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AN ELECTROSURGICAL PROCEDURE RECURVING THE CORNEA 

Eield of th_e ~pvention 

This invention iB a procedure for the 
correction of optical abnormalities in a human eye.. It 

involves use of an electrosurgical energy probe which rnay 
15 be of a specific physical conliguration as outlined 

below. This invention also includes suitable electrodes 
for perform.ing the not~d proceas. The process preferably 
utilizes a high frequency RF el4ctro-desiccation cr

1 

ablation device. The procedure involves the initial step 
20 of forming at least one accees site allowing access to 

the corneal volume behind the Bowman's layer. It (the 
access site} preferably i~ placed in the anterior surface 
of the cornea through and ending posterior to ~he 
Bowman's layer of th~ aye. The electrosurgical probe is 

25 then introduced ineo thg aoc@ss e!ee and, depending upor. 
the visual abnormality t:.o be eor"l:'~c;ted, the probe is 
activated to adjust the volume of the corneal stromal 
layers through ablation or desiccation. The shape of che 
volume desiccated or ablated is dependent upon the 

30 ··· aberration to be cmrreet.ed. For instance, if the cpt.ic:=.l 
aberration to be alleviated is hyperopia, a circul2r 
corneal volume reduction taking place about the outer 
periphery of the corneal mass may be accomplished. Iri 

other instances, such as for the treatment of 
35 ascis;ma~ism, certain smaller sections cf the peripheral 
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corneal volume may be shrunk. In certain circumstances, 
Bowman's layer may be cut to allow the curvature of the 
cornea to change after the corneal volume adjustment. 
These relief cuts may be radial, circular, semicircular 

S or any other form appropriate for the optical adjustment 

needed. 

Background of the Inyention 

Anomalies in the overall shape of the eye can 
10 cause visual disorders. Hyperopia ( 11 farsightedness 11 ) 

occurs when the front-to-back distance in the eyeball is 
too short. 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 

15 eyeball is too long, myopia ( 11 nea:rsightednesa 11 ) occurs 
and the f ocua of parallel rays entering the eye occurs in 
front of the retina. Astigmatism is a cond~tion which 
occurs when the parallel rays of light do not focus to a 
single point within the eye, but rather have a variable 

20 focus due to the fac~ that the cornea refracts light in a 
different meridian at different distances. Some degree 
of astigmatism is normal, but where it is pronounced, the 
astigmaciam must be corrected. 

Hyperopia, myopia, and astigmatism are usually 
25 corrected by glasses or contact lenses. 

Another methcd for correcting those disorders 
ia through.the implantation of polymeric rings 
Cintraatromal corneal rings or "ICR.'s") in the eye's 
corneal stroma to change the curvature of the cornea. 

30 - Previous work involving the implantation of 
polymethylmethacrylate (PMMA) rings, allograft corneal 
tissue, and hydrogala is well documented. One o~ the 
ring devices involves a split ring design which is 
inserted into a channel previou•ly diss~cted in the 

35 stromal layer of the cornea. A minimally invasive 
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incision is used both for producing the channe1 and for 
inserting the implant. See, for instance, the use of 
PMMA intrastrcmal rings in U.S. Patents Nos. 4,452,235 to 

Reynolds; 4,671,276 to Reynolds; 4,766,895 to Reynolds; 
s and 4,961,744 to Kilmer et al. 

Surgical methods for the correc~ion of such 
disorders are known. Such me~hods include radial 
keratotcmy (see, e.g., ~.s. Patents Nos. 4,815,463 and 
4,&88,5?0) and laser corneal ablation (see, e.g., U.S. 

10 Patent No. 4,941,093). 
There are other procedures for reshaping the 

surface of the cornea. Some involve surgery; others do 
not. Two patents dealing with the nonsurgical reshaping 
of the cornea are U.S. Patent Nos. 4,326,529 to Doss, 

15 et al. and 4,381,007 to Ooss. Soth of these patents deal 
with the use of radio frequency 9nergy to reshape the 
cornea cf an eye. These involve the use of RF probes 
which are introduced non-invaeively onto the cornea. 
They each involve an RF generating source which is placed 

20 on the anterior 11urfa.ce of the cornea and utilize saline 
solution to cool the co~neal surface as the radio 
frequency current enters the eye. The RF apparently 

hea~e various stroma within the cornea and thereby 
reshapes the cornea as a biological response to the heat 

25 produced by the RF. 
Other invasive ophthalmic surgical devices 

include u.s. Patent No. 4,805,616, to Pao, which patent 
describes a bipolar probe d•vice may ha used in 
ophthalmic surgery. The device is only described in the 

JO performance of ~nterior cspsulotomi~~. In chat 
procedure, a limb~l ineiaion i~ made and the active probe 
tip is inserted tletween the a.ntez·ior capsule of the eye's 
lens and the corneal end.oehelium. The anterior capsule 
i• sequentially coagi.1laee<t, .bl!corne.!!!i extremely frial>le, 

35 and than is removed hy rneeh'1m.ical penetration with an 
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additional mechanical device. No mention of treatment of 
a cornea is found. 

Similarly, two patents to Easley et al., U.S. 
Patent Nos. 5,201,730 and S,203,353, show devices for 
penetrating and working in the vitreous humor of an eye 
using combination s~ripping toola and aspirators. The 

disclosed instrument may also have a bipolar diathermy 
device with an exterior needle surrounding and coaxial to 
a fiberoptic member. The diathermy device is used only 

10 to coagulate bleeding vessels found en the retinal 
surface or beneath preretinal membranes. No mention of 
creating the cornea is mentioned. 

Two related applications, U.S. Patent 
No. 5,025,811 eo Dobrogowski et al., and S,174,304, to 

is Latina et al., show noninvasive methods for focal 
transcleral destruction of living human eye tissue. In 

general, these devices and their underlying.procedures 
involve the use of electric currents for ablating eye 
tissue, particularly the cilia:z:y process. Again, no 

20 mention of cornea treatment is aeen. 
This invention involves the introduction of an 

electrosurgical probe into the lay~rs of the cornea to 
modify local sections of tha~. corneal mass. 

There are a variety of electrosurgical devices 
25 known. Por instance, Hetzel, U.S. Patent No. 4,033,351, 

shows a bipolar cutting electrode for high frequency 
surgery. The eleecrode shows what is said to be an 
improved electrode deaign having a number of metal tips. 

U.S. Patent No. 4,202,337, to Hren et al., 
30 shows a similar electroeurgical device for cutting or 

coagulation. It has a nonconductive handle with a blade 
a••embly having a number of electrodes and an insulation 
member separacing the various ele~trode&. 

A aimilar and relatad patent to Degler Jr. 
35 et al., u.s. Patent No. 4,228,800, shows an 
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electrosurgical knife in which the blade assembly has a 
center electrode of specified thickness, insulation 
members secured to the center electrode, and a number of 
side electrodes secured to the insulation members. None 

S of these devices discuss.practice of a surgical procedure 
upon the posterior regions of a cornea. 

U.S. Patent No. 4,799,478, to Fedorov et al. 
teaches a device for the coagulation of biological 
tissues, preferably corneal tissue. The device disclosed 

io by Fedorov et al. appears to be merely a heating device 
with a manner of carefully controlling the depth to which 
the heater or coagulator is introduced. The device is 
said to be useful for coagulation of biological tissue 
and the concept of changing "the curvature" of "eye 

15 tissues, e.g., cornea" is noted. The patent mentions the 
need for high accuracy to reach the goal of "to carry out 
coagulation of the ey9 cornea to a specific depth. 11 

Although it is not clear what result Fedorov et al. 
wishes to obtain in this first patent, Fedorov et al. in 

20 U.S. Patent No. 4,907,587, mentions the use of thermal 
coagulation of the cornea along certain corneal surf aces 
to correct various op~ical aberrations in the eye. It 
should be noted that neither of these patencs suggesta 
the use of ablation or desiccation from the reverse side 

25 of the Bowman's layer to effect any change in the 
anc@rior corneal surface. 

Summary of .tho .lJlY..ent..icm. 
This invention is a method of altering the 

30 shape of the cornea, often, the anterior surface 
curvature of the come~. Th~ invention also includes 
certain electrosurgical p~obe configurations u~eful in 
this process. The procedure, in its preferred 
variations, does not entail significant surgical 

35 modification of the anter:l.or corn~al surface or of the 
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Bowman's layer of the eye, except, in certain situations, 
adding surface incisions to act either as a stress relief 
function er to provide access for the electrosurgical 
probe. 

