S L R

WO 9521878 - . PCT/US95/01613

i - R &

Sk

/e 4&

LA
%

AN ELECTROSURGICAL PROCEDURE RECURVING THE CORNEA

10
This invention is a procedure for the i

correction of optical abnormalities in a human eye. It

involves use of an electrosurgical energy vrobe which may

15 be of a specific physical configuration as outlined

' below. This invention also includes suitable electrodes
for perferming the notad process. Tha procees preferably
utilizes a high frequency RF electro-deaicéation or,
ablation device. The proceduré involves the initial gstep

20 of fo;ming at least one access gite allowing access to
the corneal volume behind the Bowman’s layer. It (the
access site) preferably iz plzced in the antexrior surface
of the cornea through and ending posterier to the
Bowman’s laysr of the aye. The electrosurgical probe is

25 then introduced into the access site and, depanding upon
the wvisual abnormality to be ¢corracted, the probe is
activated to adjust the velume of the corneal stromal
layers through ablation or desiccation. The shape of the
volume desiccated or ablated is dapendent upon the

30 aberration to be corrested. For instance, if the optical
aberration to be alleviated is hyperopia, a circulax
corneal volume reduction taking place about the ocuter
periphery of the corneal mags may be accomplished. In
other instances, such as for the treatment of

3s astigmatism, certain smaller sactions of tha Peripheral
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corneai volume may be shrunk. In certain cilrcumstances,
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
or any other form appropriate for the optical adjustment
needed.

Background of the Ixnventien

Ancmalies in the overall shape of the eye can
cause visual disorders. HEypercpia ("farsightedness")
occurs when the front-to-kack 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
eyeball is too long, myopia ("nearsightedness") occurs
and the focus of parallel rays entering the eye occurs in
front of the retina. Astigmatism is a condition which
occurs when the parallel rays of light d¢ not focus to a
single point within the eye, but rather have a variable
focus due to the fact that the cornea refracts light in a
different meridian at different distances. Some degree
of astigmatiam is normal, but where it is pronounced, the
astigmatism must be corrected.

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

Another methed for correcting those discrders
is through the implantation of polymeric rings
(intrastromal corneal rings or "ICR’s") in the eye’s
corneal styroma to change the curvature of the cornea.
Previous work involving the implantation of
polymethylmethacrylate (PMMA) rings, allograft corneal
tissue, and hydrogels is well documented. One of the
ring devices involves a split ring design which is
ingerted into & channel previcusly dissected in the
stromal layer of the cornea. A minimally invasive
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incision ie used both for producing the channel and for
inserting the implant. 8See, for instance, the use of
PMMA intrastromal rings in U.S. Patents Neos. 4,452,235 to
Reynolds; 4,671,276 to Reynolds; 4,766,895 to Reynolds;
and 4,961,744 to Kilmer et al.

Surgical methods for the correection of such
disorders are known. Such methode include radial
keratotomy (see, &.g., U.S8. Patents Nos. 4,815,463 and
4,688,570) and lager corneal ablation (see, e.g., U.S.
Patent No. 4,941,083).

There are other procedures for reshaping the
surface of the cornea. Some involve surgery; others 4o
not. Two patents dealing with the nonsurgical reshaping
of the cornea are U.S. Patent Nos. 4,326,52% to Doss,
et al. and 4,381,007 toc Dess. Eoth of these patents deal
with the use of radio f£requency enexrgy to reshape the
cornea of an eye. These involve the use of RF probes
which are introduced non-invasively onto the cornea.

They each involve an RF generating source which is placed
oen the anterior surface of the cornea and utilize saline
solution to cocl the corneal surface as the radio
frequency current entexs the eaye. The RF apparently
heats various stroma within the ccrnea and thereby
reshapes the cornea as a biological fesponse to the heat
produced by the RF.

Other invasive ophthalmic surxgical devices
include U.S. Patent No. 4,805,616, to Pao, which patent
describes a bipolar probe device may ba usad in
ophthalmic surgery. The device is only described in the
performanca of anterior capsulstomies. In that
procedure, a limbal incision is made and the active probe
tip is inserted between the anterior capsule of the aye'’s
lens and the corneal endothelium. The anterior capsule
is sequentially coagulated, bescomes axvtremely friable,
and thean is removed by machanical panetration 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 5,203,353, show devices for
penetrating and working in the vitreous humor of an eye
using combination stripping tools and aspirators. The
disclosed instrument may alsc have a bipolar diathermy
device with an exterior needle surrounding and coaxial to
a fibercptic member. The diathermy device is used only
to coagulate bleeding vessels found on the retinal
surface or beneath preretinal membranes. No mention of
treating the cornea is mentioned.

T™wo related applications, U.S. Patent
No. 5,025,811 to Dobrogowski et al., and 5,174,304, to
Latina et al., show noninvasive methodas for focal
transcleral destruction of living human eye tissue. 1In
general, these devices and their underlying procedures
invelve the use of electric currents for ablating eye
tissue, particularly the cilliary process. Again, no
mention of cornea treatment is saen.

- This invention involves the introduction of an
electrosurgical probe into the layers of the cornea to
medify local sectiocns of that corneal mass.

There are a variety of electrosurgical devices
known. For instance, Hetzel, U.S. Patent No. 4,033,351,
shows a bipolar cutting electrode for high fregquency
surgery. The electrode shows what is said to be an
improved electrode design having a number of metal tips.

U.8. Patent No. 4,202,337, to Hren et al.,
shows a similar electrosurgical device for cutting or
cocagulation. It has a nonconductive handle with a blade
assembly having a number of electrodes and an insulation
member separating the various elegctrodes.

A similar and relatad patent to Deglexr Jx.
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 electrocde of specified thickness, insulation
members secured to the center electrode, and a number of
side electrodes secured to the insulation members. None
of these devices discuss practice of a surgical procedure
upon the posterior regicnes of a cornea.

U.8. Patent No. 4,795,478, to Fedorov et al.
teaches a davice for the coagulation of biological
tissues, preferably corneal tissue. The device disclosed
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 biclogical tissue
and the concept of changing 'the curvature" of "eye
tissues, e.g., corxrnea” is noted. The patent mentions the
need for high accuracy to reach the goal of "to carry out
coagulation of the eya cornea to a specific depth."
Although it is not clear what result Fedorov et al.
wishes to obtain in this first patent, Fedorov et al. in
U.S. Patent No, 4,907,587, mentions the use of thermal
coagulation of the cornea along certain cerneal surfaces
to correct various optical aberrations in the eye. It
should be noted that neither of these patents suggests
the use of ablation or desiccation from the reverse sgide
of the Bowman'’s layer to effect any change in the
anterior corneal surface.

