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AN ELECTROSURGICAL PROCEDURE RECURVING THE CORNEA

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
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
of fc;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
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
aberration to be corrected. 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
astigmatism, certain smaller sactions of tha Peripheral
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5 - - - AN ELECTROSURGICAL PROCEDURE RECURVING THE CORNEA 10

Field of the Invention ° This invention is a procedure for the.
correction of optical abnornmalities in a human eye. It i nvol ves use of .
an el ectrosurgi cal energy probe which may
WO 9521578 ' PCT/US95/01613
I
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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

5 or any other form appropriate for the optical adjustment
needed.

Background of the Ixnventien

Ancmalies in the overall shape of the eye can

10 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

15 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

20 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

25 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.

30 - Previcus 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

35 stromal layer of the cornea. A minimally invasive
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15 be-of a specific pHysical configuration as outkined - . bel ow. This

I nvention al so includes suitable el ectrodes for performng the noted
process. The process preferably utilizes a high frequency RF

el ectro-desiccation or abl ation device. The procedure involves the

i ni tWOI9SRII® 20 of forming at | east one access site- REPASHIRH6E cess to

the corneal volune behind the Bowman's layer. It (the access site)
preferably is placed in the anteri ordsurface of the cornea through and
endi ng posterior to the Bowran's | ayer of the eye. The ' '

. electrosurgical probe is 25 then introduced into the access site and,
dependi ngnép®lon is Whed Vbotial fobnoradhcing t thdechaunaltankd fde probe is

bl ot or BSEEEHICER GEMEGMIET, ed pPECE ERARLE PR use SEVCTS TTOUOT
PMMA intrastreomal rings in U.S. Patents Neos. 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 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.

10 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,

15 et al. and 4,381,007 to Dess. Both of these patents deal
' with the use of radio frequency energy 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
20 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
a5 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

30 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,

38 and then is removed by machanical panetration with an
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volunE'degibcated or ablated is dependent upon the 30 ‘aberration to be .
corrected. For instance, if the optical aberration to be alleviated is’
hyperopi a, a circul ar corneal volune reduction taking place about the

out er eri phery of the corneal mass may be accom%ﬁﬁﬂg? ot her
insmgﬂ&ﬁ%uch as for the treatment of 35 astigmti S’md«ﬁn smal | er
sections of the peripheral '

. -4_

additional mechanical device. N¢ 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
5 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

10 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

15 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

20 mention of cornea treatment is seen.

- 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

25 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, tc Hren et al.,

30 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.

35 et al., U.S. Patent No. 4,228,800, shows an
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corneal vol une ‘may be shrunk. |h certain circunstarices, °~° Bowran's |ayer
may be cut to allow the curvature of the cornea to change after the
-corneal vol une adj ustnent. These relief cuts may be radial, circular,

sem Cicwﬁgglﬁﬂs Eéacor any other formappropriate for the Pﬁmgﬁmgﬁ ust nent

neede kground of the Invention
-5

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

s 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

10 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

15 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

20 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

25 of the Bowman'’s layer to effect any change in the
anterior corneal surface.

Summaxy of the Invention
This invention is a method of altering the
30 shape of the cornsa, 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
35 modification of the anterior corneal surface or of the
This Sheet Has Been Repl
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Anonalies in the overall shape of the'eye can 10 caUse'visuaI'disofders_

Hyperopia ("farsightedness") occurs when the front-to-back distance in
“the eyeball is too short. In such a caﬁe,dpaLallel rays orlglnatlng
r eat 20 feet fromthe eye focus behind the
gont rggt hmgn the front-to-back distance of 15 eyebarﬂmsbmglq ong,
"~ nyopi a ("nearsightedness") occurs and the focus of parallel rays
entering the eye occurs in front of the retina. Astigmatismis a
condition whi ch occurs when the parallel rays of light do not focus to

have a varlable 20 focus

Wi_t hi e e but rat her
due to th%g??@P ﬁgpﬁfhgfnﬁﬁﬁé§y¥éfFng?tP Gt Seftain sityardomsnt neridi an
at di f f ecdiing sunfeace. ingdmiocnsgtocact eighexsaisgmusitsmeiss reddiedl , but

where it funcRiQMOVICRS pkld¥ide access for the electrosurgical
probe. , . .
5 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

10 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

‘15 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

20 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

25 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.

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 the aacive areas of

35 the probe. After an appropriate necrosis, removal or
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astigmati smnust be corrected. ' Hyper opi a, nyopia; and

astigmatismare usually 25 corrected by gl asses or contact |enses.
Another nmet hod for correcting those disorders is through the

npl ant ati on of polynerlc rings (intrastromal r
"I CR“@?Slllﬁ'lﬂt he eye's corneal strdma to change t%”&iﬁie of the
cornea. 30 Previ ous work invol ving_the inplantation of

pol yret hyl met hacryl at e ( PMVA) rings:7allograft cor neal ti ssue, and.
,hydrogals is well docunented. One of the ring devices involves a split
ring design which is inserted into a channel previously dissected in

the 35 shripking efemaseripd dgr aegomPAlghediathe PXPRE ¢&
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.
5 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
10 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,
15 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
20 through the incisions 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
25 designs which azre especially suitable for producing the
specific tissue removal patterns desired in this
procedure.

30 Figure 1 is a2 achemat;c 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.

35
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incision i s used both for producing the channel and for

WO 95/21878 PCT/US95/01613
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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 sesquipoclar prcbes 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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insérfing the*i npl ant. See, for i nstance, the use of PMVA i ntrastronal

rings in U S Patents Nos. 4,452,235 to Reynol ds; 4,671,276 to

Reynol ds; 4,766,895 to Reynolds; 5 and 4,961,744 to Kilnmer et al.

Sur giWQBEDEI%ods for the correction of such di sor PETASV01618nown. Such
met hods i ncl ude radi al keratotomnmy (see, e.g., U S. Patents Nos.

4,815, 463 and 4,688,570) and | ae®+ corneal ablation (see, e.g., U.:S.
10 Patent No. 4,941, 093). There are other procedures for
.reshapi ng the surface of the cornea. Sone involve surgery; others do

not. Two PosEPie Eeatheoryond. t lPheomstegicnl onesdppingf thisf the cornea
gg?hubflt @é%PL%%2%¥Sf%§§$°5@2aﬁ£b£¥éﬁt ég&negt(fg)_and 4,381,007 to Doss.
A middle covering is mainly vascular and
nutritive in function and is made up of the choroid,
5 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

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 gize of the pupil varies to regulate
the amount of light which reaches the retina (18). It

15 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

20 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

25 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.

30 The vitreous 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 lenas.

35
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with the use 6f radio frequency energy to reshape the cornea of an

eye. These involve the use of RF probes whi ch are introduced
non-invasi vely onto the cornea. They each involve an RF generating
sour 38098121878 i s placed 20 on the anterior surface ofPQTESISHI618a and
utilize saline solution to cool the corneal surface as the radio .
frequency current enters the eye. JHy RF apparently heats vari ous
stroma within the cornea and thereby reshapes the cornea as a '

bi ol ogi cal response to the heat 25 produced by the RF
Qher invasive ophirhal Teassukgaicalk dag ege is a t&ahuﬂaanS. pfat ent No.

4, 805, 616, ) P%p ?ﬁgrh aégg&ine ¢¥§§§9Eh283n§ EQOLQE %gbghgeyice may

be used ﬁ € device” onI in the
;r;s (17) and vitreoul body (26). Its axial diameter

varies markedly with accommodation. A eiliary zonule
5 (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
i0 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
15 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
20 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
258 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
30 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
35 (12) . These espithelial cells arxe rich in glycogen,
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30 performance of anterior capsul otom es. I n’t hat " procedure,
I ncision is nade and the active probe
anterior

a |inbal
tipis inserted between the

capsul e of the eye's | ens and the corn lium The
ant SNPGFREABs ul e i s sequentially coagul at ed, becoﬁgtnﬁgﬁﬁg ly friable,

35
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15

20
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30

35

and then is renoved by ”ECha”Liit penetration with an

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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el ectrosurgical knife in which the blade assenbly has a center

el ectrode of specified thickness, insulation menbers secured to the
center el ectrode, and a nunber of side el ectrodes_secured to the

i nsUNOOBAE M8enbers. None 5  of these devices di scuBGUNSYMISR: of a

surgi cal procedure upon the posterior regions of a cornea.

U.S. Patent No. 4,799,478, to Fedorb®-et al. ' teaches a device for the
coagul ati on of bi ol ogi cal ti ssues, preferably corneal tissue. The

devi ce di scl osed
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

5 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

10 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

15 electrosurgical probe contact(s) are used to promote

' tissue 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

20 heating such that the temperature-time product causes
tigsue 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

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 temperature
variation, there are significant increases in local
tissue impedance and also significant in local tissue

30 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

35 past the point of ateam formation. The effect of
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10 by Fedorov et aI appears to be nmerely a heating device with a

“manner. of carefully controlling the depth to which the heater or
o coaguhﬁégJH introduced. .The-device is - said to be useful for '
ue cﬂCﬂﬂﬂH@Mﬂa "t he

“*coagu _ biological tissue . and ‘the conceépt:
'u?Curvature of’ "eye 15 - tissues, e.g.,-cornea" i's noted. - The patent S
~mentions the . - need for hi gh accuﬂécy to reach the goal - of "to carry-out -
'Vjcoagulatlon of the eye cornea to a specific depth. " - Al.though it is-not
. clear what result Fedorov et al. . wishes.to obtaln in this first '
ffpatent FeuecbviealaresieceaceLwerieatduring a4s§GEiBBé ra@ibi ons the use =
of themafrequenepamm 616" aitlCa ek, ﬂagecwgwrﬁetgea' surfaces.

. to.correc L OUS ber r.at e eye hould be noted-

~ that" nei t ?‘?ﬂ%gg gf ¥ Ys‘ ficant and the effects .