An eleccrosurgical probe is a significant 
portion of this invention. It is used, preferably in 
desiccation or ablation mode,'to change the volume of the 
mass cf the cornea posterior to the Bowman's layer and 
found in the stroma.l regions of the cornea. By 

10 selectively modifying the volume of these regions, small 
amounts of che cornea may be controllably removed or 
shrunk and, upon removal of the electrosurgical probe 
from the cornea, the curvature of the anterior surface of 
the cornea will have changed and the refractive path of 

15 light entering the eye will be changed. As noted above, 
surf ace incisions may later be added to permit the 
anterior of the cornea, in particular, Bo~n's layer, to 
conform to the underlying corneal tissue removal (volume 
change), thereby allowing for change in anterior corneal 

20 curvature. 
The inventive procedure may be used for the 

creatment of hyperopia (farsightedness) or myopia. In 
this procedure, a small incision or access site may be 
made in the anterior surface of the cornea, which 

25 incision extends down through the Bowman's layer or 
chrough the 
the cornea. 
through the 

aclera and into the intrastromal volume of 
An electroaurgical probe, may be introduced 

incision and guided around within the corneal 
stroma from the outer periphery of the cornea. 

30 Activation of the electrosurgical probe in an ablation 
mode will cause vaporization of the regions of the cornea 
adjacent to the active areas of· the probe. Activating 
the probe in a desiccation mode will shrink or necrose 
the region of the cornea adjacent to che aetive areas of 

35 the probe. After an appropriate necroais, removal or 
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shrinking of material is accomplished, the probe is 
removed and the anterior surf ace then relaxes to conf crm 
to the collapse or shrinkage of tissue formed by 
electrosurgical treatment of the corneal stromal tissue. 

s In some instances, a modest incision in the anterior of 
the cornea may be desirable to allow curvature relaxation 
of the corneal anterior surface. 

Another pref arred procedure includes the 
alleviation of astigmatism by similar procedure. Small 

10 partial depth incisions may be made into the anterior 
surface of the cornea through Bowman's layer or through 
the sclara adjacent to the cornea to get under Bowman's 
layer, but not reaching so far as the posterior corneal 
surface or the anterior chamber. In a general sense, 

15 these initial incisions are made in the regions of the 
cornea or scl~ra to allow the electrosurgical probe to 
reach the corneal mass below the anterior surf ace which 
must be reduced to produce a symmetric corneal surface. 
In any event, an electrosurgical probe is then introduced 

20 chrough the incisions and a selected amount ot material 
is removed or desiccated to alleviate the nonregu.larity 
of the corneal anterior surface. 

Also aa a part of this invention are certain 
monopolar, bipolar, and seaquipolar electrosurgical probe 

25 design• which are especially suitable for producing the 
specific tissue removal patterns de•ired in thi• 
procedure. 

Brief oescript_ign Qt, the.~i.QBll 
30 Figure i ia a schematic illustration of a 

35 

horizontal section of the eye. 
Figure 2 is a echematic illustration of the 

anterior portion of the eye, showing various layera of 
t.he cornea. 
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Figures 3A to 31 show a schematic process for 
treacment of hyperopia using the procedure of this 
invention. 

Figures 4A to 4D show schematic diagrams of 
5 astigmatic and normal eyes. 

Figures S•ll A and B show top and side views of 
inventive circular RF electrosurgical probes. 

Figures 12-19 A and B show top and side views 
of inventive straight RF elec:"trosurgical probes. 

10 Figures 20 A and B and 21 A, B and C show top 

15 

(A and C) and aide (B) views of inventive disc and washer 
RF electrosurgieal probes. 

Figure 22 ah9ws a desired return electrode f cr 
the sesquipolar probe& of the other Figures. 

Figures 23 A-G are echematic diagrams showing 
top views of eyes wherein various processes for 
electrosurgically altering corneal curvature have been 
carried out. 

20 Dcscriptign of the Invention 
Prior co explaining the details of the 

inventive procedures and devices, a ahort explanation of 
ehe physiology of the eye is needed. 

Pigure l shows a horizontal cross-aeetion of 
25 the eye with the globe (10) of the eye resembling a 

sphere with an anterior bulged spherical portion 
representing the cornea (21) . 

The g~obe (10) of the eye consist• of three 
concentric coverings enclosing the various transparent 

30 media through which th~ light muat paaa before reaching 
the light-sensitive retina (82). The outermost covering 
is a fibrous protective portion the posterior five-sixths 
of which is white and opaque and called the aclera (13), 
and somecimes referred tc as the white cf the eye where 

35 
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visible to the front. The an~erior one-sixth of this 
outer layer is the transparent cornea (12) . 

A middle covering is mainly vascular and 
nutritive in function and is ma~e up of the choroid, 

5 ciliary body (15), and iris (17). The choroid generally 
functions to maintain the retina (18) . The ciliary body 
(16) is involved in suspending the lens (21) and 
accommodation of the lens. The iris (17) is the most 
ancerior portion of the middle covering of the eye and is 

10 arranged in a frontal plane. It is a thin. circular disc 
similar in function to the diaphragm. of a camera, and is 
perforate near its center by a circular aperture called 
the pupil (19). The size of the pupil varies to regulate 
the amount of light which reaches the retina ClS) . It 

15 contracts alao to accommodation, which serves to sharpen 
the focus by diminishing spherical aberration. The iris 
divides the apace between.the cornea (12) and the lens 
(21) into an anterior chamber (22) and the.posterior 
chamber (23) . The innermost portion of covering is the 

20 retina (18), consisting of nerve elements which form the 
true receptive portion for visual impressions. 

The retina (18) ia a part of the brain arising 
as an outgrowth from the fore-brain, with the optic nerve 
(24) serving as a fiber tract connecting the retina part 

25 of the brain with the fore-brain. A layer of rods and 
cone•, lying just beneath a pigmented epithelium on the 
ante•ior wall of the retina serve as visual cells or 
photoreceptor• which transform physical energy (light) 
into neZ"Ve impulses. 

30 The .vitreous body (26) is a transparent 

35 

gelatinous ma.aa which fills the posterior four-fifths of 
the globe (11). At its sides it supports the c:l.l-iary 

"body (16) and the retina (18). A frontal saucer-shaped 
depression houses the lens. 
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The lens (21) of the eye is a eransparent bi­
convex body of crystalline appearance placed between the 
iris (l7) and vitreous body (26). lts axi&l diameter 
varies markedly with accommodation. A ciliary zonule 

5 (27), consisting of transparent fibers passing between 
the ciliary body (16} and lens (21) sa:r-ves to hold tha 
lens (21) in position and enables the ciliary muscle to 
act on it. 

Referring again to the cornea (12), this 
10 outermos~ fibrous transparent coating resembles a wa~ch 

glass. Its curvature is somewhat greater than the rest 
of the globe and is ideally spherical in nature. 
However, often it is more curved in one meridian than 
anocher giving riaa to astigmatism. Most of the 

15 refraction of the eye takes place through the cornea. 
Figure 2 is a more detailed drawin~ of the 

anterior portion of the globe showing the ~arious layers 
of the cornea (12) making up the epithelium (31). 

An anterior limiting lamella (33), referred to 
20 as Bowman's membrane or layer, is positioned between the 

epithelium (31) and the •troma (32) of the cornea. When 
I refer c.o the "corneal mass," I mean the various stroma 
(32) between the Bowman's layer (33) and the Descemet'a 
memarane (34). The corneal atroma (32) are made up of 

25 lamellae having bands of f ibrila parallel to each other 
and crossing the whole of the cornea. While most of the 
fibrous bands are parallel to the surface, some are 
obliq\ie, especially anceriorly. A posterior limiting 
lamella (34) is referred to as Deacemet'• mall\brane. It 

JO is a strong membrane aharply defined from the stroma (32) 
and resistant to pathological processes of the cornea. 