Summaxy of the Inventicon

This invention is a method of altering the
shape of the cornea, often, the anterior surface
curvature of the cornea. Thea invention aless includesg
certain electrosurgical proke configurations usaful in
this process. The procedure, in its preferred
variations, dces not emtail significant surgical
modification of the anterior corneal surface or of the
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Bowman’se layer of the eye, except, in certain situations,
adding surface incisions to act either as a stress relief
function or to provide access for the electrosurgical
probe. , .

An electrosurgical probe is a significant
portion of this invention. It is used, preferably in
desiccation or ablation mode, 'to change the volume of the
mass of the cornea posterior to the Bowman’s layer and
found in the stromal regions of the cornea. By
selectively modifying the volume of these regions, small
amounts of the cornea may be controllably remeved 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
light entering the eye will be changed. As noted above,
surface incisions may later be added to permit the
anterior of the éornea, in particular, Bowman’s layer, to
conform to the underlying corneal tissue removal (volume
change), thereby allowing for change in anterior corneal
curvature.

The iaventive procedure may be used for the
treatment of hyperopia (farsightedness) or mycpla. In
this procedure, a small incision or access site may be
made in the anterior surface of the cornea, which
incision extends down througﬁ the Bowman’s layer or
through the sclera and into the intrastromal volume of
the cornea. An electrosurgical probe, may be introduced
through the incision and guided arcund within the corneal
stroma from the cuter periphery of the cornea.

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 the aacive areas of
the probe. After an appropriate necrosis, removal orxr
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shrinking of material is accomplished, the probe is
removed and the anterior surface then relaxes to conform
to the collapse or shrinkage of tissue formed by
electrosurgical treatment of the corneal stromal tissue.
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 preferxred procedure includes the
alleviation of astigmatism by similar procedure. Small
partial depth incisions may be made into the anterior
surface of the cornea through Bowman’s layer or through
the sclera adjacent to the cornea te get under Bowman's
layer, but not reaching so far as the posterior corneal
surface or the anterior chamber. In a general sense,
these initial incisions are made in the regions of the
cornea or sclera to allow the electrosurgical probe to
reach the corneal mass below the anterior surface which
must be reduced to produce a symmetrie corneal surface.
In any event, an electrosurgical probe is then introduced
through the incisiocns and a selected amount of material
is removed or desiccated to alleviate the nonregularity
of the corneal anterior surface.

Also as a part of this invention are certain
meonopolar, bipolar, and sesgquipolar electrosurgical probe
designs which azre especially suitable for producing the
specific tissue removal patterns desired in this
procedure.

bty 2GR QI PSR _VIAWIROS
Figure 1 is 2 schematic illustration of a
horizontal section of the eye.

Figure 2 is a echematic illustration of the
antexior portion of the eye, showing various layera of

the cornea.
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Figures 3A to 3E show a schematic process for
treatment of hyperopia using the procedure of this
invention.

Figures 4A to 4D show schematic diagrams of
astigmatic and normal e&ea.

Figures 5-11 A and B show top and side views of
inventive circular RF electrosurgical probes.

Figures 12-19 A and B shaw top and side views
of inventive straight RF electrosurgical precbes.

Figures 20 A and B and 21 A, B and C show top
(A and C) and side (B) vieaws of inventive disc and washerx
RF electrosurgical probes.

Figure 22 shows a desired return electrode feor
the sesquipolar probes of the other Figures.

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

Rescription of the Invention

" Prior to explaining the details of the
inventive procedures and devices, & short explanation of
the physioclogy of the eye is needed.

Figure 1 shows a horizontal cross-section of
the eye with the globe (10) of the eye resembling a
sphezre with an anterior bulged spherical portion
representing the cornea (21).

The globe (10) of the eye consists of three
concentric eoverihgs enclosing the various transparent
media through which the light must pass before reaching
the light-sensitive retina (82). The outermost covering
is a fibrous protective portiocn the poésterior five-sixths
of which is white and opagque and called the sclera (13),
and sometimes referred tec as the white of the eye whexe
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vigible to the front. The anterior ocne-gixth of this
cuter layer is the transparent cornea (12).

A middle covering is mainly vascular and
nutritive in function and is made up of the choroid,
ciliary bedy (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
accoumodation of the lens. The iris (17) is the mosat
anterior portion of the middle covering of the eye and is
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 gize of the pupil varies to regulate
the amount of light which reaches the retina (18). It
contracts also to accommedation, which sexrves to sharpen
the focus by diminishing spherical aberration. The iris
divides the gpace 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
retina (18), consisting of nerve elements which form the
true receptive portion for visual impressicns.

The retina (18) ie 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
of the brain with the fore-brain. A layer of rods and
cones, lying just beneath a pigmented epithelium on the
anterior wall &f the retina serve as visual calls or
photoreceptors which transform physical energy (light)
into nexrve impulses.

The vitreocus body (26) is a transparent
gelatinous mass which £fills the posterior four-£fifthe of
the globe (11). At its sides it supports the ciliary

"body (16) and the retina (18). A frontal saucer-shaped

depression houses the lena.
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The lens (21} of the eye is a transparent bi-
convex bedy of crystalline appearance placed between the
iris (17) and vitreous body (26). 1Its axial diameter
varies markedly with accommodation. A eiliary zonule
(27), conaisting of transparent fibers passing between
the ciliary body (16) 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
glags. 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
another giving rise to astigmatism. Most of the
refraction of the eye takes place through the cornea.

Figure 2 is a more detailed drawing of the
anterior portion of the globe showing the variocus layers
of the cornea (12) making up the epithelium (31).

An anterior limiting lamella (33), referred to
as Bowman’s membrane or layer, is poaitioned between the
epithelium (31) and the stroma (32) of the cornea. When
I refer to the "corneal mass,"” I mean the various stroma
(32) betwaean the Bowman’s layer (33) and the Degcemet’s
membrane (34). The corneal stroma (32) are made up of
lamallae having bands of fibrils parallel te each other
and crossing the whole of the cornea. While most of the
fibrous bands are parallel to the surface, some are
oblique, especially anteriorly. A posterior limiting
lamella (34) is referred to as Descemet’s membrane, It
is a strong membrane sharply defined from the stroma (32)
and resistant to pathological processes of the cornea.