L of the device are relativaly rapid. _
' Sj}w : . Electrosurgical ablation and cutting produce an

'.effect whezre a thin layer of tissue is vaporized
-(cutting) ©x where a 1arger section of tisaue is
__vaporized (ablation) " The: 1ine between “cutting" and
SRR 3"ab1ation" is not alwaya clear. ) ' :
'?10;”5'74”" In the procedure specified below as the
,p_invention, a preferable procedure for this invention is
- via the ¢peration.of electroeurgical probes operated in
-;cutting, ablation, or deeiccation mode. Herein, when I
... . refer to the texm- nvolume change". or "volume
';15 5-modificaticn" when referring ‘to the material in the
.n,'corneal wmass, I mean the coxneal mass is either necrosed,
'-desiccated, or ablated. ' S
G '~ It ie quite rare that the current flow through
e - the device ia Dc.' The current is typically a very high
' :gp;qﬁ-]frequency alternating current, typically in the range of
- ~ 500 Hertz oz more. Additionally, the RF energy is often
;T-deliverad in a pulaad or in a more continuoue, non-puleed
.;operation depending on the exact effecte desired. Some .
e ‘residual: heating Wlll take place no matter which course
_:tgst,.is taken. _ ' : : ' :
r-i ' With thia lengthy background in place,’ pleaae
= ;refer to Figures 3A through 3D. This series of figurea
. shows, in achematic fashion, one procedurs for treating )
.- hyperopia (faraightednass), myopia, or astzgmatism. This
-_JOf,lachematic procedure chowe features which may ba common to
'ﬁt-{all of the processes of . this. invention. Generically, the:
- procedure. includee the step of producing onie or more '
_-inoiaiona, often towards the periphary of the cornea
L _ ‘Thege ingisions pcnetratc Bowman’ s layer in the anterior
~435fj'aurface of the cornea and ‘extend down into, as defined
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the use ‘of ablatlon or de5|ccat|on fron1the reverse S|de 25 , Of_fhe-

S Bomnan s’ layer to effect any change.in'the -  anterior corneal surface.

) mnw e lnvention - - .. This i nventi on_j et hod of

,alter &a&;ﬁ&? - shape of the .cornea, often, the ant &éﬁﬂ%ﬁmce '
“‘curvature of the cornea,” “The |nvent|on al so lnc[udeS‘ ~ certain

t electrosurglcal pr-obe conflguratlong ﬁSefuI I n - this process. The _
procedure, - in.its preferred . .- vari ati ons, does.not entail significant -

_j:éurgrcal 235 ‘nodification of the anterlor corneal surface or of the
R 5abcve.'"the ‘corneal mass or corneal volume." I also '

.._;ccntemplate that the electroeurgical probe may be
f'nineerted into the corneal volume without penetration of
o ~_the anteriox surface cornea, e. g., by access through a
5" partial depth incision made in the sclera next to the
- ‘cornea. In any event, if an antericr access partial -
. depth incision is contemplated an. optienal step at thie
. point may be the. inlertion of a non- electrosurgical
,.t',_.;nlamellar separator ‘to separate the various stroma
10 lamellae within the cornea at the depth of the entry
E 3incieion.- Thic allowa the. eubsequent etep of ineerting
" the electroeurgical probe to: take place with greater
_ _eaee., The probe- itself may serVe the functien of
.. . intralamellar separator, if so. desired. The
“j;isf;"electrcsurgical probe 'is.introduced into. the stromal
' '1ame11ar cavity .80 produced. Depending upon the design
of the. inserted. electrosurgical probe and on the
E refractive effect. ‘desired, the probe is moved inside the
R _:e'iintralamellar space previously formed and activated to
'~'c'goff desiccate.or ablate specific geometric regions of - the
- ocornea. Deeirably,,after the completion of the corneal
'“.volume ablation or deliccation etep. the curvature of the
_ corneal surface is then. measured. "The’ procedure may be
-~ . repeated if ineufficient correcticn has occurred. If
_zsi”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
Fvallow the anterior corneal surface to change. _
T Returning to the specifice of Figuree 3A to 3D,
300 rigure 3A shows an eye (100) having a pupil (102) and a
' .cornea (104). . In the outer radius of cornea (104) is
- found two small: partial depth incisions (106) which have
' baen cut through Bowman‘s layer into the corneal mass as
. - o chown_in_riguree 1 and 2. Thece incieions may be cut .
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o -4- -.Tﬁ o addltlonal néchanycarfdevice,;hb_nention,of treat ment of
‘a cornea is: found e o o S

-_.;_---wo.psms':s '_._ﬁ- S PCTIUSsIeIS
o . | . . :stS—;,f | | -

:f radially or ciroumferentially and are shown for _
: discueeion purpoeee to be radial. L
R It should be’ underetood however,.that although
_ . twe aooese partial depth incisione (106) have been
' ;5g3jportrayed in. Pigure 34, 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 .
_ ;inumber of: acoees sites (106) may be desirably two in
__.__iLnumber CIE 1amellar separators of shorter arc segments
..10':'are uaed, more nnmeroue elits may be desired. If a
'12_.nearly circular lamellar separator or ‘electrosurgical
';_probe is ueed. a eingle acoees site (106) may be '
-'”'sufficient ' : - : : .
sl S ' Figure 3B ehowe the introduction of ‘the 7"'
'?"ls;”_optionel disgector blade or lamellar separator (108) to
B  Beparate the lamella found in the cormea. The separator
(108) is rotated uﬁtil a cireular channel is made in the
~ corneal periphery, and is rotated back out of the eye. A
L .';3Laimiler procedure takes place on the other aooeee s;te as
'ﬂffgzq_;eehown in Figures 3A and 3B. Figure 3C shows the
" “insertion of an electrosurgical probe into the route .
jf”formed in the intraetromal region ‘shown in Figure 3B.
.. The prohe may be energized following complete insertion
... or may be energized in a stop, move and activate mode.
.. 25 The step of removing and/or shrinking tissue is continued
L until sufficient tissue has been ablated or desiccated to
'i'achieve the desired refractive effects.
R : Figure 3D shoue the . eye (200) after oompletion
SN }jof the ablation procedure. It may be deeirable to place
© 730 - a amall stitch (112) in any access site (106) in the
_'fgfcornea to ensure: healing of the access site and minimize
. the! potential for infection. ' Figure 3E shows the eye
© (100) following relief cuts (114) that may be necessary
.%o . 7 in some instances. to allow the anterior corneal surface
""-35 frto more_oloeely conform to the underlying eorneal tissue
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S . . - & _ S o -

'irérﬁifa?[y, two patents to Easley et al U S, .~ Patent Nos. 5, 201 730

“~and.5, 203, 353, -show devices for . 5 penetratlng and working in the
usi ng conbination strip

f - of /e ' ol s ‘and '
QVIHW@ Tr O._ an §|y$cl osed instrument ‘may also ha@d&sﬁ)’m&r di at herrry

aspi he A t
“device with an: exteriar needl e surrgﬂgdlng and coaxial. to ~a fiberoptic .

“menbei.  The. di-at-her ny devi cégi-s usetdhly 10 to coagul ate bleedlng vessels
found on the retinal: surface or beneath ‘preretinal nenbranes No.

f tregtin he cornea is mentioned. . Two
?3?2{ 23 %ﬁﬂ‘l"‘@&t ‘Eﬁ? “'“Bgs apged thereby\gllowdng for saeecerogowaku et al.
-and 5, 17¢ka0ge o AStertari nazneadl curvhOwreoNl Mhdse/2eltbeodachor focal

tranaclehgb ﬁeSE&%ehhﬁarghnkhi'Qg QHQBH 8¥etEE§SH§y benradial
. _depending on the desired refractive effect. Further, the
5 - relief cuts ‘may be: continuous or may be . interrupted as
'ijwshown In any case, these cuts. will be ehallow cuts such
.- that ‘they penetrate Bowmarn‘s layexr and poeeibly a portion- '
-f-of the underlying corneal stroma.
Lt The. above-deeeription generally indicatee the
10 l'method of the present invention. - Specific probe
8 "configuretione and method of treatment ‘will be deecribed
. in the: Examples below. - S : :
o _ It should be apparent from the denoription
© - .. .above, that the step of desicoating, necrosing or
:15 _ ablating the’ tissue from within the corneal mass lessens
;j_(*}* 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
. .- ‘the improper: previoul refraction of light. some of the .
TIEZO;H,possible changes in corneal thickness and their
o relationehip to the radius of curvature of the oentral
E corneal lurface are described in: Joma Barraguex; Father
o + in Refractiva and
. . Corneal Surgery, ‘Vol. 5, May/dune ‘1989, pages 177-193,
' ‘35  which is hereby incorpozated by reference in its
C i:entiroty.- This paper deeerihoo the eo-oalled nLaw. of '
~ Thickness" which indicates that when corneal volume is
_ reduced in ‘the periphery, central corneal steepening
. - occurs and when a. volume of tissue is removed in the
.30 center, central ‘corneal flattening occura. The inventive
' “'3electrolurgzoa1 method and devices aim to reduce corneal
.. volume in controlled geometric areas of the corneal
istroma to .achieve refractive correction.
DA - 'The method and devtoee of ‘the present invention
. '35  may also be useful in the treatment of aetigmatiem

This Sheet Has Been Re

umm liiii~

-Recelved Tlme 23 Feb 6 36 i;;_;;ﬁ Prlnt Tlme : .'23;Feb; 7:09 '




Ly

;::general

'Vishoms a

s

these devrces and therr underlyrng procedures

‘passes about the merid;ans .on the anterior surface of the

.; cornea resulting in a steep and £lat axis (the astigmatic
f axis) Figure 42 and 4B are. schematic perspactive views
"that show an. aetigmatic and normal eye, respectively In-