The endothelium (36) is the most posterior 
layer of the cornea and consists cf a single layer cf 
cells and function t~ maintain transparency of the cornea 

35 (12) . These epithelial cell• are rich in glycogen, 
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enzymes and aceeylcholine and their activity regulates 
the transport of water and electrolytes through the 
lamellae of the cornea (12) ~ The limbus (37) is the 
~ransition zone between the conjunctiva (38) and sclera 

s on the one hand and the cornea (12) on the other. 
There are a variety of different eleecrical· 

surgical delivery probes which would be suitable in this 
invention. In general, there are ~wo distinct 
electroeurgical delivery probe types: the monopolar 

10 probe and the bipolar probe. An in-between 
electroaurgical conf igu.ration applicable to this 
invention also exists and is known as sesqu.ipolar. In 
each instance, some section of the human body is used to 

complete a circuit between one pole and the other. In 
15 the monopolar probe device, there is a single active 

contact which ie inserted or otherwise contacted with the 
human body and it is the site at which some body 
activity, e.g., deaiccation, ablation, necrosis, 
fulguration, or the like, takes place. To complete the 

20 circuit in a monopolar device, there must be another 
contact which is inactive and placed against the body in 
a location from the active contact. By "inactive" is 
meant that only an inaignif ~cant temperature rise occurs 
at that contact point. One such method of insuring that 

25 the inactive elect.rode is in fact "inactive" is to make 
it quite large in area. This causes the current to 
spread over a large area for completion of the circuit. 

A bipolar electrode typically has two equ.al 
area active electrodes contained in the same electrode 

30 probe-handle structure. Thia symmetric bipolar electrode 
design produces a significant temperature rise at both 
electrodes. 

In a monopolar or sesquipolar configuration, 
only one electrode has an area of tissue contact 

35 producing significant temperature rise. Unlike the 
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monopolar configuration, however, the sesquipolar return 
electrode is not so remota, and thereby limits current 
flow through the body to the nearby return electrode. 
The return electrode area in the sesquipolar 

s con!iguration electrode is usually at least three times 
the area of the active electro~e and produces lit~le or 
no tissue effect. In aome designs, the eesquipolar 
return elec~rode may be found on the electrode probe­
handle structure while on other designs it may be 

10 separately located in a non-remote region of the body. 
There are a variety of effects that may occur 

depending upon the eleccrosurgical mode desired. For 
instance, there are both high temperature and low 
temperature desiccation effeces when the active 

15 electrosurgical probe contact{&) are used to promote 
tissue desiccation. The resistance of the tissue in 
contact with che active probe electrode o~viously varies 
with the tissue temperature and water content of the 
tissue. A low temperature desiccation effect involves 

20 heating such that the temperature-time product causes 
tissue necrosis with little immediate denaturation or 
discoloration of the tissue. A high temperature 
desiccation includes heating tiaaue near the conducting 
probe contact to approach or slightly exceed 1oo•c. In 

25 the low temperature variation of this procedure, there is 
a transient decrease in local tissue impedance with 
little drying of tissue. But in the high temperaeure 
variation, there are significant increases in local 
tissue impedance and also aignif icant in local tissue 

30 desiccation. 
In the ablation mode, the electroaurgical 

energy density delivered largely cauaea the tissue near 
~h• probe contact to vaporize. The temperature at ehe 
electrode/tis•ue interface ia increased significantly 

JS paat the point of steam formation. The effect of 
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.electrical reaistance varies during a.specific radio' 

. frequency·· (R.Fl cycle and · ~l,thoµgh there is. sparking, . 
carbonization is not uaual.ly ai;nificant and the effects 
of .. the device ·are relativ•ly r'-p.:l.d. · 

~lect:roaur9ical . a_blation and cutting_ preduce an 
effect where a thin layer of tiesua :Ls vaporized 
{cutting) or where_ a. lar9e;-·seccion of tissue :Ls 

. vapQr~zed (ablation>. ··The_ line· between 11cutting11 and 
11 ablation" is not always clear·.· 

10 . . . . In the procedure .. · $pecified below as the . 
. invention, a. p~e~91:rable prpcedu~e for· this invent.ion is 

· · via th• ope;r:'ation. of· electrcsurgical probes operated in 
cuttl.ng, abl.ation, or desiccation mode. Herein, when I 
~fer· to the tezin· 11 \'0lume ·change" or ••volume · 

is · modif·:ication 11 when :ref erri:ng to the material in the 
corneal ma.a, I -mean the·corneal mass.is either·:necrosed, 
desiccated,· or abl~ted. 

It ·-is: quite rare t~at the cur~enc flow through 
•·_the device is nc. ··'!'he cu:r,:ent is typically a very high :ao · ~reaquency . .aJ.tern.ating current; typically i:n the range of 

. · soo Hertz oz- more. .· Addi~ionally, the RP eru!!rgy is often 
delivered ;Ln a pulsed or ina more continuous, non-pulsed 
operat·ion depending on the .e~ct'. ef f ecta deai:recl. Some 

·residual·heat:l.ng ·will take place no matter which course 
25 is t.a)cen. 

Withth!a l41tngt.hyba.cJcgrQund. in place, please 
.. ref er to · :Pigurea .. ·~A th;-ough 3J). .. Thie series of f .:l.gu.2.6es 
aho:we, in .a_chematio · faahion. one procedure fo:i:' treating · 

· hyperopia (.f~:raightedneaa), ~ia, or aatigmatiam. This 
30· lichematic procedure shows features which may :be common to 

.. all of the.: proceaaes of , this . invention. . Generically, the 
•procedure inc:lud~s-the step of producing one or more 
i:ncisiona,often t:owards the periphery of the cornea. Th••• inaie:l.ona. penetrate Bowman'• layer in the anterior 

.35 . . sµr;f'.ace _of the cornea 11nd extend down int.o I •• def in•CI 

". 
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-_abe>ve, "_ehe corneal mass or corneal volume. 11 I also 
__ contemplate t~t- the electroeurgic;al- probe may be 
_inserted int~ the corneal volume without penetration of 

_ the anterior _ surface cornea, · • .g .• , by access through a 
s partial depth i·n¢ision made in the sclera next to the 

corne•. - In any event, if an. ariterior access partial ·­
_depth iziciaion is contemplated, an optional step at·this 

.po,int may be the insertion of a_non-electrosurgical 
-_-_ lamallar .separator to Sep~rate th~ various Strom.a 

10 lamellae within the co~e~ ac the.depth of ·the entry 
·_ incision. - This allows -the. subsequ•nt step o:f .inserting 

. . . ' . . 
. the_. electrosurgical probe to·-_ take _ place- -with greater 

.:·:·-

ease.. 'l'he probe itse_lf may serve .the function of 
· _ · 1ntralamellar aeparator, if so. desired. The 

.15 : electroil'IJ.rgi~ai cprobe ·.ia .introduced into the· atromal 
"···· _ · lamellar .. cavity so produced.. Depending upon the design 

of the.insert.edelectroaurgical·probe and_ on the 
ref:ractive .effect_ ·desired, the .probe is mo'1ed inside the 

· intralamellar apace previously _·formed and activated to 
20 •· : deeiccate. or aplat.e specific geometric regions of ~he 

• .-cornea. -. Des~ra;bly~ _after. the completion of -the corneal 
volume .ablation or.deaiccation step, the curvature of· the 
corneal surface ia then.ineaaured. • .-The procedure may be 
l:'epeated if in&'1ffic;ient correction has occurred. If 

25 needed,· Bowman's layer and a 1111\&ll amount o~ underlying 
-, atromal tissue may be lightly cut on the anterior surfac.• 

adjacent ta a:r &hove the •ite .of. the volume reduction to 
allo~ the anterior corn•al surface to change~ __ 

__ _ _ . Jleturning .to the •P•oi1:ics of Figures 3A to JD, 
30·· - Figure lA _show• an eye (100)· having a pupil C102> ud a 

35 

.-- c9rnea (104). l~ th~ outer radius of cornea (_106) .:l.• -
.·found t:wc? small partial depth inciaiona (106)- which have 

" ... 