The endothelium (3€6) is the most posterior
layer of the cornea and consists of a single layer of
cells and function to maintain transparency ¢f the cornea
(12) . These espithelial cells arxe rich in glycogen,
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eniymea and acetylcholine and their activity regulates
the transport of water and electrolytes through the
lamellae of the cornea (12). The limbus (37) is the
transition zone between the conjunctiva (38) and sclera
on the cne hand and the cornea (12) on the other.

There are a variety of different electrical
surgical delivery probes which weuld be suitable in this
invention. 1In general, there are two distinct
electrosurgical delivery probe types: the monopolar
probe and the bipolar probe. An in-between
electrosurgical configuration applicable to this
invention also exists and is known as sesquipolar. 1In
each instance, some section of the human body is used to
complete a circult between one pole and the other. 1In
the monopolar probe device, there is a single active
contact which is inserted or otherwise contacted with the
human body and it is the gite at which some body
activity, e.g., desiccation, ablation, necrosis,
fulguration, or the like, takes place. To complete the
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 insignificant temperature rise occurs
at that contact point. One such method of insuring that
the inactive electrode iz 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 egqual
area active electrodes contained in the same electrode
probe-handle astructure. This gsymmetric bipolar electrode
degign produces a significant temperature rise at both
electrodes.

In a monopolar or sesquipolar configuration,
only one electrode has an area of tissue contact
producing significant temperature rige. Unlike the
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monopolar configuration, however, the sesquipolar return
electrode is not so remote, and thereby limits current
flow through the body to the nearby return electrcde.
The return electrode area in the sesquipolar
configuration electrode is usually at least three times
the area of the active electrode and produces little or
no tissue effect. In some designs, the sesaquipolar
return electrode may be found on the electrode probe-
handle structure while on other designs it may be
separately located in a non-remote regiecn of the bedy.

There are a variety of effects that may occur
depending upon the electrosurgical mode desired. For
instance, there are both high temperature and low
temperature desiccation effects when the active
electrosurgical probe contact(s) are used to promote
tisaue desiccation. The resistance of the tissue in
contact with the active probe electrode obvicusly varies
with the tissue temperature and water content of the
tissue. A low temperature desiccaticn effect inveolves
heating such that the temperature-time product causes
tigssue necrosis with little immediate denaturation or
discoloration of the tissue. A high temperature
desiccation includes heating tissue near the conducting
probe contact to approach or slightly exceed 100°C. In
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 temperature
variation, there are significant increases in local
tissue impedance and also significant in local tissue
desiccation.

In the ablation mode, the electrosurgical
energy density delivered largely cauges the tissue near
the probe contact to vaporizaea. The temperature at the
electrode/tissue interface is increased eignificantly
past the peint of steam formation., The effect of
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'ﬂelectrical resistance varies during a. specific radio
..frequency {RF) cycle and - although there is sparking,

" carbonizatien is not ueually significant and the effects
of. ‘the device are relatively rapid. '

- Electrosurgical ablation and cutting produce an

'.effect where a thin layer of tissue is vaporized
-(cutting) ©x where a 1arger section of tieeue is
. vaporized (ablation) " The: 1ina between “cutting" and
o Af'i"eblation" is not always clear. . -

c'_invention, a preferable procedure for thie invention is

lfVia the operation of electroeurgical probes operated in

" cutting, ablatien, or deeiccation mode. Herein, when I

'refer to. the term "volume change" or "volume- '
-modification" when referring ‘to the material in the
. corneal mass, I mean the corneal mass is eithex’ necrceed,

In the procedure epecified below as the

.“-desiccated. or ablated.

It is quite rare that the current flow through

'}the device ie Dc.' The current is typically a very high
_-dfrequency alternating current, typically in the range of
..~ 500 Hextsz or more. Additionally, the RF energy is often

’ep3delivered in a pulaed or in a more continuoue, non-puleed

30

35

l;operaticn depending on the exact effecte desired. Some .
‘residual: heating Wlll teke place no metter which courge
s taken. ' : : ' :

With thia lengthy background in place,’ pleaee

';refer to Figures 3A through 3D. This series of figures
ﬁehowe, in schematic faahicn..one procedure for treating

- hyperopia (faraightednees), mybpia, ox actigmatiem. This
, echemetic procedure shows features which may be common to
~'‘all of the: processes of this invention. Generically. the
.?procedure includee the step of prcducing orie or more '

-incieiona, often towards the periphery of the cornee

Thege ingisions penetrate Bowman’ s layer in the anterior
"surface of the cornea and extend down into, as defined -
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. point may be the. 1nlertion of a non- electrosurgical

10

| ' '1ame11ar cavity .80 produced. Depending upon the design
of the. inserted. electrosurgical probe and on the

'*_f.ezQy-
s

”lamellar separator ‘to separate the various stroma

. PCTUSImI6N

'rjabove.'"the'corneel mass or- corneel volume." I also
_;contemplate that the electroeurgical probe may be
“'ninserted into the corneal volume without penetration of
~_the anteriox surface cornea, e. g, by access through a
' partial depth incision made in the sclera next to the
‘cornea.” In any event, if an. anterior access partial -

. depth incision is contemplated an, optienal step at

this

lamellae within the cornea at the . depth of the entry

3incieion.- Thic allows the. eubsequent etep of ineerting
" the electroeurgical probe to: take place with greater

_ _eaee._ The probe- iteelf may serVe the function of
':intralamellar separator, if so. deeired. The

electrosurgical probe is. introduced into the stromal

refrective effect desired, the probe is moved inside the

3'iintralamellar space previously formed and activated to
: deeiccate or ablate specific’ geometric regions of - the
- -cornea. _Desirably, after the completion of the corneal
'“.volume ablation or. deliccation etep. the curvature of: the .

corneal eurfece is then. meeeured. "The’ procedure may be

'-'repeatod if ineufficient correction has occurred.
'fneeded, Bowman’s layer and a small amount of underlying |
. stromal tissue may be lightly cut on the anterior surface
' adjacent to or above the site of the volume reduction to
Hvallow the anterior corneal surface to chenge.

Returning to the specifice of Figuree 3A

It

to 3D,

Figure 3A.ehowe an eye (100) having a pupil (1oz) and a

B . cornea (104). . In the outer radius of cornea (104)
. found two emall partial depth incisions (106) which
' been cut through Bowman‘s layer into the corneal mass as

ie. _
have

. g.ff ehown_in Figures 1 and 2. Theee incisions may be cut .
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g?hradially or oiroumferentially end ere ehown for o
y dieouneion purpoeee to be radial.