- ,2an astigmatic eye, two' axes are generally identified,
ficorreeponding to. the steepeat (120) and flattest. (122)
-axig of curvature. The steepest axie dia also known as

the axis of as:igmatism (120) .. To cozxrect- astigmatism

i-]-uging this invention. one. must flatten the curva:ure of
- the astigmatic axis such that the carnea becomea .
'_jreasonably symmetrical and more apherical Figure 4B

shows a normal eye, that is, ‘one in which the curvature

. of all axes are the same. Figures 4C and 4D show

M;aschematic topographicel curvature maps of an astigmatic
~and of ‘a non- astigmatic eye, reapectively In Figure 4C,_

*region 130 is the steep region where as region 132 is

o ;flatter.a
.20 s
' -;controlled removal of corneal tissue are apparent. These

Other ccnfiguraticns of access litea end

- will be discussed for particular applications in the
: Examplee below. Further, It should be apparent ‘t© one

'-tappreciating the design of such electrcsurgicel RF -
ctprobee, that the shape nead. not be nearly circular, It.
' ‘wmay be, much in ‘the same way as were the lamellar '

__ tseparators (108) in Figure 3B, that the probes have
. lesger ‘arc length or arve- straighr for alleviating

L ._--fhyperopie. In fact, for treating hypercpia or other
30
'_; ~designed to ablate the tissue at hand. Such shapes will-

~ be discueeed in more. deteil below. Further it may be -

maladies, the probe mey be of any convenient ahape'

" noted that the handlee of the probes may ba straight or

35"

hben:. A bent handle may allow greater facilicy of use
-wathin the amell confinee found behind an ecceea site as
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'rnvolve the use

of - electrrc currents for ablatrng eye - "~ tissue, partrcularly the crlrary _
' Q;proc%ﬁqaiﬁﬁﬁ‘) no 20 ° mention of cornea treatnent is_seen. '__-_'
Thi's n involves the introduction of an - - e MNM@B%I probe
jrnto the Iayers of the cornea to. nDdrfy | ocal _sections of that corneal
. mass." . .- There-are a vaflﬁiy of electrosurgrcal devi ces. 25
”“;knOMh For. rnstance ‘Het'zel ; U.S. Patent No. 4,033,351, shows a
.~ bi-polar..cutting el ectrode for hi'gh frequency " . surgery - The el ectrode.
- Shows. mhastigmaaudmtocheran generamnyovﬁﬁeﬁ|Qﬁhr%ﬁ§v4€§kﬁn o2a¢hag a number
of. netal g ?icr urface hF g 5@% Eé 337 to Hren et al ., 30
srnt elFec rosur |ca 2% neﬁtFF F as one S



'fﬂcoagulatlen lt has a noncondUctlve handle with a’ blade - assenbly

"*fhaV|ng a nunber - of . electrodes and an insulation. nenber separating the o

- varl trodes : . Asimlar and rela atent to EEgIer
L J %ﬁgﬁ , us. Paten #No.. "4, 228, 800, “shown it S95!01613 | |

'L‘_ g -18-'

- shown in-the'above'draﬁings;"Additidnally. the
.fjprocedures and devices of the present 1nven:ion may be
- useful in the treatment ‘of more than one ind;cation, for 5
_ ~ example myopia and astigmatinm or- hyperop;a and . T
Lo -8 - .astigmatism. o : : ' . o
S - Figuras 5- 11 A and B show tOp @) and s1de (B)
-tﬁvzews of - circular electroaurgical probes suitable for use
L in the schematic procedure described above. Figures 5a
co o and B show a circular RF electrosurgical probe wi:h two
'“j'“1o ; active Bites that operate in monnpolar or sesquipolar
 - modes. The probe (200) includes a- shaft (202) and :wo
-fmactive gites- (204), each active site having an arc of
' .less than. about 180°, preferably lese than about $0°.
. . The single source of RF energy (206) is fed in. through
' 15 . the ingulator (208) making up ehe probe (200). ..Figures
' ;fhnf“'EA and B show. a .eircular RF electrosurgical probe (210)
- with a single active site (212) at the tip. Again, the
o single source of RF energy (214) is fead in -through- the -
- insulator makzng up the probe. Figure 7A and 7B show a
7*iji20_]"circu1ar RF electrosurgical probe. (220) with a single
' '_ 'active site. (222) extending the length of the circular
: port;on of ths prabe.- Once: moxre, the s;ngla source of RF
© . energy (224) is fed in through the insulator (226) making
. - up.the prcbhe.. Figuzes 8A and B show a eircular RP '
'T}3[25  1electrosurgical probe (230) with two active sites (232)
" near the tip of the probe that operate in bipslar
- _fashion Two sources of RPF energy (234 and 236) are fed
'f-'in th:ough the insulator (238) making up the probe.
©. " - Fligures SA and B show a circular RF electrosurgical probe
30 " .(240).with a eingle active -site (242). near the: tip;. the -
|  .ﬁactive 8ite shown in Figure SA.to.be on the top part of
'-l_the probe. .: ‘A-aingle source ‘of :R¥: energy (244) is fed in
.:'thrcugh the insulator (246) Figures 10A and B and 11&
.~ and show other circular RF elcctrosurgical probes (250
“3;'3$'~.and_26p respectively) with single active sitees (252 angd

4
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6 Bownan s Iayer of - the eye except |n certarn srtuatrons addrng surface

r'urncrsrons to-act either as a- stress relref functron or to provrde access

~ presWOIYNSBntion conprises a procedure for alteri ng t

f the
_wanterior corneal surface of an eye having a ‘¢corneal nass posterior to the |

'.for t he: eIectrosurgrcaI probe S Accordrngly, n&wﬁﬁhngspect t he.

. anterior corneal. surface, mhererntiggcorneal mass has a vol une, the
- -procedure- conprlsrng the steps of: C |n|t|at|ng at | east one- access
. -site into the corneal nass. posterror to Bomnan 's. layer, ' 'separating:

-ﬁﬁlanellae é s ALY %Ea&otﬁéeéﬁﬁsaoieﬁﬁbabrabeéoneAfG&ng&eelvrng an
':JeleCtrOSEEuré% zf %% .n§E§§9%252°tn595245h 3 $da 1ﬁ”§hkghgh each '
,'effprobe._ Figuzre 10B shows the active site (252) to be
" located at the tip but exposed on one side and Figure 11B
-55-e=showa the active site :(262) ‘to: be 1oeated at the tip but .
f.",xneulated 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 eithexr the forward or
: Q-:retractzng diraction to the aot;ve eite on the probe, the
e ioi@;retracting dzreotion. _ ' ' ' '
SR Figure 12-19 A and B ahow top (A) and side (B) |
7T_v1ewe of" straight eleotroeurgieal probes suitable. for use’
t'in the schematic procedure described above. Figuree 12a
I ."and B showo a straight RF surgical probe (300) with a
. as f,lingle aot;ve site (302) extending along the length of
".fij” fthe probe A single souroe of RF energy (304) is fed _
i'through the prohe . 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
."fédeszpolar fashion. Two sources of RF energy (314 and 316)
B i'qare fed in through the insulator (318) making up the
:Hprobe. Figures 13-19° A and B show other etraight RF _
: eleetrosurg;oal probes with single active sites near the
... - tips of the probes. A.single source of RF energy is fed
”7;;35mt;in through each probe. Figuree 14 A and B show the _
r':.f,iaotive aite (322) to be looated near the tip of the probe
frfrszO) and on top of - ‘the. probe such that tho aotive aite
tf:- raised and poxnted in the retracting direction of the '
o . . probe.’ Figurne 15A and B show the active site (332)
3rr 3o-H similarly located. near the tip of the" probe. The end of
R the probe is raised and the active site (322) is located
on the. raised part of the tip pointing backwards, the )
. ‘active pite being exposed on two sides. Figures 16A and.
< B simiiarly:show the active site (342) raised at the end
-tasalfof'the prohe pointing backwards (340), but the active
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o . . : -4 _ : . e -
1;,separat|on is perforned to create each separatlon zone D i-nt roduci ng
through-sai-d at: | east one access site the el ectrosurgical probe into the.

;T;separatlon zone, and . energ|2|ng sai.d el ectrosurgical probe to
T redu 9ﬂ5 I ume of - the corfieal mass. adjacent t o=sal rgi cal .
'--probgﬁog L I'n a second: aspect ‘the present” lnventﬂ%gbgﬁﬁgﬂﬁges an

_Qfelectrosurglcal .pr-obe conprising a. 2#§ port-end and a substantially hook-
*.-shaped:contact ‘end where sai'd contact”end conpri'ses at |east one active
. tissue. contactlng site dlsposed on a surface of said contact end, the plane -

o b’ COkE Y Uperand” e B P 8RB e o HRE pLBiLL 26 unen the
-~ site s shbxabwtn:bbﬁissathsraphéﬁ!aﬂi§ﬁeanopnﬁh§1§Snpaéw-end surface on =~
-~ Wwhich the @hﬂe@ait’laoﬁﬁdaﬁt ishewsche a&r.dv&pas.ee (38d)t Be @mbi¥epsite is in
--gggg;;;cg'ﬁdggg“er‘;t' 2t Wrbie?laisd7Y! 3heatREYU ke BRUHG daibbB" 521 O
. 5. 'on one side on the tip portion alone. Figures 18A. and B '
. show the active site (362) near the end of a straight
. aprobe (360) The probe is broadened at the activ; site
5cFigurea 19 and B again show a stra;ght RF '
. *elec:rosurgical probe (370) with a curved tip, with the
© 10 active site (372) again raised and pointing backwards ‘and
: ’”fsligh:ly upwards. the active site being expoged on one
- side on the tip portion alone. However, in this '
_e-embodzment active . site is. angled such that a portion
17 .(374) . of the active site (372)..extends beyond the curved -
| 15.;Ht1p.- In th;a daeign, tha abla:ion er 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 f53e1ectrode activatlon, the active slte will vaporize or
_~f20-;,desiccate the tissue. It ‘may be desirable to provide a
. '_sacond 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
R . insert 1nto ths tissue to allow the eacape of gaaes ao
'"'.2S¢f"produced : ' : : : :
o Figures 20 and 21 A ana B show top (A) ‘and- side
(B) view of RF. electrosurgical disc and washer prebes
_3_7(400 and 410 respectively). A singl- RF energy source 13
L .}L;fed through: each: probe. The disc probe {(400) is a
530_-4circu1ar .proba- w;th a. c;rcular ‘active site (410). The'
' '_;ewasher probe (410) is a circular. p:cba with a circular
. .active site (412) with a hollow middle (414) . " Each of
Vthase probes may have a flat surface as shown in Figuree |
. % - 20A and 21A or may be curved to conform to the curvature
- 38 ' ' - ' '
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- .cont
» Wi dt h-of "the contact end; ‘a subst anti al