-been cut ~h~ough BOwmit.ft 1 ·a layer into ,the corneal ma8s as 
ahown :Ln -Figu~ee 1. and 2. · --Thalia inc18ion• may be _cut 

. oil 
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;-adia:J.ly or·circumfarentially and, are shown for 
discussion purposes to be radial-. . --

it should be understqod, however,.that although 
two access.partial-depth incisions (106) have been 

5 .- • · porcrayed in. Figure· _3A~ :- t,be ·number of such access sites 
:.. (106) .is not- import~t •. - If _a· sami:..circular lamellar · 

- -

separator (108) as shown in .rigure 38 is uaed1· then the. 
_,_. · number .of· ac_ceas sices C106) may be ·desirably two in 

· .n,umber .. If. lamellar separators of· aborter a:rc. seg1Rerits · 
10 are .. used, more -numerous slit_s may be desired. If a 

·_*early .circular· lainellax- separator ·or··elactrosurgical 
probe. is used~ a aingie accea8. site (106) maybe 

... · . ·. . . . . . . . 

sufficient. 
· Figure _3B. shows the introduction of the 

15, : -- optional .dissector blade or. lamellar separator {l.08) to 
_separate the l~mella.foundinthe cornea. The separator 
{108J is rotated until a ci;-cular channel :ls made in the 
corneal periphery, and i& rotated.back_ out.of-the eye. A 

__ •imilar pr:oced.~e takee place Qn ·the other ac~ees si ttt-. as 
20 shown in ·Figures 3~. and,·· 3B. -. Figu~e 3C shows the 

-- -ins•rtion -of -an· ei:ectro•urgical _ p_robe into the route . 
:formed_ 41 the intra•tromal :tegion shown in Figure 3a. 
The prc>Q~ may b~ . en.rgized foll.owing complete insertion . . . . . . . 

__ or may .be energized; in a atop, move a:nd activate mode. 
25 •. ~he step o_f reft\Qvin9 -.nd/or ahri:a.Jc.ing tiaaue :Le continued 

until auff :Lcient tiaaue ha• ~~en ablated or deaiccat.ed to 
achia~ the -- des.ired z-efractiv• eifect:11. 

,· 
Figgre_3D shows· the.eye (100) after complecion 

-: ·.of t~ ablation procedure. It . may he desirable to place 
30. · · a amall stitch (112) in any acceea a:Lte (106) in the 

.corne• _to -ensure: healing Qf the acceas site and minimize 
:the ;potea.ntial .. for infection. . Figure 3E show• t:,he eye 
(1001· following reliet-_cuts· (114) that may be neceaaary· 

·:Ln soma :lnetances to allC)W the anterior corneal surface 
lS to more cloeely conform· to the underlying eomeal tis•ue 

... ;" . 

· __ · · Rec.elved Ti.me.- ·23. Feb. _6-:36_._: __ 
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·. removal (volume change) tl?-ereby allowing for greater 
change in anterior corneal. curvature. 'l'heae relief cues 
may-be circumferential as shown or they may be. :radial 

•' depenciing.on the desired refractive effect. Fu::c:ther, the . . . . . · relief· cut·s may b~ con;inuoua . or may he interrupted as 
shown. ·In any case, these cu.ta:.will :be ahallow cu~s such 

· that. they penetiate Bcwman.':s layer and possibly a. portion 
• · of the uncierlyi,ng . corne•l sc:roma. · 

The.above-description generally indicates the 
method of the present invention. Specific. probe.· 
configuratio~a and·methcd of creatment will be deacri.bed 
in.the·Bxamplea' l)elow. 

It ahould·be apparent from the description 
above,· that; the step of desiccating, necroaing er 

·. ablat~ng the.·· ti.slue .from.. within: the . corneal: mass . lessens 
the volume of that· ~sa in spe·cific :regione of the 
cornea. conseq\lently, the anterior sections cf the 
cornea will become flatter.or steeper and will.alleviate 

. the impr:oper · previous refraction of light. Some of the 
· 20 · ... pos*ible·· changes in corneal thielcnesa .~ their· 

~•la~ionahip. to the radius of curvature of the central 
corneai surface. are described in:Jo11 Baraguer; ·P9th@r 

.·of Hodom Bef:r;agtiye Keratgpla1tv, in Refractive and 
· corneal surg,zy, Vol. 5, May/iJ'une 1989, pagea 177-193, 

·· 25 · .· which is h•reby .incoq»orated J:)y.·· :reference in i t:a 
entirety. Thia paper describ•• the ea-called "Law of 
Thickneas" which indicates that whet\ corneal volume is . . 

reduced in the• periphery, central . 'corneal ·at;eepeft.ing 
·· . occurs. and. when a . volume of tia11ue i• removed in the . . . . . . . 

30. · center, .central corneal flatteaning occurs. The. inventive. 

·35 

. ~ ·. 

electroaurgical.method and devices aim to reduce corneal . . . . . . volume· in controlled geC)metrJ.c are~s of the corneal 
st:roma to.achieve r~fractive correction,. 

The method an~ devic=ea of the present: invention 
may also .be. useful· :in ;the treatment of astigmati.sm. 

____ '"""·.Je c e iv ed. Ti ID~~--"':?3~. Feb. · 6: 36_· --·---·- Pr ln t Ti me 2 3. Feb. ? : 0 9 
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Astigmatism occura,· generally,. when the cuxvatureof the 
anterior surface.of the.cc;,:;r:nea·is not regul~r as one 
passes about . the .meridians.· on . the anterior surface of th• 
cornea resulting in a steep and flat axis (the a.stigmatic 

· . S . •xis) . ·.· i'igure . 4A and.·· 4B .. are , achematic perapec.ti ve vi.ews 
·. ·that show.·an. a•tigmatic and normal eye., respectively. In 

an .as~igmat.ic eye·~ two· axes are· generally· identified, · . 
. c:orreapcncling to. the ·steepest (120> and· flatcest c122>. 
-axis of curvature. . The steepef$t axis ··is •lso known as . 

10.. :the .axis of astigmatism· ('120) • · . To. correct·· astigmatism 
·. using this _invention,. one .. must-_ flatten the cuzvacure of 

... ·.: the a19tigmatic axis ·such .that . the cornea becomes .. . . . . . . 
· _. · :reaaoQ&l:ily aynunetri<:al and more spherical . Jl'igure 4B 

. -•hows. a no~l· eye, tha.t. is, 'one -~n which the curvature 
15 .. · of .all axes are ·the same. · Figures. 4C and 4D shew ... 

·•chemat.ic- t.opog:r:-ap.hical curvature maps cf an astigmatic 
·and o:f a non-astigmatic eye, respectively. In Figure 4.C~ 

· reg;J.o~. 130 is the steep .region where as region 132 is 
flatter.·· 

Other·confi;u:tations of! access sites and· -
-· controlled removal of co;-ne•l· -- :tissue a:re apparent: • Th•••· 

will be·di~cuased for pa:rticular applications in the 
Bxaq,le.a below. Further1.I'.t·shou;ld be apparent ·to one 

- .epprecJ.ating.:the .4esi911 ~f such electroaurgical U' · 
25 ·p~~·, that t~·shape rie•d not be nearly circular. It 

may he, fl\Uc;h in the.same way.a.s.~re the lamellar 
separator• .(108) in Pigure 3B, that the probe• have· 
leaaer a~ - length or are ·· straight. for alleviating 
)lyperol)i&. ·· J:n . fact, for treating hyperopia or other 

, -. - .:30 _maladies, the probe may be -of any convenient shape 

.35 

· deaign~d to ablat•· the tia.atie. ·.&'.t: hand. Such shapes will 
he discussed in more detail below~ . . : . . Further it may be 

· noted that th• handles.· of the prabea may 1'e litraight ·or . 
bent. ·A bent _.handle may allow greater facility of u11e 
within ~he •mall confines found.behind an acceas aite as 

·Received T"ime · · 23. Feb ... -6:36 Print Time 23. Fe·b. 7: 09 
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·shown in the.above drawings. Addi.tionally, the 
_pr.ocedures anci devices o·f th~ preeent inventio~ may be 
us~ful.in the traatment·of· more .than one. indication, for 
·examp_le myopia and astigma.tiam ·or hyperopia and 

· 5 · · .. astigmat.is.m. 

10 

l.S 

'· ,· 

.20 

:l'iguras s-11 A and a show top (A) and aide CB) 
.view• of·· ci::r::cular . electro.surgical probes suitable for use 
in th• •c:hematic procedure descr:i.oed al::»ove. Figures SA 
and·aahow a. ci:rC:ular·R.I' ele~t:roaurgical probe with two . . . 

