped depression
houses the lens. The lens 21 of the eye is a transparent biconvex body o~
crystalline appearance placed between the iris 1.? and vitreous body 26.
Tts axial diameter varies markedly with accommodation. A ciliary zonule 2?)
consisting of transparent fibers passing between the ciliary body i6 and
lens 21 serves to hold the lens 21 in position and enables the ciliary
muscle to act on it. Referring again to the cornea 12, this outermost
fibrous transparent coating resembles a watch glees. =ts curvature ie
somewhat greater than the teat of the globe sad ia~idaally spherical in
nature. However, often it is more curved in one meridian than another
giving rise to astigmatism. A central third of the cornea ie called the
optical zone with a~elight flattening taking place outwardly thereof ae the
cornea thickens towards its periphery. Most of the refraction of the aye
takes~place through the coxnea. Referring to Figure Z, a More detailed
drawing of the anterior portion of the globe, shows the various   layar8 of
the cornea ~.2, the outermost layer,being the epithelium 3~.. Epithexial
calls on the surface Function to maintain transparency of the cornea x2.
Thane epithelial sells ax's rich in glyaogeiz, et~~ymee and acetylcholine
and their activity regulates th corneal corpuscles and cc~ntrole the
craneport of water and ,electrolytes through the 3amall.ae of the etroma 32
of the ce~rnea 12. Fan ~znter~.or limiting 3~amina 33, referred to ns
Bowman's mar~brsne or layer, is positioaett between the epithdlium 3Z sad
the stroma 32 of tho cornea. The etroma 32 is,comprieod of-lameila having
bands of fibrils parallel to each other and crossing the whole of the
cornea. while mo~rt of the fibrous bands are parallel co Ghe.surface, some
are oblique, especially anteriorly. A posterior liniting latniaa 34 is
zeferred to asp Descemet's membrane. It is a strong membrane sharply
defined from the stroma 32 and resistant tv pathological processes of the
cornea. The endothelium 3~ is the moat posterior layer of the cornea and
consists of a single layer of cells. The licabus 3~ ~.s the t=ar~sition
zone between the eonjuz~ctiva 38 and sclera 13 (See Figure 1) on the one
hand and the cornea 12 ors the other. ~' a Methsd a the Tnventio~n Figures
3-9 ehvw the method for iaeerting a bioeompatible material into the corneal
etroma. ~a this case the biocompatible material ier au intrastromal corneal
xir~g (xcRl. Other forms of biocompatible materials may be inmerted into
the cox~eal etroma, including but sot limited to relatively stiff (high .
modulue of elasticity) phys~ioloQicaily acceptable polymers such ae
polymethylmethacrylate (pMMA), TEFLON, fluorinated ethylene propylene
(FEP)) polycarbonate,   -10 



polysuifones, epoxies, or polyolelina such ae polyethylene, polypropylene,
polybutylene) and their mixtures and interpolymers. Hy "high modulue of
elasticity", ie meant moduli greater than about 3.5 kpsi. Many of these
polymers are known is the art to be appropriately used in hard contact
lenses. Any polymer which ie physiologically suitable !or introduction into
the body may useful in the inserts o! this invention. Many of the listed
polymers are known to be suitable as hard contact lenses. For instance,
Pt4uriA has a long himtory in ophthalmological usage and consequently is
quite desirable for,uae in these inserts. ' Additionally, the biocompatible
material may be low modulus polymers, e.g., those having a modulus of
elasticity below about 3.5 kpsi, more preferably between i psi and 1 kpai)
sad most preferably between l psi and 500 psi, which are physiologically
compatible with the eye. Most polymeric materials used in soft contact
lenses are suitable as the biocompatible material of this invention. The
class includes physiologically compatible elastomere and such crosalinked
polymeric gels as polyhydroxyethylmethacxylate (Poly-BEMA) or
polyvinylpyrrolidone (PVP), polyethylene oxide, or polyacrylates,
polyacrylic acid and its derivatives, their copolymers and interpolymers,
and the like as well as biologic polymers such ae croasiinked dextran,