_ It should be underetood however,.thet although
two aocese ‘partial depth incisione (106) have been

igjportrayed in Figure 3A,- the number of suoh access sites
- 7{106) is not important. . ‘1f a semi-circular lamellar
~ separator (108) as shown in Figure 3B is used, then the .

: ﬁlnumber of aooees sites (106) may be desirably two in
'Lnnmber CIE 1amellar separators of shorter axc: segments

10

p'are ueed, more . nnmeroue elits may be desired. If a

'12_.nearly oirouler lamollar eeparator or eleotrosurgioel

= ..1.5;..: i

_';_probe ie used. e eingle acooes eite (106) may be '
'f.eufficient : ' '

Figure 3B ehowe the introduction of ‘the 7":

_optional disgsectoxr blade or lemellar separator (108) to
_ separate the lamella found in the cormea. The separator

{(108) is rotated until a oireuler ohannel is made in the

_oorneal periphery, and is roteted back out of the eye. A

similar proceduro takes plaoe on the other access s;te as

dehown in Figures 3A and’ 33.3 Figure 3c shows the
fineertion of an eleotrosurgioal probe into the route .

jf”formod in the intraetromal region ‘shown in Figure 3B.
.. The prohe may be energized following complete insertion

o "'2_5"

';:or may be energized in a etop, move and activate mode
. The step of removing and/or ehrinking tissue is continued
- until sufficient tiseue hae been ablated or deoicoated to

"i'achieve the desired refractive effects.

Figuro 3D ehoue the . eye (100) after completion

}jof the eblation procedure. It may be doeirable to place
. ‘a amall stiteh (112) in any-access site (106) in the

_'f;fcornee to ensure: healing of the access eite and minimize
. the! potential for infection. ' Figure 3E shows the eye

(100) following relief cuts (114) that may be necessary

-,m,g_;-.?in some ‘instances. to allow the anterior corneal surface
38

to more oloeely oonform to the underlying corneal tissue
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'“‘jremoval (volume change) thereby allow;ng for greater

change in anterior corneal curvature. These relief cuts

e may- be " c;roumferential as ehown or they may be radial

10

- depending on the desired refractive effect. Further, the
- relief tute may be continuous or may be . interrupted as

. 'shown. In any case, these cuts will be shallow cuts such
.- that ‘they penetrate Bowmarn‘s layer and poeeibly a. portion- '
-f:of the underlying corneal stroma.

The. above-deeeription generally indicates the

.'method of the present invention. - Specific pxobe - .
'1configuratione and ‘method of treatment ‘will be deacribed
. in the: Examplea below. - - -

It should be: apparent from the deneription

uaabove, that the etep of desicoating, necrosing or

s
" the volume of that mass in. specific regions of the
. cornea,’ Consequently. the anterior sections of the
f.oornea will beoome fletter or eteeper and will alleviate

ablating the:tissue from within the coxneal mass . lessens

the improper: prev;oul refraction of light. some of the .

',poseible changes in corneal thiokneee and their

'relationehip to the radius of curvature of the central

- oorneal lurfece are described in gggg_ag;;;gug;;_jgghg;

' in Refractiva and

- Corneal Surgery, ‘Vol. 5, May/aune ‘1989, pages 177-193,
" which is hereby ;ncorporated by reference in its
y:entirety.- This paper deeerihco the eo-oalled nLaw. of '
3_7Th1ckneos“ which indicates that when corneal volume is

reduced in ‘the periphery, central corneal steepening

"ahoccure and, uhen a volume of tiesue is removed in the .
- center, central oorneal flattening ocoure. The inventive
3e1ectrolurgioa1 method and devices aim to reduce corneal

. volume in controlled geometric areas of the corneal

'1'35'-'.':

istroma to .achieve refractive correction.

. 'The method and devtoee of ‘the present invention

may also be useful in the treatment of aetigmatism
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5eAstigmatism occurs, generally, when the curvature of the

anterior surface of the. cornea is not regular as one

' Q~passes about the meridians on the anterior surface of the

. cornea resulting in a steep and £lat axis (the astigmetic
g axis). - Figure 4A and. 4B are. sohematic perspective views _

" that show an. astigmatic and normal eye, respectively In

" an. -astigmatic eye, two axes are generally identified,

a0
- . using this. invention, one must flatten the curvature of

.'.:"_correeponding to. the - steepest (120) and flattest (122)
.ilaxis of curvature.' The steepest axis dia also known as
the axis of astigmstism (120) .. To cozxrect- astigmatism

f'ffthe astigmatic axil such that the cornea becomes .
'_freasonahly symmetrical and more spherical Figure 4B

' -15[

;}shows a normal eye, that is, ‘one in which the curvature
. of all axes are the same. Figures 4C and 4D show
Misschematic topographical curvature maps of an astigmatic
'asnd of 'a non- astigmatic eye, respectively In Figure 4C,_'
*region 130 is the steep region where as region 132 is
L -flatter. . : o - :
= _;icontrolled removal of corneal tissue are apparent.- These]_'
will be discussed for particular applicstions in the

Other configurstions of access lites and

- Examplee below._ Further, It should be apparent ‘t© one

"7,appreciating the design of such electrosurgical RF - .
-?probes, that the shape need not be nearly circular. It
i.may be, much in ‘the same way as were the lamellar '
',separators (108) in Figure 3B, that! the probes have

o lesser : ‘arc length or are- straight for allevieting

L ._--fhyperopia. In fact, for treating hypercpia or other
. designed to ablate the tigsue at hand. Such shapes will

maladies, the probe may be of any convenient shape'

e be discuesed in more. detail below. Further it may be .

35"

r'noted that the hsndlee of the probes may ba straight or
“bent. - A bent handle may allow greater faoility of use
-wathin the small confines found behind an - access site as
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f'shcwﬂ in-the'abcve'draﬁihgs;"Additicnally. the
.;jprccedures and devices of the present 1nven:icn may be

useful in the treatment ‘of mcre than one ind;cation, for

‘example. myopia and astigmatinm or- hypercp;a and .
'Lastigmatism.' ' : :

Figuras 5- 11 A and B show top (a) and s1de (B)

cffv;ews cf circular electrcaurgical probes suitable for use

in the schematic procedure described above. Figures SA

rﬁ“ and B- show a circular RF electrocurgical probe wi:h two

e
f; modes. The probe (200) includes a shaft (202) and cwo
" .active sites- (204), each active site having an arc of

active sites. that operate in mcncpclar or sesqu:polar '

' .less than. about 180°, preferably lese than about $0°.