· active .sites tbat. operate in monol>olar or sesquipolar 
modes. The probe (200) includes a shaft (202) and two 
aQtive sites (204), each·:active site having an arc of 
less than. about iao 0 , preferably_ le.es than about 90.0 • 

Th~ s;i.ng"le source. of RF. energy. (206) is ,fed. in .through 
the insulator (208) .. making .up t1he probe l200) .. ,Figures 
SA and B .. show. a .. ci:z;ocular .RP elactroaurgical probe (210) 

: with a single active site (.2i2) at 'the tip. Again, the 
single source of RF energy c2·14) is ~fed in· through the· 

. insulator making up the.probe. Pigure 7A and ?B·ahow a 
·· c:ircular RF electrcsurgicai probe. (220) with a aingle . . 

active sit:e (222) · extend:lng·.the .length of the circular 
portion of the prObe. once.· morei the· single source of RF 
energy· (224) is fed in through the insulator (226) making 

· up . the pro):)t11. . Figures BA and B. s.ho\., a circular RF 
25. elect:r:oau:rgical. probe (230).With. tWo aetiV& aitea (232) 

· · ... near. _the tip -c;>f the probe that operate in bipolar 
:a_shion. Two aourcea of. RP energy (234 and 236) are fed 

··in t~cugh .the insulator (238) ·ma~ing up the ·probe. 
Fi·gurea 9A and.. B show a c.ircular RF electroaurgic•l p:r:obe 

. lO ·_. (2tO) . with. a_ single active. .site. {242) .. near the· tipf·:-·the ·· 
·active· :aite ,ab.own~ :in .Pigu:r:e<9A,.to. be on the top part of 

. · .. the~_pro};)e~. ;'·A· single scurc• of :.RP energy (244') is fed in 
· :through the· 1naulator · (246) • ~igures lOA and B and 11A 

and •~ow ot.her circular :RI' el•cn:raaurgical probes (250 
35 and. 260 respectively) witb single .active sites (252 and 

. $ 
,'. 

· .. ·1 
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262.respectively} near-~h .. tips Qf the.probes. A single 

source of RF energy (254 and .. .264)· is fed in through each 

pr®e· Fi~re 10B ahows the -.cti-ve site (252) to be . 

· .... locaced at the tip but •XJ>osed. on. one ·aide and Figure 119 . . 

· s .. showe .the active ~ite . (262) tP be ·located at the tip but . 
,• . 

. ,insulated .on· ttie top an4 thus exposed on one aide only. 

:Bothp~o.bes.depict.edin.Pigul:e& lO A .and B and.11 A and B 

.. · are designed. to contact t:isslie i~ either the forward or 
. . . 

retracting d.irt11ctiOJ."l to the ac:;:t.ive site on the probe, the 

10 , . ·retracting · d~rec.tion. · 
_Figu.z:e 12-19 A and B show top (A) and side CB) 

·.. . . views ct·. straig}it electro$urgical probes suitable for use 

in the ·achenu~tic:i procedure. d.asc:ril:l.ed al)ove. Figures 12A 

and. 9 showa a str•i~ht RF surgical probe (300) with a 
15. single ac::t:t.v:e ai:tet. (302) extending along the length of . 

th~ .p;rob ••. A single source of ·RP ·energy (304). ia fed 

through the pr()l:le •. Figures·13A and B show a straight RF 

electrosurgical probe. (310) with -two activ~ sites (312) 

.. 20 
extending along ·the length of the pr~"be that_ operate in 

bipolar fas!liQn. Two.111ou:rces ·of RF energy (314 and 316) 

are fed in throughthe.inaulato:r (318) making up the 

·-:._._;.·· 

. ·. ·. 

·.·.·. 

:25.· 

30 

· _probe. Figures .13-19· A and :B show ~ther straight RP 

electroaurgical probe• with s,ingl• active sitea near the 

tips of.th~ probes. Asingl~ aQUrce of !lP enez-gy is fed 

in t,h;oµgh each.p~~ •. ,igures.14 A and. :a show the 

·aQtive a_ite (322) t;o "be: locatec!-near the tip of the prObe 

(320) -~ ~-·top of.-the· probe auch that. th• ac:tive site.· 

· ... i• rai•ed and poizited in the retracting direction of the 
pr~be.· F.iguna 1SA&ndl!I s~ the active ilite (332) 

11imilarly located . ne11.r the t·ip . of the . probe . 'l'lie end of 
the pro))eia raised and.the active site (332) .is located 

en ti. raised part of. the ti.p .. pointing backwards, the . .. . . . . . 

... active site bein~ exPose4 on two sides~ Pigures 16A and 

. 35· 
B aim,ilarly show the active site (342) raised at the end 

of the pro):>e poin,t:l.ng1'ackwarda (340), but the active 

---..,..·· ..... ·· ~,...,...,.......r-__ "R.eceived T:ime~23. Feb. 6~36 .~-- ··-· Print .Time.· 
.·:··:•·:··. 

23.Feb, 7:08 



: ... 

: ... 

:·: 

~ . .· . 

-- WO ;5121571 - -PCf/US95/01613 

-20~ 

..... 

. site is irnbedded in the in•ulat.ing curve of the probe, 

thereby ~xposi~g-the active site-on one _aide only. . 
Figul:'e~ 17A and B sh.ow ~he active site- (l52) at the tip 

. cf a straight probe (350), the active site being exposed 

5 --•· . -.on C)ne side on. the tip portion alone. Figures 18.A. -and B 
_show the act:ive •ite (352). near the end C?f a straight 

. probe (360) • Thea pr.obe is broadened at the active site. 
- Fi~res -19.A and B -again show -~ straight R.F 
elect.rosurgical probe (370) with a curved tip, with the 

10 -active site. (372) '_again ·raised and pointing backwards and 
. slightly upwards.the activ• aite being exposed on one 

side·on the tip portion alone~ However, in this 
embodiment active site is angled such that a portion 
cJ1_4) -of the .. active site. (37.2) .. axtends beyond -the· cuZ"Ved 

is tip. . In this.-:d.eaign, . the .. ablat;Lon o:r desiccation takes · 
- ._place either .as the device is pushed forWa:rd ~r as it is 

pulle_d_ :backwards, or :retracted from the la~llar 
aepara~ion channe1. . Upon exposure to tissue and 

- . electrode· activaeion. the active ait_e will vaporize or 

:~o. · _ de~ic;cate the ti.ss~e. It may be Qesirable to provide ·a 
.second lamellar channel ·tO allow.for.the for the relief. 

25_. 

-·--of gases produced _.by the probe whe:n used in the ablation 
mode o~ to .inco:;porate groovea in the probe· por.tiona that 

.inaert i!'lto the-tiasue to allow.the escape of gaaea. so 
--_prod.uced. 

Figures_ 20 and 21 A .and B show top (A) and side • 
. (B) .view of RP .electroaurg4.cal ·disc and. washer pro]:)ea 
- (400 and 410 respectively) • A single RF energy source ia 
- fed, .. through:_ each probe. The· disc probe (ftOOl ia a 

30 ci~cular-:prob•· _with .a -circ.W.ar ·ac.tive ·aite (410). The 

. wa11her probe .{4.10) is a .. circular -.probe with a circular 

. active site (412) ·with a hollow middle (414). Each of 

3$ 

· ~heae prcb•s n_iay have a _flat· eurface as ahown in Pigurea 
- 20A _and 31A or -_may be C\lz:yed to conform to· the curvatu" 

• 

·ReceiHd Time 
' ·-

'· 23. ·Feb, 6:36 ·Print Time 23. Feb. 7:08· 

_; .. 



'.=··· 

; . . . 

'·." 

I: ... l 

. ·WO 9S/21571 · 

. • 

.·.· s 

.10 

15 • 

·of the cornea. The diec.ptohe: m~y have .a ·Wire loop 
·· ... surfac~. t41s1 ·as ·shown in -Figure 2{c . . . .. ·... '.· . . .. · . . .. . 