croeslinked heparin, or hyaluroaic acid. =n many iustaacee, the
biocompatible material may be hybrid, that ie to say, it is made up of a
number of polymeric layers typically with a soft or hydratable polymer~on
its outer surface. These hybrid materials may be partially hydrated or
fully hydrated hydrophilic polymers that are typically slippery and
consequently may contribute to the case with which the insort may be
introduced into the interlamellar tunnel. suitable   hydrophilic polymers
include polyhydroxyethylmethacrylate (pHEMA), N-gobtituted acrylamides,
polyvinylpyrrolidone (PVP), polyaarylamide, polyglycerylmethacrylate)
polyeChyleneoxide, polyvinyl alcohol, polyacrylic: acid) polymethacrylic
acid. poly (N, N-dimethyl amino propylN~-acrylamide) and their copolymers
and their combinations with. hydrophilic and hydrophobic coc~onomers,
croeslinks, anc~ oth~x~ madiiere . ~Thormop3.aetic hydrogela include
hydropolyaarylonitrile, polyvinyl alcohol derivatives,
hydrophilia'polyurethanes, styrene-pvP block copolymers and the lika.
Figure 3 shows a radial inoieion marker (5Z) placed on the front of a
patient8 eye (54). The surgeon mazks the center of the cornea with a blunt
instrument using an operating microscope for fixation or another comparable
fixation technique. The radial incision marker (52) with centering reticle
(56) is placed on the cornea about the inpreseion previously made. A light
impreaeion ie made with the centering reticle to mark the - position where
the inc~,eion~will be made. The thickname of the cornea at the position of
the proposed incision is d~terminr~d using an ultrasonic pachymeter or
other depth measuring device. The thickness ie usually between about 0.65
and 0.95 mm. The incision will be made to a depth of about two-thirds of
the thickness of the oornea or between about 0.40 arid 0.50 nun, using the
incision tool t66) shown in Figure 4. The incision blade (6e) on the
incision tool (66) ie set e~uch that the blade i68) ie betwaen about o.40
cad 0.50 mm long, according to the measured thickness of the cornea.. The
incision blade '(68) is then positioned at the previously marked position
of the proposed incision and the incision ie made. The incision extends
through the epithelium and 8owmaa's membrane cad is approximately i-2 mm
long and between about 0.4o and 0.50 mm deep. The   -12 incision is on a
radius of the cornea. A small spatula which fits into the incision may be
used to make an initial separation in the inner lamellar layers at the
bottom of the incieior~ within the stroma., This ~~teas3ag~~ of the lamella
will facilitate the insertion of the depth measuring gauge (~0) (see Figure
5). A depth measuring gauge (70) tin this case, a gap gaugey ie irieerted
into the incision to detexmine if the depth is) in actuality, as desired.
if the gauge is easily inserted into the incision, the tissue is thinner
than the gap and if it cannot be inserted, the tissue ie thicker than the
gap. Once it has been determined that the incision extends to the correct
depth, as shown in Figure 6 the radial incision marker t52) ie placed
inside the central bore (48) of the vacuum cent,ring guide t50) ( and the
combination is placed on the front of the patient's eye (54) using the
centering reticle i56) on the radial inci$ion marker (52) to center the
vacuum centering guide (50) on the center mark previously made. At this
point, vacuum is applied to the circumcorneal vacuum ring (60) on; the
vacuum centering guide (50) through a vacuum Source line (58). The amount
of vacuum applied is between about ~o and 27 mm'Hg. The radial incision
marker (52) ie then rer~toved from the vacuum centering guide t50). It may
be observed that within the ' circumcorneal Vacuum ring (60) there ie g
alight bulging of the eye. This bulging of the eye contacts the vanes
within the vacuum chamber which helps prevent rotation or other movement of
the vacuum guide (50). with the vacuum centering guide (50) firmly affixed.
to the eye, the counter-clockwise dissector barrel (80) is introduced into
the central bore of the vacuum centering guide (50) tees Figure 7).