T

. The single source of RF energy (206) .ies fed in. through .

the insulator. (208) making up ehe probe (200). ..Figures

."'GA.and B show. a .eircular RF electrcsurgical probe (210) -

- with a single active site (212) at the tip. Again, the
- single source of RF energy (214) is fead in ‘through- the

'-f_insulatcr makzng up tha probe. Figure 7A and 7B show a

' ':r'active site. (222) extending the length of the circular
port;on of thc probe.- Once: moxre, the s;ngla source of RF

circular RF electrcsurgical probe (220) with a single

© . energy (224) is fed in through the insulator (226) making

. - 'up.the prcbe.. Figuzes 8A and B show a circular RP
. near the tip of the probe that operate in bipslar
_fashion Two sources of RPF energy (234 and 236) are fed

electrcsurgical probe (230) with two active litea (232)

. dn thrcugh the insulator (238) making up the probe.

= 20

'-fFigurea 9A and B show a circular RF electrosurgical prcbe
~ +(240).with a single active site (242). near the tip;.the -
‘active site .shown in Pigure:Sa. to.be on the top part cf

'cl_the .probe. .: ‘A-gingle source of R¥ energy (244) is fed 1n

.:'thrcugh the insulator (246) Figures 10A and B and 11&
" and show other circular’ RP elcctrcaurgical probes (250
-and 260 raspaccively) with single active sites (252 ang

4
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:“262 respeotzvely) near- the t;ps of ths probes A single
”}*source of RF onergy (254 and. 264) is ‘fed in through each
”ffprobe._ Figure 10B ‘shows the active site (252) to be
'filocated at the .tip but expoaed on one side and Figure 11B
. shows. the active site :(262) ‘to: be 1ooated at the tip but .
",;naulated on the top and thus exposed on cne side only.

.. Both probes. dep:oted in Flgures 10 A and B and 11 A and B
' are designed to contact tissue in eithex the forward or

'-:retract;ng diraotion to the aot;ve site on the probe, the
-;rotracting dzreotion. ' - '

Figure 12-29 h and B ahow top (A) and side (B) .

}f_viewa of" straight eleotrosurgioal probes suitable. for uee"
" in the: schematic procedure described above. Figures i2a

s

"and B showo a straight RF surgical probe (300) with a
',-ingle aot;ve site (302) extanding along the length of
the. probe A single source of RF energy " (304) is fed _
i'through the probe . Figures: 135 and B shovw a etraight RF
~ electrosurgical probe (310) with two active sites (312)

extending along the length of the probe that operate in

20

'b;polar fashion. Two sources of RF energy (314 ‘and 316)

.:qare fed in through the . insulator (318) making up the

' probe. Figures 13-19 A and B show other straight RF _
: eleotrosurg;cal probes with single active sites near the
- tips of the probes. A.single source of RF energy is fed
~in through each probe. .Figures 14 A and B show the _
factive aits (322) to be located near the tip of the proba_-

"1(320) and on- top of ‘the. probe . such that the active site

30

"'35'.-'_."'

.?fzo raised and po:nted in tha retracting direction of the '
-.probe. Figurna 15A and B show the. active asite (332)
_Bimilarly located. near the tip of the probo. The end of

the probe is zaised and the active site (332) is located . )

~ en the. raised part of the tip. point;ng backwards, the

active_sita being exposed on two sides. - Figures 16A and-:*

Lffg.g;milarly:show the active site (342) raised at the end
'?of'thg probe pointing backwards (340), but the active
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:.:site is imbedded in the ;naulatzng cuzrve of the probe,
< thereby exposing the. active site -on one side only.
T'Figures 17A and. B show the active site’ (352) at the t:p
- of . a straight probe (350), the actzve gite’ be;ng exposed
ﬁjfon one. side on the tip. portzon alone Figures 18A.and B
. show the active site (362) near the end of a straight
. eprobe (360) The probe is broadened at the actiVe site
5.Figurea 19A and ‘B again lhow a stra;ght RF '
*elec:rosurgical probe (370) with a curved tip, with the
" active site (372) again raised and pointing backwards ‘and
'”fslightly upwards. the active site being exposed on one
e.side on the tip portion alone. However, in this '
- embodiment active. site is. angled such that a portion
- (374) . of the active site (372)..extends beyond the curved -
_;tip.- In th;a deeign, tha abla:ion or deaicaation takes
.'_place either as the device is pushed forward or as it is
' pulled backwards, or zetracted from the lamellar '

separation channel. . Upon expoaure to ;zssue and

S f53eleetrode activatlon, the active elte will vaporize or
. '_second lamellar channel to allow for the for the relief
. .of gases produced by the probe. when used in the ablation
- mode or o 1ncorporate grooves in the probe portions that
-zinsert 1nto the tissue to allow the eacape of gaaes ao
'produced ' ' ' '

desiccate the tissue. It ‘may be desirable to provide a

rigures 20 and. 21 A.and B show top (A) ‘and side

_.(B) view of RF electrosurgical disc and washer prebes
(400 and 410 respectively). A single RF energy source is
.. fed.through each probe. - The disc probe (400) is a

- -eircular proba w;th a. cercular ‘active site (410). The'
_; washer probe .(410) is a circular. p:cba with a cirecular

. .active site (412) with a hollow middle (414) . " Each of
Vtheee probes may have a flat surface as shown in Figuree |
. 20A and 21A.o:'mag_be“cu:ved'to“aonfo:m to the curvature
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- of the: cornea. The diec probe may have .a wire loop
-""ﬁ{surface (415) as shown in ‘Figure 21C.
Lo The above described prcbes are useful in the
L par:zcular examplel d;scuesed below The Examples are _
1ﬂ5“fnzllustra:1ve only and are not. intended to limit the scope
- ‘of the invention. = Fer the probes that have only one "
" condueting. ‘lead to deliver RF energy (i e. moncpolar or .
:”fseequipolar) a return electrode is neceneary In some
A  ffinstancea this may be placed remotely on the body. In
*a;";iof'_other cases, the use of a eesqu;pclar return electrode
. may be desired using a return electrode that is placed
";nonto the sclere or translimbal area of the cornea.
: _ .Figure 22 shows a desirable manner. for placing
S :e;a seequipolar re:urn ‘@lectrode ‘on the ‘exterior of the
. AB _‘cornea, or omto ‘the sclera (344). - This return electrode
‘- f~may simply rest on the cornea- or sclera as shown or may
' be held in Place by a vacuum a:tachmenc cavity built into
;the elec:rode.- As noted above, the area of this return
i ..eleectrode’ (342) where it contacte the eye ie without much -
"291.*exception conetant.- Because of . ite significantly ‘higher
. area as compared to the active tigsue contacting _
f,electrodee described above, the tendency for the return
.~ electrode (342) to heat to a significant degree is -
..© .. . minimized. The sesquipclar eleetroeurgacal system '
. - 25 . described above is an embodiment of this invention that
. ”'-w_5can enhance the’ safety of’ thie aphthalmologic operation.
o The following Examples are intended’ to describe'
, ',Nparticular embodiment of the invention but are in no way
- .;fvf.intended to 11mit the invention in any manner. :
.30 . _ - : _ .