. The·. al)ove "cieac:ril:>e_d probes are useful in the 
particular eX&mpleil · _di.scu~se~. bel.ow. ·The Examples are 
illustrative only and are not.intended to limit the scope 
of th•· invention~·. PC)r the probes that have only one 
conducting·lead to deliver RF energy (i.e. ~apolar or 

.·. se.squipolar) ·a retu~ .. :electrode.· is necessary. In some 
i:nsitances this may·be·placed ramotely on the body.· In 
other ~aaea, tl.ie use· of a seaquipolar retu:rn electrode 
may be c:le;air~d -: u~ing a return el~ctrode that ia placed · . . . . ·. . . . 
.onto the 11cle7;'aor tranalimbal area of the. cornea. 

·• P:!:gure· 22 ·•hows a: deairablei manner. for placiJ!lg 
.·a aesq'liipolar r~u:urn . electrode 'on the exterior of the 
:cornea, ~r onto the •c:le~a (344). · Thia return electrode 

·. · may simply rest: on th~~ cornea. or sclera as shown o:r may 
be held in·_place :by .a. vacuu~ att:achmenc· ca'."'ity built into 
.the electrode .. · As noted -.bove, the area of this return 

.. -eleCt:rc>de . (342) where it contaC;:~e the eye ia without much · 20·. ·exeeption · .cO:J.atant·... B•cauae of its. signific:antly_· higher 
area aa compared to the active ti•111ue contacting . 

. ·electrodea deacri:bed. above 1 th• : tendency for the .return . . . . . . 

electrode (342) to heat to a a:l;g:nitic-.nt degree i.a 
minimized. :The .• eaqW.p0l~r alectrosurgic:al system 

· 25 - . deacriJ:)ed .i:>ove iit an·· embodiment of thi• invention that 
··can enhance the aa~ety .. of·· ~his ophthalmologic operat.ion •. 

Tb• following Exa&mplea.are· int•nd•d to describe 
particular emb04iment of· the 'invention l:Nt are.in no.way 
intendta.d to .limit.· .. ~h. in~ntion in any manner. 

·. 3.0 

.· . . . ·.·. J.ix•mplo 1. - Tbl Corr•st;ign· gf. A•tiqmatilJ!I. · 
ln_orde.r tQ correct the aatigmacic eye shown in 

,-igur~s 4A ea 4C 8Uch that it~come& mo:re aimilar to ·· J_S · that shown ·in Pigures •• and.· 4D, a process similar t·o 
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that descr_i . .bed ·above with regart! to Figures )A-3D is 
carr~ed out.·. A• .sho~ ·in PiS'ires 23A and 23C, radial or 
circumferential partia~ depth incisions. (500) ·•re made in 

. the·: periphery of the co~ea. A lamallar separator is . 
·inserted to create a. zone of. s'paratecl lameilae (502) and . . . 

· · ( 504) for the · inst!rtion of the electrical pre.be. 
Two ditferent·~pprQache• :are poa11ible to 

·.correct the a•tigmatic aye. . In the first approach shown 
. in. P:i.gura· 23C the. radial partial depth inciaiona a.pd 

: 10,. ~adial zone of separated"lmN11llaewill:be formed beneath 
. ·the -a~t:Lsm.a.tic axis (506). ·Following separation of the . . .. · . 

15 

lam.ell,ar tissue,· one of the straight RF.J;>robes shown in 
Figures ifi..;19-A and B: is insertedthrOugh the partial 

.depth incision (500). Th~ prObe is then activated to 
change the paracentral c:ornealvolume (508), that ia t~ 

. ·.· volume near the center of the cornea, by ablation of the 
tissue under ·the f igure-s·-ahaped astigmatism shown in 

.· Pigure _23A and 2lC. 'l'he choice of ltF probe design is · 
· .. depen~ent . on the. amount. of tissue . to be ablated. Once 

2.0. ·ablation i• completed,·· the probe is withdrawn. Relief . . 
·cuts on the anterior cornea may be necessary as described 
above to allow.the.surface of the cornea to conform to 
the -underl.ying ti11aue . remeval. In thi•· way, the staeJ;> 
astigmatic axis is_ ·flattened such that· the cornea becomes 

25 · J:easonable symmetrical and -spherical:. · 

30 

A·secozid·approach 1;.o.the treatmnt of an 
aatigmat:Lc eye :1.s to ateeJ;>en the .flat aatigm&tic:_axis aa 
shown .tn Figure 23~. ·. In this approach, ·the lamellar 
·separation zone will b49 ·formed. · ;Ln the periphery of. the 
cornea (502). The J;>&rtial df)!pth: incision .(500) is placed 

· · in the corneal. periphery, :beneath' the astigmatic .axia. 
· .· Folle>Wing ·separation· of the.lamellar tissue, one of the. 

circular RP prgpes shown in Figures s, &, e, 9, 10, and 
11 A •iid a, probes (200} ~- c21o>, (220), · (230) , (240) , 

35 ,(250) and (250) reapec:tive;J.y, .i• inaerted through the . 

__ .,.....__,__...,... .. - .. -_,... ...... : ...... -.~Received .Time~23. Feb.' 6:36..:. ... ---·~Print Time 2 3. Fe b, ·7 : 0 8 
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partial deptll, incision (500) . The probe is t.hen 
· activated 1;o change t.he volume _by .desiccation (probes 
· (200) ·' (2;LO), (230), (240), ·. (250) .or· (2SO·)) or by 

ablati.on (probes (210>, . (240), (250), or (260) ·) ·of the 
··.· s .· · tissue (501) tinder.the f;lat:·axis of astigmatism axis 

. . . . . . . 
(·507} as shown :t._n Figure ·23A~ Thus some pro.be · 
configurations can be used e~ther in the abla~e or in the 

· desiccation mode. Probe (200) :i!iil · ope:rated by inserting 
.it i~t.o the lamellar .t.issue,. activating it, deactivating 

10 ·it,. and then .removing: ·it.· l>robes {210l,. (230), (240), 

(25.0), .. and (260) .are. Ol)erat~d by inserting into the 
· · lam41ll•r tissue, activating, deactivating~ ·rotating to a 

·. · .. second. position to _be clesicc.atecl or ablated, activating, 
·. and then removing; Again, thet choice. of RF· probe design 

· _1s' • is ::-dependent on. the ·amount of t.;i.11aue to be ablated or 

.· .. : 

.. · .... ···. 

· d•siccated. once &bliltion or. desiccation is comp~eted, 
·the ,t:»robe is withdrawn.· Relief· cuts to t~e anterior 
corne~·~ay b• necessary as described above to allow t:he 

:su:rtace.c>f the co;rn~ato con~orm to the underlying tissue 
20 modificatj.on. · I~1. this "ay~ ·•the flat, astigmatic axis . 

(.507)- is steepened such t.hat_ the cornea becomes 
reasonable symmetrical .· and ai>herical. 

•x•inP1• 2 - Tb• correctien.gf Him•rgpi• 
··: 25 .. Inorcler.to correct hyPeropia a process aimi~ar 

·to thac ·4escrj,bed above wi-tq. regard to Figures 3A·3b i~ 

30 

.· •. 

--·-· ..............,_ ·.·.·-·.· .. 
. ~· .. _.· ·. . . 

, carried. out. As •hown in Figur.a. 238, 23D and. 23E, · 
· radial · or circumferential partial · depth incia:Lons ( Sl o) . . . . . . . 
are made . in the pe:r:iphery o,f th,e cornea. A lamellar 

, ··separator is inserted' ·to ··cir~a,te a lamell.ar pat;hway (512) 
for the inse~ion·ot the elecitri~al probe. 

'l'wo different approaches are:possiole to 
.correct the. hyperopic eye. In. the first app%'0ach, shown 
in Figura .. 23B partial depth incisio~s (510) are made in 
the pe;r~phe~al·cornea and a ci:rcwnferential lamellar 

lilililli1i111nr 
. •.•. . ...... ·· 
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.·separation zone C-512) will. be. formed beneath the corneal 
~urface. _Following .separation of _the lamellar tissue, 

. . . . . ·' ' . 
•one .of -the circularRFprobe11 abown in Figures 6-11· A and 
B . is inserted through the · pa_rt.ial depth incision ( 512) . 

·. s ··_The probe. is then activated to changie the volume by 
a.blation or des.iccation of . th~ tissue C 514 > .in the 
·channel. •- The ch"ice of .RF. probe design is dependant on 
.the amount of tissue to be ablated or deaiccated. Probes . 
(210) I (220L .. (230) I (.2~0L ·_ c2soJ and (260) will allow 

10. ·for.deaiccat~on of the c~nnel~· Probe (220) is operated . . . . 