'“actlve stte is-in’ eIectrrca

e . s v - L R
*qﬁextendrng to the support end In a thrrd aspect the . present _ ,
- ..invention conprises:an electrosurglcal probe conprising a support ‘end and-a
:jcontqﬂp igmhere sai d contact end conpri'ses ‘at |east one active ti ssue .

nt ac 93)3 t he "hei. ght of the contact end is genePETIUSS/BRE3 t han the
portion of the at |east one actrve

"S|te is dlsposed on a najor surfacerglihe contact. end, .the at |east one-
connection wi.th a conductor residing. within -

*f?sard contact  end-and exfending to the support end,
t0 be . coupfedheocomneaectrheadiﬁtgﬁﬁobioﬁﬁfehaégd tggrgrg

:-;i,cornear "BSralen (16 PRE b’ TA'RLGSES DIL hé Coftea
- AT The above described probes are useful in the
SR :psrtzcular examplel d;scussed below The . Examples arae
1t5rp.zllustrat1ve only and are not. intended to limit the scope
- . -of the invention. For the probes that have only one
a;t;conduotzng ‘lead to deliver RF energy (i e. monopolar or
~  sesquipolar). a return electrode is necessary In some
SR df{instances this ‘may be placed remotely on the body.- In
. 30 other cases, the use of a sesquipolar return electrode
. may be desired using a return electrode that is placed
- onto the sclera or translimbal area of the cornea.
| _ .Figure 22 shows a desirable manner. for placing
U :_;a sesquipolar return electrode ‘on the exterior of the
j_;ls_?ﬁcornea, or onto the sclera (344).  This return electrode
_.f-may simply rest on the cornea- or sclera as shown or may
;tbe held in Pplace by .a vacuum attachment cavity built into
| ,the electrode.- As noted above, the area of this return
. :g_,electrode (342) where it contacts the eye is without much
29].*exception constant.- Because of . its significantly ‘higher
.. area as compared to the active tigsue contacting _
q,electrodes described above, the tendency for the return -
.~ electrode (342) to heat to a significant degree is
S _'émin;mized The sesquipolar electrosurgncal system :
-;iQSr;idescribed above is an embodiment of this invention that
¢ can enhance the safety of’ this ophthalmologic operation.
C The following Examples are intended’ to describe'
rfparticular embod;ment of the invention but are in no way
. ﬁrjiof.intended to 11mit the invention in any manner. .
T R .

gg reduces ‘a

_ In order to correct the astigmetic eye shown in
R Figures 4A and 4C such that it becomes more similax to
'}f??;.;that shown - in ?igures 43 and 4D. a process similar to

“ﬁﬁ'iir”l’ii‘irﬁti“ri‘ﬂi'i
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. The
© .used,

. :neés”and'fhe'at
to thereby alter the anterior cor neal
- probe.is a S|gn|f|cant portion of ‘this invention.

_ rglcal
T Tt ﬁébly i'n-desi ccation or. ablati-on node, to cll'ﬁi‘@%mﬂ&ol ume of.
“the mass of the cornea posterlor to the:Bowran's layer ‘and found in the-

‘ .

Ieast one actlve S|te IS energlzed by t he signal-
surf.ace and correct refractive error .
|s"

It

“stromai. reglons of* the.cornea. By seﬂactlvely modi fying the vol t une of

- these regi ons, snall
'{_shrunk

-'that described above with rsgard to Figures 3A-3D is
{joarried out. . As. shown in Pigures 23A and 23C, radial or
;gciroumferential partial depth inoisions (500) ;are made in _
the periphery of the cornea. A. lamallar separator is
| inserted to create a zone of separated lamellae (502) and
Q;f(504) for the insertion of the electrical probe. ' |

_Two differsnt "approaches are possible to

j-correot the astigmatio eye.  In the first approach shown

odn Figure 23C the radial partial depth incisions and

?'3loﬁf[radial zone of separated ‘lamellae will be formed beneathi
" the- astigmatic axis (506) Following separation of the o

o lamellar tissue, one - of the straight RF probes shown in

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

_fdepth incigion (500). The prebe is then activated to |
N change the paracentral corneal volume (508). that is the
" volume near the center of the cornea, by ablation of the

' tissue under “‘the figure-s shaped astigmatism shown in

28"
“'in the corneal periphery, haneath the astigmatio axis,

?5735

| ,Figure 23A and 23C. The ohoice of RF probe design is
y_dependent on the. amount of tigsue to be ablated Once
-_rablation is completed, the probe is withdrawn. Relief
f °“t3 on the anterior cornea may be. necessary as described
a[ahove to allow the surface of the cornea to conform to
the underlying tissue removal. In thig way, the stsep
.?astigmatic axis is -flattened such that the cornea becomes
3reasonable symmetrical and spherical

A seoond approaeh to the treatment of an

: aetigmatic eye is to ateepen the £lat astigmatic axis ae

shown in Figure 23A. - In thig approach, ‘the lamellar

- separatien zone will be formed in the periphery of the

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

'*:?ollowiag separation 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) respectively, is insarted through the
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7fand upon reanaI of - the eIectrosurgrcaI probe fronrthe cor nea, the g
~curvature of the anterior surface of- the cornea will have changed and the

. ‘refractive path of light entering the eye will be chan ed. As noted above,
©surfWO9SAL878i ons. may I'ater be added to permit the-ant RCTAIISOIGANe cornea, .
~i'n parti-cul ar, Bowman' s l-ayer, to conformto the underlyrng corneal tissue

.1 epoval (volune change),  thereby achgghg for change I'n anterior .corneat
..:.curvat.ure. - The inventive: procedure may be used for the treatmnent . of
.. +hyperopi a (farsrghtedness) or. myopia. -In this procedure, -a small incision

 Phoreron Bhbial ek A b el s ST %ﬁs%% A8l chlag cornea M S“and N
. .into the aetiystednto ¢8PHSE she: Nolugendy. . Rﬁ igcasdrns (PFPPRE probe, may. .
" be-i nt.rodyeed)t, hrieugh thesumqrseqn)andzguodeé egond nmﬂhmm t he corneal

;_}Strona fr%EhEQia%PtSEoBSr'RQQBX ofr2kB9, Q2885 or (260)) of the

B .5 tissue (501) under the flat axis of astlgmatism 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 -
. it into the lamellar tissue, ac:ivatzng it, deactivating
flb*j 1t, and then’ removing 1:. Probes (210), (230), (240),
e :(250), -and (260) . are: operated by insertihg into ‘the
fﬁ'lamellar tissue, activating, deactivating, rotating to a
"*j_aecond pOlitlon to ‘be deaiceeted or ablated, actzva:;ng.
RIS h_;and then removing. Again, the choice of RF probe design
";15’;jzs dependent on. the amount of tissue to be ablated or
| f."des;ccated.. ‘once’ ablation or. deaiccat;on is completed,
_f’the prebe'is wlthdrawn Relief cutn to the ‘anterior
. cornea may be necessary as described above to allow the
,_Iwrfsurface of the corxnea to conform to the underlying tzssuel oo
"20.-;mod1fication. ‘In this way, the flat, astigmatic axis
- (507) is staepened such that the cornea becomea =
"”reaeonable symmetrical and spherical ' :

oo, Example 2_- The Correction of Hvperopia . _ .
28.° . - In order to correct hyperopia a proeess simxlar .
o te cha: desc:ibed above wzth regard to Figures 3A-3D is -

, acarr:ed out. Aa shown in. Figures 23B, 23D and 23E,-
gfﬂradmal or- circumferential partial - depth incieione (510)'
“i. - are made in the periphery of the cornea. A lamellar
. 5[3230_7"s.parator is inserted to create a lamellar pa:hway (512)
S e.for the insertion of the electrical probe. e '
S ' ‘Two d;fferent approaches are possible to
lffcorrect the’ hyperepic eye. In the first approach, shown'_
.. . in Figura 23B partial depth incisions (510) are made in
"*;;;5- ,:he pe;iphe:al cornea and a_clxcumferential lamellar
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E 8 ;:' . . _“. ) . v ae . . ) ) .
'TAetlvatlon of the eIectrosurglcaI probe'ln dn-abl ati on nmode wi'll- cause

f:TVaporlzatlon of the regions of the cornea adjacent to the active areas of

-;fthe probe. Actlvatlng t he probe in a desiccation node will shrink or :
-"'.'-..'necrqvegsms'lsegl on-of the cornea adj acent to the acti VECMJSMIGB t he probe.'_._
f;After an; approprlate necr05|s ~renoval . S N _ L

'..-_'-_24'_- |

_hr'uaeparation zone (512) Wlll be formed beneath the oorneal
. purface. ‘Following separation of the. lamellar tissue,
~one .of the circular. RF probee shown in. Figuree 6-11 A and
B 'is inserted through the partial depth incision (512).
H;Sf{fThe probe is ‘then activated to ohange the volume by
o ahlation or deeiocation of the tissue (514) in the
“.'ohannel. _ The choioe_of_RF.probe design is dependant on
5*_the amount of'tieeﬁe.tojﬁe'ablated'or desiccated. Probes
L7 {210), (220),°(230), (240), (250) and (260) will allow
10 for. deeiooation of the channel. Probe (220) is operated
'if?by ineerting it into the lamellar tissue, activating it,
- “deactivating it, and then removing it. The other pfob.a
_$f"are operated by ineerting them into the lamellar tissue,
- '1~:aotiveting, deactivating, rotating to a second poeition _
15 to be ablated, activating, deactivating and repeating
‘u'g,fthis process until the entize. ohannel is deaiecated, and
. . then removing it. Probee (210), (240). (250) and (260)
-~ 'will-allow for ablation of the channel. The probes are
i.- w7 cperated by ineertion into the lamellar tissue, ' _
0 20 ~activation, deactivation. rotation to a second position

Thto be ablated, aotivation, and repeating until the entire :

,dohannel ie ablated, followed by ramoval of the probe.