Alternatively) the procedure may begirt with the clockwise dissector (86)
shown in Figure 8. For purposes of the  



-13 following discussion, however, a procedure that begins with the
counter-clockwise dissector will be described. The counter-ol.ockwisr~
dissector blade ( 62 ) may form an arc of between A and 3s7, pxeferably
Eorns an arc of between about i70 and 240o and is ~rhown in the drawings to
form an arc of about 200, The dieector . blade (62) is introduced into ~.he
crnea through the incision in the cornea and rotated counterclockwise fn
this care past the 180 point, through an arc of aQproximately 200. the
disaectc~r blade (82) is then rotated cloakwiee and the blade is backed vut
of the inner subsurface lame~.lar tunnel it has formed. Next, the
c7.ockwiee dissector barrel t84) is inttoduced into the support base (nee
Figure 8). The dissector blade (96) ie introduced into the cornea through
the incision in the cornea and rotated clockwise ~.n this case peat the 180
point) through an~ are of approximately 200. If the channels connect, there
will be an abrupt decrease in resistance to continued _ dicection, if this
occurs, the dissector blade ie rotated counter-clockwise, the blade is
backed out of the inner subsurface lamel_lar turuiel it has formed and the
biocompatible material in this case, the ICR (i00) will be inserted through
the original incision and into the channel. (See Figure 10 and also Figure
Z.) . zf decrease in resistance to continued dissection ie not felt, a
clockwise probe (9o) (see Figuze 9A? is inserted into the clockwise
channel, If ' breakthrough occurred) the probe tip will eaaiiy rotate past
200 olockwiae rotation. Optimally, the probe will rotate past a00 and
clearly into the channel created by the counter-clockwise dissector. The
probe can then be wiehdrawn, the vacuum eased eo that the vacuum centering
guide can be removed, sad the biocompatible material, in this case the ICR,
inserted. Zf, however, the probe does   -l4 not touch rotate past 2o0, it
will be possible to determine which channel. the clockwise or the
countereloekwise channel is the lower channel. The clockwise and
counter-clockwise probes (90 and 9Z respectively? are inserted into the
clockwise and counter-clockwi$e channels, respeotively (see Figures 9A sad
a?. The lower channel ie determined by observing the position of the probes
at the point where their tips overlap. Once this has been determined, the
probes are removed from the channels by rotating them clockwise for the
counterclockwise probe and counter-clockwise for the clockwise probe. xf it
has been determined that the clockwise channel ie the lower one, a
clockwise channel connector with an era of between about 0 and 360,
preferably of between about 240 and 360 and in Figures 1?A and 8 shown to
be about 330 is inserted clockwiee.iato the clockwise channel and rotated
clockwise in a similar manner as shown in Figure a until it is observed to
_ breakthrough into the counter~clockwiee channel or until it has rotated
330. If the channels a.~ connected, there will have been an abrupt decrease
in reaietaace to continued dissection, tf this ie the ease, the clockwise
channel connector is then rotated counter-clockwise and removed from the
clockwise channel. The vacuum is then eased and the vacuum aenteriag guide
(5O7 shown in Figure 6 is removed. The biocompatible material, in this case
the lcR, can be iaserted.~ tf the channels do not meet, a clockwise finish
channel connector with an arc of between abaut~36Q end 51D, greterably
between about 38Q and 450 and in Figures t9A and H shown to be about 4O0
will be inserted into the lower, clockwise channel and rotated clockwise 3n
a similar fashion as shows is Figure a until the lower channel conneote
with the upper chanaol, or until the finish channel corar:eetor tip rotates
through to  



the entry incision. Channel connecting may be determined when an abrupt
decrease in reei,etaace~to continued dieseceion ie observed. Once the
clockwise and counterclockwise channels have be2ri Gor~nected) the Finish
channel connector is removed and Che vacuum is eased. The vacuum centering
guide (50) shown in Figure 6 can then be removed fre~a the eyo arid the
biocompatible matorial inserted. If it has been determined that the
counterclockwise charutel is the lower one, a counter-clockwise channel
connector with an.arc of between about 0 and 360, preferably of between
about 240 and 360 sad in Figures 1eA and 8 shown to be about 330 ie
inserted counter-clockwise into the counterclockwi$e channel and rotated
counter-clockwise in a s~.milar fashion as shown in Figure 7 until, it 3e
observed to breakthrough into the clockwise channel or until it has rotated
330. If the channels are connected, there will have been an abrupt decrease
in resistance to continued disaectioa. Tf this is the case, the
counter-clockwise channel connector is then rotated clockwise and removed
from the counterclockwise channel. The vacuum is eased and the vacuum
centering guide (50) shown in Figure 6 can then be removed from the eye.