~Y inserti,~ it into the lamellar tissue, activating it, 
·.·deactivating it, and then :z:emoving: it. The other ·probes 
are ope:r~ted J:>y inaertins· c.hem ._into the lamell•r tissue, 
activ•ting,·deactivating, rotating to a second position 

l.5. .t.o i)e al:>late4, activating, d~activating and repeating: 

... 20 

25 

.. ·this proces.• unt~1·. the entire. channel is deaicC•ted, and 
_than .removing it .. Prcl:>ea· (2-10), -(240), (2~0) and (260) 

·will a.llow for ablation of .the channel. The probes are 
oper~ted by itlaertion: into the lamellar tissue, 
acti~ation,·" deactivation, rotation to a ••cond position 
t~.be.ablated,·activation, and repeating until the entire 
channel· is ablated, followed by removal of the probe. 
Probes . (250) __ artd (260) can also be operated by complete 

·.·-.insertion into :the lame.ilar tiasue, activation,· 
~acti va~ion, pul·lins. paztially back· out of the tissue to 

·.a· •econd ·posi.tion to l>e ablat.eci, a~tivat:ion·,. deactivation 
and r~peti tion of this proe1H1s until the entire .channe1 . 

· · ia ablated,· f.ollow•d by removal of the ·probe. Again, 
relief ·cute in.the. anterior of the cornea may be 

30 .. · n•~esa-.ry' aa describeci-ab0ve to allow the surface of ,the 
-· cornea to conform to the underlying tisaue removal. In 
this way, the central corneal surface is steepened.such 

35 

. . 

-that the cornea_ cµ:r:irature .ia improved. 
A.aecond approach ~o the treatment 

bypa~opic eye is to uae a •traight RF probe. 
of a 
In th:l.11 
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second approach 2 or more partial depth incisions (510} 

.. ar• made i~ the periphery and 2 or. more radial lamellar 

·· .. separa~ion zon~s are formed as shown in Figures 23D and 

23E. Following ••pa.ration .of th~ lamellar tissue, .one of 

s ·the 11traight ~P·probea shown in. Figures 12-19 A and·B is 
. inserted . t,hrough. each partial depth· incision·· (510) in the 

· . l.amellar separation zonea (51~) and .(514). The probe is 
~then activat·ed co change .tha volume·.by ablation or 
desiccation of. the tieaue in·the channel. The choice of . . . . . . . . . . . . . 

10 U pr.obe design ia depen~nt · ~n the amount of tissue to 
be ablated or desiccated. Probes (300), . (310), (320), 

. (330), (3ifi0)., • (350), (360) and .. C370) will allow for 
· desiccation of t.he channel. .Probes (300) and (llO) are · 

'· operai:.ed by insertion into the ·1amel.lar tiasµe, 

15 activatien, deactivation, and th.en removal. Probes 
.. (320) I (330), (340) i (lSQ) ~ (360.) and (370) are"· operated 

by inserting ~nto the lamellar tissue, ac~ivating, 
deactivating, moving to a second position to be ablated, 
ace,ivating, deactivating·a~ repeating this process until . 

. 20 e:no~b. of t]1e channel is .4esiccatad, and th~n removing 
·t!ie probe. In thi.11_ way the. t.issue·~aiccated can either 
~orm .. a continUOl,J.S . path .. ( 516) .·· or·· C&n be i~tei:-ruptad points 

along the r•dial lamella_r 8eparat~on channel (518). . 

P~obea (320).- (370l ·will allow for ablation of corneal 
25 . · · voluu.e .inside the radial lamellar separation channel.· 

Probes (320), (340>, · (350)., · (~60). and (370) are. operated 

:t;>y insertion intQ the lamellar t;lasue,.activation, 

·.30· 

· deacti:va,ti~n, moving it ·further into the tiaaue to a 

.••C::ond posit~an to b• ablated, activation; and repeating 
un~il the entire channel is ablated, an4 then removal. 

· The s~me probes can also .. be operated by ~omplete 

irise:i'tion int·o ·t:.he .lameliar separation ·channel, 
·activation,cieactiva~ion, _"pul:Jring back out of the t:Lasue 
chann~l to a secon.d, p9aiti.cm. ·to be abla~ed, activation, 

35 ·.deactivation and repet1t.£,qn of• the process unt.il the 
.: .. .-:: 
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enough of the· ch~nnel is al>latfid.t follow~d .by ·removal cf .· . .. . . . . 

the pro:Oe •. "'9'ain, relief .cut• maybe .necessary in the 
anterior cornea·as described above to allow the .surface 
of. the .cornea· t.o conform. to the .underlying tissue 

~ . removal •.. · Xii t:his way, the corneal surface is st•epened 
centrally. such. that .the corneal curvature 111 improved. 

1x1uml• :i · ~- · "be · (,!grRction o:C . Myopia 
In order to.cor::rect;. .myopia the process similar 10 · to that de~cri))ad above with regard to Figures 3A""30 is 

carried out. ·.As shown in. Pigure11 23.F and 23Q, radial or 
' circwn:fere:n.tial· part.ial--~epth. incision• (520) are made in 

the periphery of the cornea. A · 1amellar separator is 
.i:ns•rted ·to cr1aate a· radial lamellar separat.:j.on channel 
(522) toward the ·center of the pupil for the insertion-of 

.the electrical probe. . . . . 

Por eorrectiQn of myopia, the l~mallar path 
{522) will be. formed \lnder·or near .the.central or 
paracentral· portion of the· CC)mea.· Pollowing separation 

20 · of. the lilm~llar· ·tissue, one ot the: straight RF probes 
·shown .in Figures 14"."1.9A and B or· the disc or washer 
probe• ahown · in· Pigurea 2.0-21. A and B ia inserted ch:rough. , the peripheral partial depth incision cs2o> into the . 

. 25 .. 
lamellar separation ch~l (522) .·The probe is then 
activated to.change"thevolume by at>lation.of the .t.iaaue 
in.the channel, the volume change (524> resulting from 

· the u•e of tbe diac-ahaped:probe (400) is shown in Figure 
~3F and· volume change (536) resulting from the uae of the 
wa•her-ahaped i».rob• (4:1.0) is shown in Figure 23G. The JO choice of RF p:rol)e deaignia dependent on the amount of 
.tissue _to. b• ablated.· Prol:>e• .(320) .• : (370) will allow for 
ablation· of.the channel~ The probes are operated by 
~naertio~ :into the lamellar.tiasue~ activation, 
deactivatipn,·· advancing ·the probe into the channel t:o a 

35 ·.second position to be ablated, act.:Lvat:ion, deactivation, 
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<repea~i:igthe·proceas until the entire channel is 
a=lated, .and. then the probe ~s removed. The .pro.bes can . . . . . . . . also be·operated by co:mplet.e:in•ertion into the lamallar 
&!Bpa;-ation channel, ·activation, deactivation,. pulling out 

s of the channel to a second position to be ablated, 
activation, deactivation and repeating the process until 
th~ entire channel is ilQJ.ated, and· then. the process is 
removed.· Probe.a (400) an4 · (410) are operated .by 

.insertion into th• lamellar separation channel (522), 
· 10 activation, deactivation and removal· from the· channel. 

A9'ain, relief cuts ·in.the.ant~r~or co:z:-nea may be 
·.necessary as described aboveto allow the surface of.the 

corziea to conform. to the underlying tissue removal. In 
. · this way, · the ·. corneal surface in the central · corneal area 

15 is flattened. such,,.that .the ... corneal curvature is improved.· .. 

The foregcing·examples of procedures and. 
devicess according· -to the preaent. invention are only 

20 ·representative -a.nd.aZ'.e nQt·meant.tt)·be in any manner 
.limit~ng .. Other- .eJDbodimenta, ·areas of appli~acion, 
Jn•thoda of use ()f the present"' i11~tion, within the scope 
of the claims .appended hereto, will be evident to those · 

.. aJcilled in .. this art. · Ot~er embodiments Qf the procedures 
2.5 ... ,_.:1.thoue· the aco:P• ·of· th• claim~ but .within the apirit of 

.· invention. described herein are . considered to be :·. . . . . . . .. . . . . 

equivalent to those proced~res ·.and devices claimed. 