. Probes (250) and (260) can also be cperated by complete
ST ;_insertion into ‘the lamellar tissue, aotivation, :
. 25 ' deactivation, pulling partially back out of the tissue to

... a second position to be ablated, activation, deactivation -
tfand repetition of this process until the entire ohannel

is ebleted, followed by removal of the probe. Again,
-~ relief cuts in the anterior of- the cornea may be
30 neoesaary a8 deacribed above to allow the eurface of the

- '4oornea to oonform to the. underlying tissue removal. In
'thie way, the central corneal Burface is eteepened such -
- that the: cornea curvature is improved. -
- R A .second approaeh to the treatment of a
'35:-'hyperopio eye is to use a straight RF probe._ In this
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| shrlnklng of rmaterial.is acconpllshed the probe is
.and ‘the anterior surface then. relaxes 'to conform “to the col llapse or

shrrnkage of tissue forned by . - electrosurglcal treat nent - of the

stronWO9SM8&Be. 5 . In sone instances, a nodest incisiESTOSSMIanterior
-~ - the cornea nay be, . desirable to al l'ow curvature relaxation
" the corneal anterior. surface, - -25- .~ Anot her preferred procedure

of -

~-includes the -

-'sacond 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 of
j'-the atraight RF probes shown in Figures 12- 19 A and B is

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

removed .

cor neal

of

"f;lamellar ‘separation zones (512) and (514). The probe is :'f

| fthen 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 idcs;ccation of ‘the channel probes (300) and (310) are -

*’ operated by insertion into the lamellar tissue, o
‘activation, -deactivation, and then’ removal Probes
.(320), (330), (340), (350}, (360) and (370) are operated

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

deactivating, moving to a second position to be ablated,

CT -activating. doactivating and rapeating thias process until .
T
' "}-the probe In this way the tissue: dasiccated can either
form a continuous path (516) oz’ oan be intcrruptcd pointa B
. along the. radial lamellar separation channel  (518).

'.fProhes (320).- (370) ‘will allow for ablation of corneal
‘volume insido the radial 1amcllar aaparation channel.- >
"'_-:_._-_-probes {320), (340), (350), (360) and (370) aze operated o
by insertion inte tha lamellar tissue, activation,

enough of the channel is desiccated, and then removing

" deactivation, moving it furthar into the tigsue to a

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

'gjactivation, daactivation, pulling back ocut of the tissue

d*channel to a second pesition to be ablated, activation,
- deactivation and repetition. of the process until the
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Y incitsions nay be made into-the anterior

.. under.: Bowman' s - | ayer,

" tn-any event, an electrosurglcal

'TfaIIeV|at|on of astlgnatlsn1by S|n1lar procedure Snall 10 ’partlal depth = °
surface-of the cornea through

"'.i'Bovmalwég ¥4y or through . the.sclera adjacent to the cornea.to get
yﬁﬁ but not -reaching so far .as (RCIIONISISI3 o corneal

“.surface.or the anterior chanber. In az ﬁeneral sense, 15 these initial
*flnC|S|ons are made .in the reglons of t ‘cornea or sclera to allow the
el ectrosurgi-cal probe to " reach the. corneal mass bel ow the anterior.

”i?surface\Maﬂah h oflgﬁg:dgiﬂ' u tric corneal surface. -
el q'%da&%g X t&%&i"%caema 1 ofrough the
'f-_lnC|S|ons BE ‘ec: ief Sutsr maly be necessaryvde ghedesi ccated
-Qﬁto aIIeV|amsaMNornunragulasla;scr;beaf,haqecgbngghognEﬁglg&r§grfa0e - :
S of the cornea to conform £o the underlying tissue . |
j-S_i,r°m°Va1 -In this way, the corneal surface is staepened o
*centrally such that the oorneal curvature is imprcvgd o e

S _ In order to correct myopia the process similar
. --sio_'”to that desoribsd above with regard to Figures 3A-3D is
" carzied out. 'As shown in.Figures 23F and 23G, radial or
.,ifloircumferential par:ial depth inoisions (520) are ‘made in.
_ 5;ths periphery of the cornea. A° lamellar separator is :
,_:_n:”-‘;'insertsd to create a ‘radial 1ame11ar separation channel -
__; ¢F5f.“(522) ‘toward tho oenter of the pupil for the insertion of |
'+ the elsctrical probs.. : : o
L For oorreo:ion of myopia, the lamsllar path
-(522) will be . formed under or near the central oxr
e Paracentral portion ©of the oornsa.. Following separation’
'n:;ﬁ]go,-'of the 1amellar tissue,_ons of the straight RP prcbes
'.,1;'shown in Figures 14-19 A and B or the disc or washer
..;probes shown in Pigures 20-21 A and B is inserted :hroughn
...the peripheral partial depth incision (520) into the . |
R __lamellar .separation- channel (522) .. The probs is then
":'25i -activated to. ohange the volums by ablation of the tilsue
'.f:in the channel, the volumo change (524) resulting from
. the use of the diso-shnped prebe. (400) is shown in Figurs
.j23F and volume ohange (526) resulting from the use of the
R _=:washer-shaped probe (410) is shown in Figure 23G. The
'fgq_-:choioe of RF probe design is dspendent on the amount of
.7 . tissue to. be. ‘ablated. Probes (320) = (370) will allow for
‘ablation of the channel. The prohes are operated by
:insertion intoc the 1ame11ar tisaue, aotiva:ion,
L _.'doactivation..advanoing the probe into the channel to g
: 3§s;eseoond position to be ablated, aotivation, doaotivation;
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:T thi's-

o ' o - .
K Also as a part of thIS |nvent|on are certain nDnopoIar blpolar and’

'~]ses ui pol ar el ectrosurgical probe 25.- designs which are espeC|aIIy :
Lahl, specqflc tissue renpval patterns de5|red_|n

suita roduci ng the _
t"vagglgisggedure ’ " -Brief Descri ptlon of the Dr aRCUAS956613

'f'Flgure 1 is a schematic illustration % : hori zontal section of_the
- eye.- - ~  Figure 2 is a sch Hﬁtlc illustration of the
shomnng various | ayers: of ' " the cornea 35 B

';ﬂanterlor portlon of the .eye,
o ' 'repeating the process until the entire channel is
~ . abklated, and then the probe is removed ‘The. probes can _
;['also be- operated by complete: insertion into the lamellar | _
_'eeparation channel, activation, deactzvat;on, pulling out
5 7 of the .channel to. a second position to be ablated, )
: activation, deactivation and repeatzng the process until
the entlre channel is ablated, and then the procese is
- removed.. Probes (400) and (410) are operated by
. fineert;on into the 1amellar separation channel (522).
.10 a-activation, deactivation and removal from the channel.
' '1-'Aga1n, relief cuts in the anterlor cornea may be '
, -fnecessary as described above to ‘allow the surface of the .
,5};cornea to conform.to the underlying tissue removal. 1In .
. [1th;e way, the corneal surface in the central- corneal area
15" is flattened euch that the eorneal eurvature is improved.'

. The foregoing - examples of procedures and
N _dev;cee accordzng to the Present irivention are only
_20;_:representat1ve and are not. meant to be in any manner
©. ~limiting. . Other embodlmente, ‘areas of application,
:ﬂ methoda of use of the present znvention, within the ecope
" of the ‘claims appended hereto, will be evident tc those ~
.. ... skilled in this art. - Other embodiments of the procedures -
'*ih_” Zslﬁfwithout the acope of the claime but within ‘the spirit of
o B jinvention deecribed herein are eone:dered to be
': equivalent to thoee proeedurea and devices clazmed
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Cowesmsmo e

B "eteps of ;

1.-' A prooedure for altering the shape of the

'ﬂzi“ﬂfanterior corneal surface of an eye having a corneal mass

1Ipoeterior to the- anter;or corneal surface, compr;s;ng the

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

"ug;the oorneal mass posterior to Bowman’s layer,

_ - e introduolng through sald at 1eaet one S
*jaooess sxte an eleotrosurgioal probe, ‘and ' T

Co10e .- actuating said electrosurgical probe to .

modify the volume of the corneal mesa adjaoent to said
j-eleotrosurg;oal probe. . : : :

V24 The prooeduro of ola;m 1 where the step of

"15_ ”mod;fying :he oorneal maes is by ablat;on.

= 3. Ths procedure of ola;m 1l where the step of
:-,modifyzng the . corneal mass ie by deeiccation.
'”1,3;9;zf“'7*'“f'.-4.;_ Tho procedure of olaim 1 where the
' "Veleotrosurgioal probe isa bipoler RF eleorrode.
o 5. The procedure of claim b where the
-”._.-_'eleotrosurgaoal probe is a monopolar RF eleotrode
L o 6. The prooedure of olaim 1 where the
feleotroeurgioal RF eleotrode ie used in a aeequipolar '
oonfiguration.’ -
5)bb39§;7:f L e The prooedure of claim 1 where the-

felectroeurglcal probe is in the form a oiroular probe.