The biocompatible material, in this case the ICR, can now be inserted. If
the channels do not meet, a countercloekwise finish channel coruiector with
an arc of between about 360 and 5i0) preferably between about 380 and 450
and in Figures l9A and B shown to be about 400 will be inserted into the
lower) counter-clockwise channel and rotated counter-clockwise in the
matuZer shown in Figure ~ until the lowr chanxiel connects with the upper
channel, that is there 18 an abrupt decrease in resistance to continued
dissection or until the finish charusel cor~rrector tip rotates through to
the entry incision.   -ls Once the clockwise and counter-clockwise channels
have been eontseeted. the finish channel corusector' is removed. The vacuum
is saaed~on the vacuum centering guide (50) and it is removed rom the eye.
Next the biocompatible material, in this case tho ICFt (100) may be
introduced into the intraetromal channel in the clockwise direction or, in
the direction of the~channel connector ig one was used. The ends of the
zCR. may be joined using techniques described in the patents discussed
move. As was noted above, this invention also includes a variation of the
procedure outlined above in which the counter-clockwise dissector barrel
(80) is rotated, after introduction into the cornea, less than 180 but more
than 10 or an arc, and the clockwise dissector is rotated leas than 180 but
typically more than ~o~) The two dissectors may be introduced into separate
incisivna. More than two non-intersecting channele~may be produced in this
way. These smaller channels are or the purpose of introducing smaller arcs
o biocompatible material into the cornea for the correction of) e,g.,
astigmatism, T~.1~~~~:..3Av n ion Figures 4, 5 and ll-ZO show the devices
useful in the method of the invention. The incision !or inaertion of the
dissector blade$ is made with the incision tool (ss) shown in Figure 4. The
incision blade (681 is o~ a size and configuration that slivws the blade
(68) to enter the cornea at a depth and angle suitable for cutting a
precise~depth into the corneal etroma. After the initial incision is
complete, a small spatula may be inserted into the incision to separate the
lamellar layers at both side$ of the bottom of the incioion. The lower fork
(i26) o the gap gauge (70~ Shown in Figure 5 is then   



~~7_ inserted down into the lamellar separation. The gap gauge t70) has
upper and lower forks t.25 and 126 respectively?, tho diatazce from the
bottom edge of the upper ork to the top edge of the lows: fork (the gap)
being rom about 0.39S co 0.525 mm. The lower foxk t125) will be placed into
the lamellar separation to determine the separation depth. If the corneal
tissue ie easily inserted into the gap between the upper and lower forks)
the tissue is thinner than the gap and a deeper incision may be required.