_ In order to correct the astigmecie eye ehown in
o | Figu:ee 4A and 4C such that it bacomes more similax to
'.eéas;_nthat shown - in ?igures 4B and GD. a process similar to

“ﬁﬁ‘iil”li‘i‘ilﬂﬂi“li‘ﬂin
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'-zthat described above with regerd to Figures 3A-3D is

- ‘carried out. As shewn in Piguree 23A and 23C, radial or

ﬂrcireumferential pertial depth incisione (500) ;are made in _
the periphery of the cornea. A. 1ame11ar separator is

inserted to create a zone of separated lamellae (502) and

'ﬁif(504) for the insertion of the electrical probe. ' |

_Two different "approaches are possible to

t.r-correct the astigmatic eye. . In the first approach shown

'szin Figure 23C the radial partial depth incisions and .
ﬂredial zone of eepareted ‘lamellae will be formed beneath

'ffllthe agtlgmatic axis (506) Fellowing separation of the
o lamellar tieeue, one - of the straight RF probes shown in

Figures 14- 19. A and B is inserted through the partial

“.,depth incision (500). The probe is then activated to
'change the paracentral corneal volume (508), that is the
.:_f*volume neax the center of the cornee, by ablation of the
' tissue under ‘the figure-s shaped aetigmatiem shown in
 Figure 23A and . 23C. The ehoice of RF probe design is
"y_dependent on the. amount of tigsue to be ablated. oOnce
_-ablation is completed, the probe is withdrawn. Relief
'f‘cute on the anterior cornea may be. necessary as described
. above to ‘allow the surface of tha cornea to conform to
~ the underlying tiesue removal. In thig way, the steep
.,a-tigmetic axis ie flattened such thet the cornea becemee
Jreasenable symmetrical and apherical

A eecond eppreeeh to the treetment of an

: eetigmatic eye is to eteepen the £lat astigmatic axis ae

shown in Figure 23A. - In thig epproach, ‘the lameller

'tv'eeparatien zone will be formed in the periphery of the

“'in the corneal periphery, heneath the astigmetie axis,

‘cornea (502). The partial. depth incision (500) is placed

'“*:?ollowiag eeparation of the. lamellar tissue, one of the

circular RF probe- shown in Figures §, €, 8, 9, 10, and

11°A and B, probes (200) , (210), (220), (230}, (240),

(250) and (260) reepeceively, ie ineerted through the
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'partial depth- incision (500). The probe is then
' “activated to change the volume by desiccation (probes
© {200), (210), (230), (240), (250) or (260)) or by
| ablation (probes (210); (240), (250), or (260)) of the
.8 " tissue (501) under the flat -axis of astlgmatiam axis
© (507) as. shown in Figure 23A.  Thus some probe -
. configuratiens can be used. either in the ablate or in the
. desiccation mode. Probe (200) is operated by inserting -
. 4t into the lamellar tissue, ac:ivatzng it, deactivating
flb*j~1t, and then’ removing lt. Probes (210),_(230). (240).
L ,(250), .and (260} axe. operated by inserting into the
fﬁilamellar tissue, activating, deaotivating, rotatzng toc a
"*j_aecond pOlitlon to ‘be deaicoated or ablated, actzvatlng.
TR __;and then removing. - Again,. the choice of RF probe design
";15’;jzs dependent on. the amount of tissue to be ablated or
' '_"deamccated.. ‘Once. ablation or. deaiccat;on is completed,
- ‘the probe is wlthdrawn Relief cutn to the ‘anterior
. . cornea may be necessary as described above to allow the .
,_f'jfsurfaoe of the corxnea to conform to the underlying tzasueijw
"20.-;mod1fication. ‘In this way, the flat, astigmatic axis
- (507) is steepened such that the cornea becomes o '
“'”reaeonable eymmetrical and spherioal ' :

©'28 . In order to correct hyperopia a prooese sim;lar_f
""__fto that described above wzth regard to Figures 3A-3D is
, acarrled out . Aa shown in. Figures 23B, 23D and 23E,- _
gfﬂradmal or- ciroumferential partial - depth incieione (510)'
ST '”'are mado in the periphery of the cornea. A lamellar -
. 5[3230_7”soparator is inserted to create a lamellar pathway (512)
S a.for the insertion of the electrical probe. e '
S ‘Two d;fferent approachee are possible to
_ffoorreot the’ hyperopic eye. In the first approach, shown'_
.. . in Figura 23B partzal depth incisions (510) are made in
35 ‘the peripheral oornea and a oiroumferential 1ame11ar o
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.. surface.

“.'ohannel.
:”_the amount of tissue to’ be ablated or desiccated.
 {(210),
- for. desiccation of the channel .
fT?by inserting ic into the lamellar tissue, aotivating it,

- PCIUssmens

";aeparatiOn"zohe'(sizl will be formed beneath the corneal
FolloWing separation of the. lamellar tissue, =
~one .of the circular. RF probes shown in. Figurea 6-11 A and
‘B is inserted through the’ partial depth incision (512).

' The probe is then activated to change the volume by

' blation or deeiccation of the tissue (514) in the

_ The choice of RF probe design is dependent on

Probes

(220),-(230). (240).-(250) ‘and (260) will allow:

iI”deactivatins it, and then removing it.

Probe (220) is operated

. ‘The other probes
| are’ operated by inserting them into the lamellar tissue,
}~;activating, deactivating, rotating to a second poeition _

to be ablated, aotivating, deaotivating and repeating

‘»'o,fthis process. until the entire ohannel is deaiocated, and
(250) and (260)

L:ﬁthen removing it.

Prabes (210) : (240),

- 'will allow foxr ablation of the channel.

:.5:-_-..20.