R 8._. The prooedure of claim 1 where the
eleo:rosurgioul probe forms a oiroular probe of less :han

u'35_-pabout 350°.
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e st R ﬁf?e@_t N ﬁCéﬂWHﬂlﬂﬂl“ |II|I lltlllfat ot ot 22"2&"?;&45 :
. Show WG9yHsee: di agrams of ~5° astigmatic &nd"nof ma |n‘\y/€gp§9\§mlg3rcul o mo

Figures-5-11-A'and B ShOM/tOp and S|de 'views of

el ectrosurg| cal probes. . - aEI gures ‘12- 19 A and B show" top and

side views . - -of |nvent|ve stralght
ﬁ“Flgures .20 A and. B and 21 A, B and‘C- shom/top (A and C) and side (B)

“.views. of inventive djsc mwﬁdum oﬁlfclegﬁ&tf Qe el q_q{e probes.
. 'Figure 22° shé)#vz\g a desi retd return-el ecttr q‘ for . t he sesq:w poI ar probes _
_.__-_of the ot & the. o

co20

electroeurglcal probes. 10

the vo. ume o

corneal male is
correct hypercpia. :

“57,2 l:f'; 10. The procedure cf clazm 3. where the
- . modification of the volume of the corneal mass is to
- ccrrect hyperopza cr aet;gma:iem

C 11. The procedure of claim 6. where the
1Q- imodificaticn of the vclume of . the ccrneal mase is to
:J_correct hyperopie, mycpia cr estigmatism..

g o 12.”. The prccedure of claim 1 addlticnally'
L *ccmpriexng the plecement of a rel;ef cut’ 1n at least a’
18 port;cn cf Bowman'e 1ayer. ' ' ' '

'~'13;  The procedure of claim 1. where the
_ modification cf the volume of the corneal mass ie to
‘alleviate. aatigmatiem ' :

- 14, The prccedure of cleim 1 where the_
" modification of the vclume of the ccrneal mass is to
;_ccrrect mycp;e. o '
[25 _} o ':' 5. The procedure of cla;m 14 where the
_,mcd;ficaticn cf the vclume of the ccrneel mass takes
---place at or near the center of the cornea.
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*f{lnventlve procedures and devi ces,
-physi ol ogy of the eye i's -needed. .

_?flé ~tt;:"f f‘ Flgure natlc dlagrans shomnng - top Vi ews
- of- eyes. ‘wherein vari oﬂmmmmmlﬁﬁl - el ect rosurgl cally altering -
¢ carne O 2RISR ure have been " Carfi ed out . s‘gﬁlﬁ’mgﬁ 8f the,

- T “Prior- to explaining the deta|I 1

~Invention . - _
'a sgart explanatlon of .the
"Figure 1 shows a hori zont al -

. “icross-section of 25 the eye wi th the globe (10) of the eye rfsenblhng o
a - representin e
Vjuigrﬁég ?Elipi:rinlig o Rﬂ Q$%§%§ rlc?fegog% ﬁecEVPréggsgsas ofgthree
‘ o and a circu ar. contact end where said contact L
.:"-end compriseo at’ least one active tissue contacting site,
o * the active sitc is in electrical connection with an |
s __insulated conductor residing within said contact end and
: extending to the. support end -

FRas : .17 The eloctrosurgical probo of claim 16,

o Q',jsaid probe compriaing two. active tissue contacting s;tes; -
'j_;O_;”the active -8ites being in’ eloctrical connection with a |
SR oingle inoulatod conductor residing within said contact

”veend and extending to the. support end,

N '13, The. electrosurgical probe of claim 16,
-;15. -said probe -comprising a single active tissue contacting
___;“fsite, said active site: boing located in tho tip of the
'-c}circular contact end o ' o

R 190 The electrosurgical ‘probe of claim 1é,
“;395;:said prohe comprioing a oingle active tissue contaoting
' | site- wherein the active oite comprises an arc of less
'_:than abour. 350° S '

S 20, - The electroourgical probe of claim 1s,
'tlgso_-oaid prohe comprising two activo tissue contacting sites
__jjthat ‘are each in electrical connection with their own
::3oeparato conductor residing within said contact end and
_:Jextending to thc support end ; '

ﬂ 30fﬂ-w-" "-_2;,: The electroourgical probe of claim 16,
Lo sald probae’ comprising a .single active tiaaue contacting
_1,¢site located near the. tip of the contact end on the top
-:jPortion of the probe - - o
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“V-SCIera (13)

‘f:.l' | varrous transparent 30 nedra through

'mngﬁnt hecl fg\htar Irr‘lgmﬁm“smumuzuﬂeachr ng - . the light-sensiti vet reti na
S8 ver | s *ig afibrous protectiv L
- (82). 1“Q9 o mse o ngf which:'i s white.and opaque gﬁﬂa§%*ﬁge the -

S e- si xt hs
posterior frv and sonetrnes referrgg to as the mhrte of the eye wher e

35

U 22, The electrcsurgicel probe of clsim 16, )
-_ssaid 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 probc

_ o 'f 23, An electrcsurgical probe comprising a
) .; support end and.-a straight contact end where said contact
'”jjjend comprises -at least one sctive tissue contacting sitae,
~ . the active.site 4s in elegtrical. connection with a =
| ]iO-_'conductor residing within gaid contact end arm and
| '75~extending to the support end.

o 24, The elcctrolurgicel probe of claim 23,

B - said probe -compriging a single active tissue contacting
.15 .sitc, sald active site extending along the length of the
KR straight contact cnd end located on tho top porticn of

o .the probe.,' o SR :

. 28, The electrosurgicel probe of claim 23, -
20 ' paid probe comprising a two active tissue contacting
- sitcs that are each in eloctrical connection with their
'“cwn separate conductor rcsiding within ssid contact end -
' and extending to the support end

25 . . . 26. - The electrosurgical probe. of claim 23,

L '3seid probe comprising a gingle active tissue contacting
 Bite located near the tip of the contact end located on
o thc top portion of the probe. - |

30 f':---'t[27. -The electrosurgicsl probc of -leim 23,
o - wherein a. single active tissue contacting site is located
. near the tip of. the. contace erid- and . raised and pointed in
the rctrscting direction of the probe. - -
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10 _ ':' .
outer | ayer i's t H H

The anterlor one SIXth of thIS P o
| Pm HI““'F nea (12). - un A nmddle de w
; cover i WQ9BR1SRi nl' y vascul as nutrltlve in funct nma -
- of. the ghorm d, 5. ciliary body (15),  and iris (17). ?ﬁ@‘@%‘éiﬁ .
generally functlons to nalntaln-ﬁhe retlna (18). The C|l|ajy bo_yi .

B _26; ' The electrosurgical probe of claim 23,
ﬂwherezn said contact end is broadened and whereln a-
'[;slngle acnlve tiesue contact;ng site is. located within
’i;the broadened contact end :

o ']: The electrosurg;cal probe of claim 23 . .
f_r,,:wherein aaid contact. end . comprisea ‘a washer-shaped s;ngle -
i r{;active tiseue contact;ng si:e..;l ' : S
18T 30, The electrosurgical probe of claim 23

o wherein said. contac: end compraaes a d;ac-ehaped aingle
“:'pactiVe :1'aue contacting site. o

e '-31 | The electrosurgical probe of claim 30
';:lsjj_wherein a wire loop forms the surface of the dzlc-shaped
'vikj:active s;te ' : : . .

E o 32..f a sesquipolar electroaurgical kxt for
. .,o*electrosurgioally altering the shape of the corneal

:;12Q]3 surface of the- eye, said kit comprising in packaged o
'--'5‘.combinazeon= o

' _',(a) an electroourgxcal probe with at least
- one. active tissue contacting site; and '

AR S (b) a cesqu;polar return electrode that is

“-<f¢25_;'f._gg.e _y] _-7poa;tioned on or. near the oye. '

30
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a

(16) is involved in suspending the lens (21) and accommodat i on of the
| ens. ThWO9§/2154817) is the nost anterior portion of the mddle
cavering of the eye and is 10 arranged in a frontal plane. It is a thin
circular disc similar in function to the di aphragm oPCA/USA%e1683 and i s
perforate near its center by a circular aperture called t he pupi l

(19). The size of the pupil varies to regul ate t he anount of |ight

whi ch reaches the retina (18). It 15 1 tracts also to acconmpdati on,

whi ch serves to sharpen t he focus ﬁdi m ni shi ng spherical aberration.
The iris di vi des the space between the cornea (12) and the | ens

(21) into an anterior chanber (22) and theqgosterior hanmber (23). The
_innernost portion of covering is t A 20 etin ?18),',&} i sting of nerve
el ements which formthe

FIG 2 This Sheet Has Been Replaced
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A

true reC§Ptive portion for visual inpressions. The retina
(18) is Q)Qﬂl]ﬁ'lﬁf the brain arising as an outgromh fromthe
fare-brain, with the optic nerve (24) serving as a fiber tract
connecting the retina part 25 of the brain with the for é’-cgmﬂﬁlﬂlsm | ayer
of rods and cones, lying just beneath a pignmented epitheliumon the
anterior wall of the retina serve as visual cells or phot or ecept ors

whi ch transform physical energy (light) into nerve inpul ses. 30
The vitreous body (26) is a transparentzj/g gel ati nous mass which fills the

posterior four-fifths of the globe (11). At its sides it supports the
ciliary body (16) and the retina (18). A frontal saucer-shaped
depressi on houses the | ane.
' - 106

102
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- A S _ .
The | ens &21) of the eye is a transparent bi- convex body of

crystalli GDSIamar ance placed between the iris (17) and vitreous body
(26). Its axial dianmeter varies markedly with accommﬂmmA ciliary
zonule 5 (27), consisting of transparent fibers passing 613 t he
ciliary body (16) and lens (21) serves to hold the lens (21) in
position and enables the ciliary nuscle to act on it.

Referring again to the cornea (12), thlijo outerm)st fibrous transparent.

coating resenbl20868z=~uR¢ ch gl ass Qurvat ur &' \ReentRegae@at er
than the rest the globe and is ideally spherl , ”mnl i
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- . ' o “
However, often it is nore curved in one neridian than anot her gi ving
riseto é@?ﬁ@@ﬂﬂﬂsn1 Most of the 15 refraction of the eye takes pl ace
t hrough t he cornea. Figure 2 is a nore det aﬂ'_&ﬁ drawi ng of
t he anterior portion of the globe show ng the various 89801613  of
the cornea (12) making up the epithelium (31). An anterior
linmiting lamella (33), referred to 20 as Bowmran's nenbrane or |ayer, is
positi oned between the epitheliun1éb%b and the stroma (32) of the
cornea. Wen | refer to the "corn mass, mean the various stronma
(32) between the Bowran's | ayer (33) and the Descenet's menbrane (34).
The corneal stroma (32) are nmade up of 25 | amal | ae havi ng bands of
fibrils parallel t each other and crossing the whole of the cornea.