If the corneal tissue cannot be easily inserted into the gap, the ti8eue ie
thicker than the gap. ~'iguree ilA and $ show the vacuum guide t50). The
vacuum centering guide t50) includes an annular circurncorneal vacuum ring
t60) at the end proximal the cornea and a cylindrical ar central bore t102?
extending from the end of the vacuum guide distal the eye t54). The vacuum
guide t50) typically contains a solid ring t103) that extends vertically
approximately the distance _ of one half of the diameter o the vacuum
centering guide t50). wall portions t104) extend vertically from the solid
ring t103) and support the other deviaea inserted into the central bore
t102) while ailvwing for excellent view of those devices and the eye. The
vacuum i$ brought in from vacuum source line (58). The ciroumcorneal vacuum
ring t6o) ie configured so that it meets with and seals to the front of the
eye rendering the vacuum guide t50)~xelatively immobile when the support
base ie applied to the front of the eye and a suitable vacuum is applied to
the vacuum source line t58?. The vacuum chamber forma an annular vacuum
apace against the front of the eye. The circumcorneai vacuum ring t60) ie
made up of Nn inner wall ti06) terminating on ito inside by the central
bore t102). The central bore ti02) im at least large enough to see the
entirety of the dissector blade ti.e, l31 in   -ie Figure 13A) as i$
discussed below) The central bore (~02) has an axis (lob) which
substantially coincides with the axis of the dissector blade. The outer
vacuum ring wall ,(108) desirably forms the outside o the vacuum centering
guide (s0). anterior to the circumcorneal vacuum ring (60) may be one or
more ridges (109) which extend down to the corneal aurlace when the support
base is attached to the guide. The ridges are positioned within the
circumcorneal vacuum ring (60) to prevent rotation of the vacuum guide i50)
during any surgical operation. The opening (i10) to the vacuum source line
(58)~is shown in Figure 11H. Figure 12A shows a aide view and Figure 128
shows a bottom view of the radial incision marker t52). The sighting
gortion (56) on the inside bore o 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 (62). Further, the radial incision marker
(52) ie used to center the vacuum centering guide one the eye. The radial
incision marker fits into the central bore (i02) of the vacuum guide (50).
Once the surgeon determiaee that the vacuum guide (50) is properly centered
by using the radial incision marker (52)) vacuum 18 applied through the
vacuum source line i58) on the vacuum guide (50) and its terminal opening
(7.10) in the circumcorneal vacuum ring (60) (gee Figures 11A and 8). Once
the vacuum guide (50) ie affixed to the front of the eye, the radial
incision marker. (52) is removed frost the center born (i02) of the vacuum
guide (50) and the counter-clockwise dissector barrel (l30) ie inserted
into the central bore (102) of the vacuum guide (50) (see Figures t3A and
e.) The dissector blade (i31) is attached to the diseactor barrel (130y Ivy
the dissector blade support srm (3.32). As the barrel (Z30)   -19 rotates)
it defines a barrel axis. The barrel axis (133) is coincident to the blade
axis (i,34) dimcuaaed below. 



Figure 13A is a aide view and Figure 138 is a bottom view of the
counter-clvckwiae dissector (129). The blade (131), in crvsesection, is
desirably rectangular (see Figure 13D). This permits a large amount of
material to be incorporated in the blade and yet form a substantially
revtangular path in the interlamellar spaces of the corneal strums. The
blade (131) is in the shape of a major arc of between about 0 and 360,
preferably between about 1~0 and 240, and shown to be about 2o0 having its
center the axis (134) as shown in Figure 138. The blade s major arc is in a
plane perpendicular to that.axie (134). The dissector blade (131) is formed
eo that the dieseetor blade support arm (i3z) is at an angle a of up to
about 90~ (see Figure 13C). The angle of the blade support arm (z32) to the
plane of the blade (Z31) may be a value of 0 to 90. xt is preferably
between 0 and 80, more preferably the angle is between 10 and 50 and most
preferably about 34 (t 5~) to the plane of the dissector blade. This angle
results in the dissector blade support arm (132) being generally
perpendicular to the cornea when it is inserted into the incision provided
for introduction of the dissector blade t130 into the corneal atroma. This
angle, although not absolutely critical, is desirable and has been found to
prevent tearing of the epithelium during the corneal operation. The length
of blade angle support arm (132) is suxficient that the entire dissector
blade (i31) ie visible through the top~of the dissector barrel during use.