,.;.,...,.--··-·-·~--,..:· .. -"..Recei:ved .. Time~·-·.;..23. Feb .... 6:36 .. ·._· ___ Print Time 23. Feb. 7: 07 
.. 

• 



-I, 

.:':. 

···.::. 

\ \11\11\ \l\ll\ Dl\l \\1\1 " \II\ * C L M S * 
W0.95/21578 . PCT/089~1613 

s 

· ..... 
--2.8-

I CUIMM MY INWNTIQI: 
1. · A. procaic;lura tor altering the shape · of the . 

· anterio.r corneal -surface of . an eye having a corneal mass 
posterior to the·anterior c~meal surface,· comprising the 
ste~a of; 

.init~ating at l~ast one access site into 
the corneal . mass posterior t.o B~n' s layer, 

introducing. through said· at least one 
· ... ac:cess ·site an 'electroaurgical. probe,. and 

.10· actuating saidelectrosurgical probe to 
modify the v~lume of the corneal mass adjacent to said 

· .electrosurg~c.al. pre.be .. 

2 • · : The procedure of claim 1 where the step of 
:LS mocl;i.fying the corneal maas is by •blati.on • . : . 

3 . Tha procedure of claim · 1 wh~re the step of 
_mod:Lfy:f,.ng t;he corn~a.l mass is by desiccation • 

. · ~o . ' . . '1'hi!!i procedur~ : a; claim 1 where the 

. ~5 

Jo: 

·. el•ctroau.:rgical .probe .is a bipolar· RP· electrode. 

· S. The procedure. of ·claim l where the 
electr<>surgic~l probe: is.a monopolar RF electrode • 

6.· The:procedure·of·clai.m_l where the 
alecti-oa\irgical .RF elect.z-ode :Ls used in a seaqUipolar 
con:iguration. 

· 7. · The .. procedure -of claim 1 where the ·· 
·· electroau:rgical . probe. is . in . the form a · circular· probe . 

. 8 •. · The:• prc~edura. of claim 1 where .the 
•l.ect:r0a~ical. probe foZ'llUI a circul~ probe of le•• than· 

35 abou,t 350°. 
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SI. The proce~\lre of claim 1 whez-e the 
. ~ . . 

mod~fication.of the v~J.ume of the.corneal mass is t.o 
· . correc:t bype.ropia .. · 

· s l.O. The procedure of claim l . where the 
modificati~n of .t:be volume of the corneal masa ie to 
correct hyper,opia ~r astigmatism .. ·· 

·. 
·. .. ll. . The procedure of . clai~ 6 . where· the · 

10 . mcd4.:ficatio:n .of the wluin~ of .:th~ corneal mass. is to 
.correct hyperopia, myopia or astigmatism. 

15 
. ·• . 

20 

12.. T_he pre>cedure. of claim l. additionally 
comprising ·the placement of a relief cut in at least. a· 
portion cf Bowman'· a la~er ~· 

13 . ··. The procedure of ·claim 1 where the 
modi:eicat.ion· of the volume of the corneal mass is to 
alleviate astigmatism. 

.·-.· .. 

14. The procedure of· claim 1 · where ·the 
mo~~ficationof the wluftl8 of the corneal mass is to 
correct myoi>ia. 

·2s 15. The proacadure of claim 14 where the· . . . . . . . ~ . . . 

. modification of the volume of the corneal masa takes 
place at or near the center o;f the cornea. 

30 
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. 16 .. · An electr.osurgical. probe comprising a 
. support.· .. end .. and. a circular cOJ:&tact end where .said contact ·. end compr.ises .at least one· active tissue concacting site, theac:ti~e~ite :L~ in:electrical connection with an . . . . . . . . . s ~nsulat::ed conductor residing ·With~n said contact enct and exte:ndin.$J to :the.support end.. 

. . . . . . 1 7.. ?:be elactr.osu:tgical ·probe· of claim 16, · · . said probe c;:ompri-sing two ,active. tissue contacting sites,· 10 .the active· sites being in electrical c.onnection with a a.i~gle in~~l~t~d conductor residing. within said contact end·and·extending·to the.support end • 

.. 
1a. The.electrosurgical probe o: claim 1&, .1s said probe compr~eing a single aQtive ti.asue ce>ntacting .site, said .. active s:lte ·.being· 1ocat•d in the tip of the . . . . ~ - ·' . . . . . 

· ci;rcular contact .end • 

. . 19 •· · ·The ·electro.surgical·. probe of claim 16, · . 20 . · aaid probe comprising a s~ngl.e ·active. tis11ue coni:accing site.wherein.the active _site comprises an arc cf less t:ban about aso.o. 

· 2 o • . . The ·electro_aurg-ical. probe of claim l.6,. 25 ····~~·pro~ compri-.ing two active tiaaue contacting sites that are each.in electrical connection with their own . . 
•eparat•. conductor re1111iding within aai4 contact eiid and · ,axt,encling · to the support e1:1«1. 

3 O 21. . The electroaurgica,1. · prob41 · of claim 16, 

·. 35 

. 11ai_d pZ'Qba oomprieing a . aingle active· tis~ue. contacting ... •ite. located near the tip of the contact and on the top portion of tbe probe. 
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·· · . 22. 'J;'he electros\1rgical prC>De of ciaim 16, 
.. said pr~.be. compr,ising. a .single· act:t.ve tissue contacting .· . site located near· the tip. of the contact end and raiaed 

· . and pointed.· in the retracting" direction of the probe. 

23 • An electrosurgicai probe comp~ising a· 
suppor~·encl·aild·a straight contact.end where.said .c~ntact . . 

. end_ comprises,·a~ least one active tissue contacting ·site, '· ·the active si~e· is in· ele~t:rical connection with a 
. lO . conduc:i;or residing within said cont•ct end arm and 

· eJr;tending to th• support end. 

24. .t.rhe electrosurgical probe of claim 23 , ' . ' said probe :compri~ing •. ·s,;ngle active t.isaue contacting 
i:s aite,· ~aid· active site. extending along the length of the 

straight co.ntac:t ·end .and·. located on the top portion of ·th.a • probe . · 

25. 'J:'he electrosurgic:al probe of claim 23, 
20 said.prob~ ·comprising a two active tissue contacting 

sites that are each in electrical connection with their own separate conductor rea1ding within said contact end · and extending to the auppcrt end. 

25 .. 26. · The elect.~oaurg:i.cal probe. of cla.:Lm 23, 
. sai·ci, probe cC)mpri11ing a .•ingle active tissu~ contacting 
site located ;near. the tip of the contact end located on 

· ~he top portion of the prgl,e. · 

30 · 27. . The electrosurgical .probe of claim 23, 

35 

wherein a , si·zigle acti.ve tisaue .contacting sice is located . near" the . tip , .. of . the con1:acc end·. and . raised and pointed in 
the retracting di_rection of' . the probe. · 

' . 
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28.. The eleC.t%'.osurg1cal prob~ of claim 23, 
·wherein said contact end is .broadened and wherein a 
single .active ~1.asue c()tltactins · a~te· is lcc:ated within 

·the broadened contact en~ . 
. . . . 5 

. . . ' . 

· ... · 

29. · ··The •lectrosuz-Sical probe of claim 23 
whe:r;ein &·aid contact end . C?~rise&1 a. wa~her~s~aped single · ... ·. -.c:~i ve. -~issue• · contaccing sJ.te. . .. · . 

10 · 30 .. · The electrosur;-ical pro.t>e of claim 23 
where.in said cont.act. end ccmp.:rises . a disc-shaped single. 
ac:~ive tissue contacting site. ' 

31. The·•lectre>llu~ical pro.be· of claim 30 
1s.·. whe;rein a wire locp· forma the surface of the cliac;,.shaped 

·. •cti ve ai.te. 

32~· A sesquipolar el,ectrosurgical kit for 
·· elec:trcsu;gically· altering .the ·shape of the corneal 

20 surfac::ecf the·eye,: said k~t cr;>mprising in packaged 
combinationi 

·.(a)· an electro•urgic~ probe with at least 
· on• .. active. tissue ccntac:ting ai te ; and 

·· ... 25 
. Cb) •. 11••quj,polar·ret\1%n.electrode that- is 

. · poai tioned on . or· .near the ey•. 

. · .... ... -:· 

.. 30 
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