‘Whi l e nost of the 244
,r’24°
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fi brous  bands are parallel to the surface, sone are obl i que,

especi al IWoashpy7gorly. A posterior limting lanella (34) is referred
~to,as Descenet's nenbrane. It 30 is a strong nmenbrane sharply defi ned

fromthe stroma (32) and resistant to pathol ogi cal pr w(u?{ t he

cor nea. The endot helium (36) is the nbst posterio 3

| ayer of the cornea and consists of a single |ayer of cells and

function to nmaintain transparency of the cornea 35 (12). These
epithelial cells are rich in glycogen, 6/9

Fig. 154
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- 12 - enzynmes and acetyl choline and their activity reégul ates

the transport of water and el ectrol ytes through the | anel | ae of the
cornea (WO 2188 | i nbus. (37) is the transition zone between the

conj unctiva (38) and sclera 5 on the one hand and the RCTHSH301A3 on t he

ot her.
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A

There are a variety of different electrical - surgi cal” delivery probes
which would be suitable in this I nvention. In general, there are two
di stinct | ectrosurgi cal delivery probe types: the nonopolar 10 probe
and the dWB@ﬁQﬁﬁgrobe. An i n- bet ween el ectrosurgical configuration
applicable to this I nvention also exists and is knownPe‘;[mggﬂmpol ar.
In each instance, sonme section of the human body is used to
conplete a circuit between one pole and the other. In 15 t he nonopol ar
probe device, there is a single active contact which is inserted or
ot herwi se contacted with the hunaﬂ/69dy and it is the site at which
sone body activity, e.g., desiccation, ablation, necrosis,
fulguration, or the like, takes place. To conplete the

400
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20 circuit in a oy L C t here nust be another - . contact
which is inactive an1 B ke gykﬁﬁm?ithe body in a location fromthe
active cW0t9821578By " Euﬂm ' mmﬂi meant that only an insignificant
tenperature rise occ t t contact point. One such nethod of
insuring that 25 the inactive electrode is in fact "inactpchmggmbgyfake
0

It quite large in area. This causes the current to sprea a |large
area for conpletion of the circuit. A bi pol ar el ectrode
typically has tw equal area active electrodes contained in the sane.
el ectrode 30 pr obe- handl e structure. 97195 symmetric bipol ar el ectrode
desi gn produces a signifijcant tenperature rise at both el ectrodes.

In a nonopol ar ggqsesquj go! arS@htfi gurati on, 514

Fig. 23F Fig. 23
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only one el ectrode has an area of tissue contact 35 producing Sisgnizfit ant
tenperature rise. Unlike the

0
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AN ELECTROSURGICAL PROCEDURE RECURVING THE CORNEA

Eield of the Ipvention

This invention is a procedure for the
correction of optical abnormalities in a human eye. It
involves use of an electrosurgical energy probe which may
be of a specific physical configuration as outlined
below. This invention also includes suitable electrodes
for performing the noted proéesa. The process preferably
utilizes a high frequency RF electro-desiccation or
ablation device. The procedure involves the initial step
of fqgmigg.at;least_one_acceas site -allowing access to
the corneal volume behind the Bowman’s layer. It (the
access site) preferably is.placed in the anterior surface
of the cornea through and ending posterior to the
Bowman’s layer of the eye. The electrosurgical probe is
then introduced into the access site and, depending upon
the visual abnormalicy to be corracted, the probe is
activated to adjust the volume of the cormeal atromal
layers through ablation or desiccation. The shape of the
volume desiccated or ablated is dependent upon the
aberration- to be corrected. For instance, if the optical
aberration to be alleviated is hyperopia, a circulax
corneal volume reduction. taking place abouc the ocuter
periphery of the corneal mass may be accomplished. In
other instances, such as for the treatment of
astigmatiem, certain smaller sections of tha peripheral
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- 13 - nonopol ar configuration, however, the sesquipolar return

el ectrode is not so renpte, and thereby limts current fl ow t hrough
the body to the nearby return el ectrode. The return electrode area in
t he sesqui polar 5 configuration electrode is usually at |east three tines
the area of the active el ectrode-and-produces little or no tissue
effect. In sone designs, the seaqui pol ar return el ectrode may be found
on the el ectrode probe- handl e strdfcture while on other designs it may
be 10 separately located in a non-renote region of the body.

There are a variety of effects that may occur

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 veolume adjustment.
These relief cuts may be radial, circular, semicircular
5 or any other form appropriate for the optical adjustment
needed. :

Background of the Invention

Anomaliés'in the overall shape of the eye can

10 cause vigual disorders. Hyperopia ("farsightedness")
occurs when the front-to-back distance in the eyeball is
too ghort. 1In such a case, parallel rays originating
greater than 20 feet from the.aye focus behind the
ratina. 1In contrast, when the front-to-back distance of

15 eyeball is too long, wyopia (“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 §£ light do not focus to a
single point within the eye, but rather have a variable

20 focus due to the fact that the cornea refracts light in a

"  different meridian at different distances. Some degree
of astigmatism is normal, but where it is pronounced, the
astigmatism must be corrected.

' Hyperopia, myopia, and astigmatism are usually

25 corrected by glasses ox contact lenses.

Another method for correcting those disorders
is through ‘the implantaticn of polymeric rings
(intrastromal corneal rings or "ICR’s") in the eye’s
corneal strxdma to change the curvature of the cornea.

30 - Previous work involving the implantation of
polymethylmethacrylate (PMMA) rings, allograft corneal
tissue, and hydrogals is well documented. One of the
ring devices involves a split ring design which is
inserted into a channel previocusly dissected in the

35 stromal 1ayér of the cornea. A minimally invasive




dependi ng upon the el ectrosurgi cal node desired. For I nstance, there
are both high tenperature and | ow tenperature desiccation effects when
the active 15 el ectrosurgi cal probe contact(s) are used to pronote

ti ssue desiccation. The resistance of the tissue in contact with the
active probe el ectrode obviously varies with the tissue tenperature
and water content of the tissue. A low tenperature desiccation effect

i nvol ves 20 heating such that the teaperature-time product causes

tissue necrosis with little inmedi ate denaturation or di scol orati on of
the tissue. A high tenperature desi ccation includes heating tissue

near the cogggg%gg is ‘f‘s&aossuﬁoeaé%ra&uémgoeﬁﬁ Shashkihkhy esgeed

1001 C. In 2 erature vari %lon IS pr cedure there in
inserting the implant See, ftor instance, the use of

PMMA intrastromal rings in U.S. Patents Nos. 4,452,235 to
Reynolds; 4,671,276 to Reynolds; 4,766,895 to Reynolds;
5 and 4,961,744 to Kilmer et al.

Surgical methods for the correction of such
disorders are known. Such methods include radial
keratotomy (see, e.g., U.8. Patents Nos. 4,815,463 and
4,688,570) and laser corneal ablation (see, e.g., U.S.

10 Patent No. 4,941,093).

There are other procedures for reshap;ng the
gurface of the cornea. Scme involve surgery; others do
not. Two patents dealing with the nonsurgical reshaping
of the cornea are U.S. Patent Nos. 4,326,525 to Doss,

1§ et al. and 4,381,007 to Doss. Both of these patents deal
| with the use of radic frequency enexgy to reshape the
cornea of an eya. These involve the uge of RF probes
which are introduced non-invasively onto the cornea.
They each involve an RF generating source which is placed
20 on the anterior surface of the cornea and utilize saline
solution to cool the corneal surface as the radio
frequency current enters the aye. The RF appatently
heats varicus 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 device may ba used in
ophthalmic surgery. The device is only described in the

30 pexformance of anterior capsulotomies.” In that
procedure, a limbal incision is made and the active probe
tip is inserted-between,the'ahteriorucapéﬁle»of=the eye's
lens and the corneal endothelium. The anterior capsule
is seqguentially coagulated, becomes extremely friable,

3 and than is removed by mechanicai-pﬁnettation’with an
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a transient decrease in |local tissue inpedance with - little drying of

tissue. But in the high tenperature variation, there are significant
i ncreases in |ocal ti ssue i npedance and al so significant in |ocal
tissue 30 desi ccati on. I'n the ablation node, the .

el ectrosurgi cal energy density delivered. Largely causes thé tissue
near t he probe contact to vaporize. The tenperature at the

el ectrode/tissue interface is increased=Srgnificantly 35 past the point of
steam formation. The effect of

REPLACEAI ) EN; T SHEEt Y
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

5 of these devices diséuas_practice of a surgical procedure
upen the posterior regions of a cornea.

U.8. Patent No. 4,799,478, to Fedorov et al.
teaches a device for the coagulation of biological
tiésuea,_preferably corneal tissue.- The device disclosed

10 by Fedorov et al. appears to be merely a heating deviece
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

15§ tissues, e.g., cornea" is noted. The patent mentions the

’ need for high acouracy to reach the goal of "to carry out
coagulation of the eya cornea to a specific depth.*
Although it is not clegr what result Fedorov et al.
wighes to obtain in this first patent, Fedorov et al. in

20 U.S. Patent No. 4,907,587, mentione the use. of thermal

: coagulation of the cornea along certain corneal surfaces
to correct various optical abérrationa in the eye. It
should be noted that neither of these patents suggests
the use of ablation or ‘desiccation from the reverse side

25 of the Bowman's layer to effect any change in the
anterior corneal su:faee.-

Summaxy of the Invention

This invention is a method of altering the
30 shgpe of the cornea, often, the anterior surface
curvature of the cornea. The invention also includes
certain electroqu;gical probe configurations useful in
this process. The procedure, in its preferred
variations, does not entall significant surgical
35 modification of the anterior corneal surface or of the .
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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

5 pehetrating and working in the vitreous humor of an eye
using combination stripping tools 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 on the retinal
surface or beneath preretinal membranes. No mention of
treating the cornea is mentioned.