The outer diameter of the diegector barrel (i30) ie slightly iesa than the
diameter of Che bore (102) of the vacuum guide (50), thus allowing for
rotation of the dissector barrel (130) within the vacuum guide (SO). The
overall   -2Q relation8hip of the sizes of the diameter of the arc of the
blade (i31) to the length of the dissector barrel, is desirably chosen so
that the ratio of the length to the arc diameter is between O.ZSsl and
i5sl~ specifically between 0.4s1 and 1:1, at Ieast about i:l and less than
about 3:i~ and at-least about 3s1 but lees than 15s1. Again. these ratios
allow ease of manipulation by the surgeon. The dissector blade (131) has
two other physical parameters that are believed to be important to the
effective operation of the vacuum guide (50) in providing as interlamellar
channel in the corneal stroma. Upon rotation of the dissector barrel (i30))
the dissector blade (13l.) must move in a path which is
substantially,plaaar. That is to say, the path of the dissector blade
(13i), a it moves in the corneal intrastromal lamellar space described
above, must not vary either up or down during the dissector barrel (l301
rotation. The distance ~a~~ chows in Figure 13C is a consta~st. The blade
(iii) can be considered to be in s plane which ie perpendicular to the axis
(134) which is in the center of the di$seetor blade (13l). Similarly. the
cone angle p shown in Figure i3D is preferably 112 (t 30). Again, this
permits the dissector blade (l311 to produce a channel which is . parallel
tv the lamella found is the corneal stroma. The cone angle Q may, of
course, vary a few degrees dependent cn such variables ae the geometry of
the ICR installed, the size of the~oye. The disaectox blade (Z31,) may be
made of a variety o materials including but not limited to metals such ae
stainless steal and other similarly strong and biocompatible taaterials,
and may be coated with a lubricoue material such a, but not limited to
poI~FIEMA hydrogal, cross-linked collagQn, cross-linked hyaluronic   -21
acid, siloxane gels, polyvinyl pyrrolidone, TEFLON) FEP and
organic-giloxane gale. The dissector barrel t130) having dissector blade
(131) on ito lower end ie introduced into the inner bore of the vacuum
guide (90). The leading edge of the dissector blade which blade may be
rounded and blunt so as not to tear corneal tissue is introduced into the
incision made by the incision blade and the dissector blade is rotated
clockwise ae shown. The dissector barrel is roCated between about 170 and
240~ in this case 200 clockwise in order to make a 200 channel. The
dissector barrel is then rotated counter-clockwise and removed. Figures 14A
and 14B show a side view and bottom view of the clockwise dissector (139).
As is shown, the dissector (i39) is constructed as described above with
regard to Figure 13 A-D but the dissector blade (140) is in a clvekwiee
rather than a counter-clockwise configuration. Following making the 200
counterclockwise channel described above, the dissector barrel (141) having
dissector blade (140) on its lower end is introduced into the inner bore of
the vacuum guide (50). The leading edge (14Z) of the dissector blade (140)
i introduced into the incision made by the incision blade and the dissector
barrel (141) ie rotated between about 170 and 240, in this cas 200
clockwise in order to make a 200 channel. The.diesector barrel (l41) is
then rotated counter-clockwise and removed. it is of course possible to
make the clockwise channel before making the counterclockwiae channel in a
similar manner to what has been described above. 



Figures i5A and 8 show side and bottom views of clockwise probe (90) and
Figure l6A and H show side and bottom views of the counter-clockw3ae probe
(92). The probes are designed such that the axes of the handles   -22 {1S1
and 152) are on the diameter of the portion o the probes (153 and i54) that
are inerted into the clockwise and counterclockwise channels of the eye.