L. 28
- a second position to be ablated, activation, deactivation -
tfand repetition of this process until the entire channel
is ablated, followed by removal of the probe.
- 7. relief cute in the anterior of- the cornea may be
' 30 =
- '4cornea to conform to the. underlying tissue removal..
':hia way, the central corneal surface is steepened such
- that the cornea curvature is improved. -
A .second. approach t0 the treatment of a

*f_'asz:'hyparopio eya is to use a atraight ‘RF probe._

The probea are

. operated by inoertion into the lamellar tissue, _
,-activation, deaotivation. rotation to a second position
Edto be ablated, aotivation, and repaating until the entire :
v;channel ia ablated, followed by ramoval of the probe.

. Probes (250) and (260) can also be operated by oomplete
;_insertion into ‘the lamellar tissue, aetivation,

deaotivation, pulling partially ‘back out of the tissue to

Again,

neoessary a8 described above to allow the surfaoe of the

||II|I|| Mt

' ;;LReceivéd[Time.
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-'second approach 2 or more partial depth incisions. (510)'

- .axe made in the periphery and 2 ©OY more radial lamellar

' .separation zones are formed as shown 'in Figures 23D and
23E. Following separation ©of the lamellar tissue, one cf
j'-the etraight RF probes shown in Figures 12- 19 A and B is

'“inserted through each partial depth incision (510) in: the

"f;lamellar eeparation zones (512) and {514). The probe is

;then activated to change tha volume by ablation or
]desiccation of the tissue in- the channel. The choice of
'RF probe design is dependent on the amount of tissue to
‘be ablated or desiccated. Probea (300), (310), (320),

(330), (340), (350), (360) and (370) will allow for

B ides;ocation of ‘the channel probes (300) and (310) are -

”;operated by insertion into the lamellar tiseue, _ _
‘activation, -deactivation, and then’ removal Probes
.(320), (330), (340), (350}, (360) and (370) are operated

', by inaerting into the 1ame11ar tissue, activating,

deactivating, moving to a second position to be ablated,

.__;_;_;'-activating. deactivating and repeating thias process until .
S 20

enough of the channel is ‘desiccated, and then removing

"}-the probe In this way the tiesue desiccated can either

form a continuous path (516)" or oan be interrupted pointa .f

i-'along the. radial 1ame11ar separation channel  (518) .
'.fProhes (320).- (370) ‘will allow for ablation of corneal
‘volume ineide the radial 1ame11ar aeparation channel.- >
'fﬂ;p:cbes {320), (340), (350), (360) and (370) are cperated o
'by insertion inteo the lamellar tissue, ‘astivatien,

" deactivation, moving it further into the tigsue to a

'._’second position to be ablated, act:.vation, and repeating
. until the entire channel is ablated, and then removal
. The same probes can also.be operated by complete '
" insertion into ‘the lamellar. separation channel,

'gjactivation, deactivation, puliing back ocut of the tissue

s

i*channel to a second pesition to be ablated, activation,
- deactivation and repetition,ofithe process until the
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fl;enough cf the channel ia ablated, followed by remcval of
. . the probe.= Again, rel;ef .Cuts may be necessary in the
”fanter;or cornea ‘a8 descrlbed ahove to allow the surface

of the cornea to conform £o the underlyxng tissue

g;removal -In this way, the corneal surface is staeepened
”Vcentrally euch that the corneal curvature is improved

In order to correct myopia the process similar

i - that described above with regard to Figuree 3A-3D 1s |
- carried: out. A- ehown in Figuree 23F and 23G, radial or
.f;c;rcumferentlal partial. depth incisions (520) are made in

;d;gthe perlphery cf the cornea. A~ lamellar eeparator is
inserted to create a ‘radial lamellar separetzon channel -

" gshown in Figures 14-19 A ‘and B or the digc or washer

_=(522) ‘toward the center of the pupil for the ineertion of
' .the electrzcal probe.. : '

For ccrrect;on of mycp;a, the lamellar path

-(522) will be . formed under or near the.central or -

Paracentral portion ©of the ccrnea.. Following separation’

of. the lamellar tieeue,_cne of the etrazght RP probes

:i;probee ehown in Pigures 20-21 A and B ls inserted through:

. &5
RS I % the channel, the volume change (524) resulting from
. the use of the dzsc-ehaped prebe . (400) is shown in Figure
.~ 23F and volume change (526) result;ng from the use of the
- “:waeher-ehaped probe (410) is shown in Figure 23G. The
30
. tissue to. be. ‘ablated. Proben (320) = (370) will allow for
‘ablation of the channel. The prchee are operated by

_.the peripheral part;al depth incieicn (520) into the

lamellar .separation- channel (522) -The probe is then

1activated to. change the volume by ablation of the t:seue

Cholce of RF probe deaign ie dependent on the amount of

'ineertion intoc the lamellar tieaue, activatzon,
deactavaticn,.advancing the probe into the channel to g

eecond pos;tion to be ablated, actlvatlcn, deactivation;_
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_dcrepeetihgfthe“prooess'uﬂtil'the'entire channel is
. aklated, and then the probe is removed ‘The. probes can

'.“also be- operated by complete: insertion into the lamellar B

_'seperation channel, activation, deactzvat;on, pulling out
* of the channel to a second position to be ablated, -

activation, deectivation and repeetzng the process until
the entlre ohannel is ablated, and- then the process is

- removed.. Probes (400) and: (410) are operated by
finsertzon into the 1amellar separation channel (522).
f-eotivation, deactivation and removal from the channel.
'1:'Aga1n, relief cuts in the anterlor cornea may be '
-fneoessary as described above to ‘allow the surface of the .

5H;oornea to conform.to the underlying tissue removal. 1In

iithes way, the oorneal surface in the central- corneal area
' is flattened suoh thet the oorneal ourvature is improved.'