The clockwise probe (90) is designed with a support arm t155) that has an
angle a as shown in Figure 15A or as decribed above with respect to the
dissector blade. The counterclvckwiee probe (92) has a support arm (IS6)
that is vertical as shown in Figure 16A. The arc of the probes may be
between o and 360, preferably between about 180 . and 360, and is shown in
the drawings to be about 200. Figures 17A and H show bottom and aide views,
t respectively of the clockwise channel connector (16o), and Figures 18A
and B show bottom and side views, respectively, of the counter-clockwise
channel connector (l51). The blades (162 and 163) and barrels {l64 and 165)
of the channel connectors are as described above with respect to the
dissectors, except that the arcs of the blades are between about 0 and 450,
preferably btween about 240 and 400, and in Figures 17A and B and 18A and 8
shown to be about 330. Figures 19A and H show bottom and side views,
respectively of the clockwise finish channel connector (170), and Figures
20A and 8 show bottom and side views, respectively of the counter-clockwise
finish channel connector (17i). The blades (z72 and i?3) and barrels ` t174
and 175) of the finish channel connectors are ae described above with
respect bo tre dissectors, except that'the area of the bladoe are spirals
of between about 360 and S10~ preferably between about 38o and 450 and
shown iu the drRwings to be about 420. This invention hoe been described
and exemplified in come detail. Those having ordinary skill in this art
would recognise variations and equivalents which would be well within the
scope of the invention disclosed herein but perhaps outside the soope of
the   -23 appended claims. It is applicanta~ intention that these
eguivalent variations be included within the scope of this invention.   



-24 s. A mothod !or producing an intraetromal channel for inserting a
biocompatible material into the corneal atroma of an eye, said method
comprising= (a) cutting a small incision into the corneal stromal (b)
inserting a counter-clockwise dissector blade into the incision and
rotating it counter-clockwise to produce a counter-clockwise channel; (c)
inserting a clockwise dissector blade into the incision and rotating it
clockwise to produce n clockwise channel. 2. Thn method of claim i, further
comprising: (d) inserting a counter-clockwise probe into the
counter-clockwise channel and r~ clockwise probe into the clockwise channel
to see if the channels meet. 3. The ~r~ethod of claim l wherein the
cloekwiee and counter-clockwise dissector blades have arcs of betwen about
1~0 and 240. 4, The method of claim 2 wherein the channels do not meet,
further comprising: (e) determining which of the choekwiae or
counterclockwise channels is the lower channel by visually observing the
probes; (f) removing the probe; tg) inserting a clockwise or
counter-clockwise channel;connector into the lower channel depending on
whether the lower channel is the clockwise or counterclockwise channel and
rotating it clockwise or counterclockwise; and (g) removing the channel
connector by rotating it in the oppoite position. '   r 



-25 S. The method of claim 4 further comprising (h) inserting a clockwise
or counter-clockwise finish channel connector into the lower channel
depending on whether the lower channel ie the clockwise or counterclockwise
channel and rotating it clockwise or counterclockwise'until the channels
meet or until the finish channel connector rotates around to the incision;
and (il removing the channel connector by rotating it in the opposite
direction. s. A method for inserting a biocompatible polymer into the
corneal stroma of an eye said method comprising: (a) cutting a small
incision into the corneal stroma; (bl inserting a counter-clockwise
dissector blade into the incision and rotating it counter-clockwise to
produce a counter-clockwise channel; and (c) inserting a clockwis diBeector
blade into the incision and rotating it clockwise to produce a clockwise
channel. 7. The method of claim 6 further comprising (d) inserting a
clockwise probe into the. clockwise channel and a counter-clockwise probe
into the counter-clockwise channel to see if the channels meet. _ 8. The
method of claim s wherein the clockwise and counter-Clockwise dissector
blades have arcs of between l~0 and 240. 9. The method of claim 7 wherein
the channels do not meet, further comprising:   -26 



(e? determining which of the clockwise or counterclockwise channels is the
lower channel by visually obmerving 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 ie the clockwise or
counterclc5ckwiae channel and rotating it clockwise or counterclockwise;
and (h) removing the channel connector by rotating it in the opposite
direction. 10. The atethod df claim 9 Further comprising (i) inserting a
clockwise ox counter-clockwise finish channel connector into the lower
channel depending on whether 'the lower charnel is the clockwise or
counterclockwise channel and rotating it clockwise or counterclockwise
until the char~~nels meet or until the finish channel connector rotates
around to the incision; and (k) removing the finioh channel connector by
rotating it in the opposite direction. 11. The method of claim 1 wherein
the biocompatible material is an intraetromal corneal ring. 12. The method
of claim 6 wherein the biocompatible material ie an intrastromal corneal
ring. 13. A kit for ue in producing an intraetromal channel~for inserting a
biocompatible material into a corneal stroma of an eye, said kit comprising
in packaged combinations (a) a clockwise diesectori and (b) a
counter-clockwise dissector.   -z~. 14. The kit of claim 13, further
comprising: (c) a clockwise channel connectors and 



(d) a counter-clockwise channel connector. 15. The kit of claim 14, further
comprising: (e) a clockwise iniah channel connectors and (f) a
counter-clockwise ~inieh channel connector. 16. The kit of claim 13,
further comprising: (c) a clockwise probe: and (d) a counter-clockwise
probe. 17. The kit of claim 14, further comprising: (e) a clockwise probes
and (f) a counter-clockwise probe. le. The kit of claim 15, urther
comprising: (g) a clockwise probes and (h) a counter-clockwise probe. 19. A
clockwise or counter-clockwise dissector for use in producing an
intrastromal corneal channel for inserting a biocompatible material into a
corneal stroma of an eye, said dissector being coated with a lubricious
polymer. ' 20. The dissector of claim 19 wherein the biocompatible material
is as intrastromal corneal ring. i. The dissector of claim 19 wherein the
lubricious polymer is selected from the group consisting of a polyHEMA
hydrogel, cross-linked collagen, crosslinked hyaluronic acid, siloxane
gels, polyvinyl pyrrolidone and organic-siloxane gels.   -ze 



22. A depth measuring gauge for use in determining the depth of an incision
produced in the corneal stroma, said gauge comprising: (a) an upper fork
with an upper edge and a lower edgJ (b) lower edge; and (c) a gap betweeiz
said upper and lower forksl wherein the ease of insertion of corneal tissue
at the incision into the gap will determine whether the corneal tissue is
thicker or thinner than the gap width. a lower Park with an upper edge and
a   _Z9_ 23. A method for producing an intrastromal channel for inserting a
biocompatible material into the corneal stroma of an eye, said method
comprising: (a) cutting at least one small incision into the corneal
stroma~ (b) inserting a counter-clockwise dissector blade into one of~these
incisions and rotating it counter-clockwise to produce a counter-clockwime
channel (c) insdrting a clockwise dieector blade into one of these inciaion
and rotating it clockwise to produce a clockwise channel; and (d)
introducing biocompatible material into the clockwise and counter-clockwise
channels, z4. The method of claim 23 wherein the clockwise and
counter-clockwise channels have arcs of between about 10 and 240. 25. The
method o~ claim 23 wherein the 



channels do not meet. 26. The method of claim 23 wherein step (a) includes
cutting only orre small incision. 27. The method of claim 23 wherein step
(a) includes cutting more than one small incision. .A.AL.AUY
.A9.AFU@.A&?.Ay.A .AS .AF9.A! .A&R.Ah` .Auf.A9AL .A,.AF` .As .A,U.A[.A.A
.A9?5.A5l .A%.A .A..A`).A9 CFJ 
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