The foregoing - examples of prooedures and

' _dev;ces aooordzng to the Present irivention are only
_:representat;ve and . are not meant to be in any manner
':1imit:ng Other embodlments, ‘axreas of applioatzon,

o methods of use of the present znvention, with;n the soope

-f'of the claims appended hereto, will be evident to those '
-..8killed in this art. - Other. embodiments of the proeedures

'without the soope of the elaims but within the epirit of
; jinvention described. herein are oons:dered te be

- equivalent to those proeeduree and devices claimed.

o 3s
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- I.CLAIM _AS_MY INVENTION: - : o
. ]ﬂ; *T]_“ 1.-' A procedure for altering the shape of the
b'““ﬁfanterior corneal surface of an eye having a corneal mass
, "posterior to the- anter;or corneal surface, compr;s;ng the

5 "eteps of: o S

R 1nitia:1ng at 1east one access: site 1nto

"og;the corneal mass posterior to Bowman’s layer,

o | _ b introducing. through sard at 1east one L
o 3g;faccess sxte an eleetrosurgical probe, and ' o
'f-lOuff-'- I actuatxng said eleotrosurgzoal probe to
) modify the volume of the corneal masa adjaoent to said
'j-eleotrosurg;oal probe. . = o

S o V24 The prooeduro of ola;m 1l where the step of
15 ”mod;fying the oorneal maas is by ablatron.

= 3. Ths procedure of ola;m 1l where the step of
:-,modifyzng the . corneal mass is by desiocation.
”1,3;9g1f“'7*'“f'.-4.._ Th- procedure of olaim 1 where the
' "Veleotrosurgioal probe isa bipolar RF eleo:rode.
_ 5. The procedure of claim 1 where the
-”._.-_'electrosurgaoal probe is a monopolar RF eleotrode
L C 6. The prooedure of olaim 1 where the
feleotroeurgioal RF eleotrode ie used in a aeequipolar '
oonfiguration.-’ -
f}:b3gpf?;{ L e The prooedure of claim 1 where the-

felectroeurglcal probe is in the form a oiroular probe.

e 3._. The prooedure of claim 1 where the _
S ;_eleo:rosurgicul probe forms a oiroular probe of less :han
-'35_-.about 3s0°. -
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9. The procedure of olazm 1 where the

ﬂmodifioanzon of the volume of the corneal mass is to
.qoorrect hyperopia '

10. The procedure of olazm 3 where the

: modification of the voluma of the corneal mass 15 te

'_'-correot hyperopza or aet;gma:ism

. '10;.
15

co20

11. The prooedure of olaim 6. where thef

' 5modification of the. volume of the oorneal mase is to
:J_oorreet hyperOPia. myopia or astigmatism..

g ]'iz The prooedure of olaim 1 addltionally'
*comprisxng the plaoement of a rel;ef cut’ 1n at least
_portzon of Bowman's 1ayer. ' ' :

'~'13;  The procedure of elaim 1. where the

_ modification of the volume of the corneal mass is to
‘alleviate. aatigmatiem :

14, The procedure of claim 1. where the_

JCI'IUS9SIMSI3

R T modlfioatzon of the volume of the eorneal mass is to

25
e,mod;fioation of the volume of the eorneel maes takes
---place at or near the center of the cornea.

;_eorreot myop;e.

15.__ The prooedure of ola;m 14 where the
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’.fis,f_ An electrosurgical probe comprising a

V_support end.and a cizrcular contact end where said contact
- end comprises at’ least one active tissue ccntacting site,
*jthe active site is in- electrical connection with an |
_insulated conductor residing within said contact end and
B extending to the. support end.

-ffi' The electrosurgical probe of claim 16,

"'“ljsaid probe comprising two. active tissue contacting sites;_'

iii?Oni
' -f”single insulated conductor residing within said contact

the active ‘gites being in electrical connection with a

”fsend and extending to the. support end.

o as

'18; The . electrosurgical probe of claim 16,

-said probe -comprising a single sctive tissue contacting
‘site, said active site being located in the tip of the

'7-sfcircular contact end

: -29[20;f:

.- " said probe comprising a single active tissue contacting

19._ The electrosurgicsl ‘probe of claim 16,
said prohe comprising a single active tissue ccntacting
site- wherein the active site comprises an arc of less

thhan about 350°

‘20, _The electrosurgicsl probe of claim 16,

.7said prohe comprising two active tissue contacting sites
'f}that -are each in electrical connection with their own
__lseparato conductor residing within ssid contsct end end
_J;extending to the support end .

_2;;; The electrosurgical probe of claim 16,

_;_Lsite 1ocated near the . tip of the contaot end on the top
":;porticn of the probe o
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' 3,22; The electroourgical probe of claim 16,

_;eaid probe comprising a. single active tissue contacting_'
' site located near the tip of the contact end and raised
'-and pointed in the retracting direction of the probe

'} 233' An electrcsurgical probe comprising a

l support end and.-a straight contact end where said contact

'”ljjend comprises -at least one active tissue contacting sitae,

:n'the active site- is in- electrical connection with a
_'conductor residing within said contact end arm and
75~extending to the lupport end.

"3 24. The electrolurgical probe of claim 23,

N - said probe comprising a. single active- tissue contacting

15

20
T'f sites that are each in electrical connection with their
“own separate conductor reeiding within said contact end
' and extending to the support end

L '3said probe comprising a gingle active tissue contacting

.site, sald active site. extending along the length of the
K straight contact end and located on the top portion of
o tha prObE. g o ' : :

- 25.'- The electrosurgical probe of claim 23, -
said probe comprising a two- active tissue contacting

. 26. - The electrosurgicel probe. of cleim 23,

 Bite located near the tip of the contact end located on

o gwherein a. single active tissue contacting site is located
. near the tip of. the. contace erid- and . raised and pointed in
the retracting directicn of the probe._ = S

o the top portion of the probe.

"127. -The electrosurgical probe of -laim 23,
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28. ' The electrosurgical probe of claim 23,

lﬁwherein said contact end is broadened and wherein a:
'[;single ac:ive tiasue contacting site is. located within
’i;the broadened contact end :

S 'n2 The electrosurgical probe of ¢laim 23 _
4_,,,lwherein aaid contac: end . comprisea a waaher-ahaped single -
» lﬂfactive tiseue contacting si:e..;l ' : Lo
ff;lp-n_:‘7'“"-330}ﬂ The electrosurgical probe of claim 23
'i | wherein said. contac: end compriuea a diac-ahaped single
'“lipactiVe :i'aue contacting site. o
LT ; '-31 The olectroaurgioal probe of claim 30
';”lsfjiwherein a wire loop forma the surface of the dilc-shaped
’nijgxactive site. ' : - : |
- :-}'32..f a sesquipolar electroaurgical kit for
o*electrosurgically altering the shape of the corneal
surface of the: eye, said kit comprising in packaged o
'5‘.combinacion=
' _',(a) an electroourgical probe with at least
- one. aotive tissue contacting site; and '
SR s (k) a cesquipolar return electrode that is
°'<f¢25:;'f._u;-f | -7poaitioned on or. near the eye.
©U30
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