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

15 Latina et al., show noninvasive methods for focal
transcleral destruction of living human eye tissue. 1In
general, these devices and their underlying procedures
involve the use of electric currents for ablating eye
tissue,_particularly the ciliary process. Again, no

20 mention of cornea treatment is seen.

- This invention involves the introduction of an
electrosurgical probe into the 1ayers of the cornea to
modify local gections of ‘that. corneal mass.

- There are a variety of electrosurgical devices

25 known. For 1nstanca. Hetzel, U.S. Patent No. 4,033,351,
shows a bipolnr eutting electxode for high frequency
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.

30 shows a gimilar electrosurgical device for cutting or
coagulation. It has a nonconductive handle with a blade
agsembly having a number of electrodes and an insulatien
member geparating the various elgqtrodeé.

A similar and relatad patent to Degler Jr.

35 et al., U.S8. Patent No. 4,228,800, shows an

¥
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14 - el ectrical resistance varies during a specific radio

frequency (RF) cycle and al though there is sparking, carboni zation is
not usually significant and the effects of the device are relatively
rapid. 5 El ectrosurgi cal ablation and cutting produce an
effect where a thin layer of tissue is vaporized, (cutting) or where a
| arger section of tissue is vaporlagd (ablation). The |ine between
"cutting" and "abl ation" is not alWys clear. 10 In the

procedure specified bel ow as ‘the

Bowman'’s 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. . .

5 "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 cormea. By

10 selectively modifying the volume of these regions, small
amounts of the 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 1light 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 rémoval {volume
change), thereby allowing for change in anterior corneal

20 curvature. |

The inventive procedure may be used for the
traatment of hypercopia (farsightedness) or myocplia. 1In
.thié 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 ‘layar or
through the sclera and into the intrastromal volume of
the cornea. An electrosurgical probe, may be introduced
through the incision and guided around within the corneal
stroma from,the ocuter 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 tegion of the corneaa adjacent to the aétive aveas of

35 the probe. After an appropriate necrosis, removal or
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i nvention, a preferable procedure for this invention is via the

operation of electrosurgical probes operated in cutting, ablation, or
desi ccati on node. Herein, when | refer to the term"vol ume change" or
"vol unme 15 nodi ficationu when referring to the material in the

corneal mass, |- nmean the corneal nmass is either necrosed, desi ccat ed,
or abl at ed. It is quite rare that the current flow through
the device is DC. The current is typiedl-ly a very high 20 frequency
alternating current, typically in the range of 500 Hertz or nore.
Additionally, the RF energy is often delivered in a pulsed or in a

nore conti Nggwd nkiag Bl mederial Q@ehidonpldehed]i theoprdbe dsact effects
desired. Sofe eq C8Y ' ABRALHAG WilrlealR @ HIAGR1MKTR P leolfticith COUT SE
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.
Ancther prefarred 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 sclera 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 gense,
1s thege initial incisions are made in the regions of the
cornea or sclera to allow the electrosurgical probe to
zeach the corneal mass below the anterior surface which
must be reduced to produce & symmetric corneal surface.
In any event, an electrosurgical probe is then introduced
20 through the incisions and a selected amount of material
is removed or desiccated to alleviate the nonregularity
of the corneal anterioxr surface.
Alsc as a part of this invention are certain
' monopolar, bipolar, and sesquipolar electrosurgical probe
25 designs which are espacially guitable for producing the
- gpecific tissue removal patterns desired in thig
procedure.

30 Figure 1 is a2 schematic illustration of a
horizontal section of the eye. .

Figure 2 is a echematic illustration of the
anterior portion of the eye, showing variocus layers of
the cormea.

35

REPLACEMENT w_:

eet Has Been Replaced

TN

s it i




25 I s taken. Wth this |Iengthy background in place, please
refer to Figures 3A through 3D. This series of figures shows, in
schemati c fashion, one procedure for treating hyper opi a
(farsightedness), nyopia, or astigmatism This 30 schematic procedure
shows features which may be common to all of the processes of this

I nvention. GCenerically, the procqﬂyge I ncl udes the step of producing
one or nore i nci sions, often towards the periphery of the cornea.
These incisions penetrate Bowman's |layer in the anterior 35 surface of

the cornea and extend glgyrddiin @ FHLTdH a schematic process for
treatment of hyperopia using the procedure of this
invention.
Figures 4A to 4D show schematic diagrams of
5 astigmatic and normal e&ea.
Figures 5-11 A and B show top and side views of
inventive c¢ircular RF electrosurgical probes..
Figures 12-19 A and B shaw top and side views
of inventive straight RF electrosurgical probes.
10 - Figures 20 A and B and 21 A, B and C show top
' (A and C) and side (B) viaws of inventive disc and washer
RF electrosurgical probes.
Figure 22 shows a desired return electrode for
the sesquipolar probes of the other Figures.
15 Eigpres 23 A-G are schematic diagrams showing
. top views of eyes wherein various processes for
electrosurgically altering corneal curvature have been
carried out. ' '

20 Descrivption of the Invention
Prior to explaining the details of the
inventive procedures and devices, a short explanation of
the physiology of the eye;iﬁ needed.
| ‘Pigure 1 shows a horizontal cross-section of
25 the eye with the globe (10) of the eye resembling a
sphsre with an anterior bulged apharical portion
representing the ‘cornea (21).
The globe (10) of the eye consists of three
concentric eovarings enclosing the various transparent
30 media through which the light must pass before reaching
the light-sensitive retina (82). The outermost covering
is a fibrous protective portion the posterior five-sixths
of which is white and opagque and called the gclera (13),
and sometimas referred to &as the white of the eye where
35
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- 15 - ' above, "the corneal mass or corneal volune."” | also
contenpl ate that the el ectrosurgical probe nay be i nserted into the
corneal volune w thout penetration of

-9-

vigsible to the front. The anterior cne-sixth of this
outer layer is the transparent cornea (12).

A middle covering is mainly vascular and
nutritive in function and is made up of the choroid,

5 ciliaxy 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
anterior 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 ite center by a circular aperture called
the pupil (18). The gize of the pupil varies to regulate
the amount of light which reaches the retina (18). It

1s contracts also to accommodation, which sexrves to sharpen
the focus by diminishing spherical aberration. The iris
divides the gpace betweean .the cornea (12) and the lens
(21) into an anterior chamber (22) and the posterior
chamber (23). The innermoat portion of covering is the

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

The retina (18) is a part of the brain arising
as an outgrowth from the fore-brain, with the cptic nerve
{24) serving as a fiber tract connecting the raetina part
25 of the brain with the fore-brain. A layer of rods and
_cones, lying just beneath a pigmented epithelium on the
anterior wall of the retina serve as visual cells or
photoreceptors which transform physical energy (light)
into nexve impulsés.

30 The .vitreous body (26) is a transparent
gelatinous maas which f£ills the posterior four-fifths of
the globe (11). At ite sides it supports the ciliary

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

35
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the anterior surface cornea, e.g., by access through a 5 partial depth

I ncision nmade in the sclera next to the cornea. In any event, if an
anterior access parti al depth incision is contenplated, an optional
step at this point may be the insertion of a non-el ectrosurgical

| anel | ar separator to separate the various stroma 10 | amal | ae within the
cornea at the depth of the entry g ision. This allows the subsequent
step of inserting t he el ectrosurgi probe to take place with greater

ease. The probe itself may serve the functlon of i ntral anel | ar
separator, if so-desi i iy 1f1) YLUNO Gila N Aiapardrll nAlICEd Tnto

the stronal | anel cavit roduce endi n an the design
of the inser¥RVYF e‘i‘?‘}Y) g?%e/ 310165’ ‘?ﬁﬁp Priaceq‘-i Btuder® o

iris (17) and vitreous body (26) Its axial diameter
varies markedly with accommedation. A ciliary zonule
5 (27), consisting 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. '
Refexring again to the cornea (12), this
10 outermost f£ibrous transparent coating resembles a watch
glags. Its curvature is gomewhat 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 astigmatiam. Most of the
15 <refraction of the eye takes place through the cornea.
| Figure 2 is a more detailed drawing of the
anterior portion of the glcbe showing the various 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 Pgéitioned between the
epithelium (31) and the strema (32) of the cornea. When
I refer to the “corneal mass," I mean the various stroma
(32) between the Bowman’s layer (33) and the Descemet’s
| membrane (34). The corneal stroma (32) are made up of
25  lamellae having bands of fibrils parallel to 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 Dascemet’s mambrane. It
30 ig a strong membrane sharply 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 of a aingle layer of
cells and function to maintain transparency of the cornea
35 (12) . These epithelial cells are rich in glycogen,
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refractive effect desired, the probe is noved inside the - intral anel | ar
space previously forned and activated to 20 desi ccate or ablate specific

geonetric regions of the cor nea. Desirably, after the conpletion of
t he corneal vol une abl ation or desiccation step, the curvature of the
corneal surface is then neasured. The procedure may be repeated if

I nsufficient correction has occurred. 1£31285 needed, Bowran's | ayer and a
smal | anmount of underlying stromal tissue may be lightly cut on the
anterior surface adj acent to or above the site of the volunme reduction
to al | ovy dCHcéE¥IEKHl£HEféH&Eﬁﬂéiiﬁﬂﬁxhvity regulates

(100) "havi Lg%ap?e 5 ohgared She ardbeidiybes pli? il 1T o2
cornea (104) lamellae of the cornea (12). The limbus (37) is the
transition zone between the conjunctiva (38) and sclera
5 ori the one hand and the cornea (12) on the other.

There are a variety of different electrical
surgical delivery prcbes which would be suitable in this
invention. 1In general, there are two dlstinct
electrosurgical delivery probe types: the monopelar

10 pzobe 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 circuit between one pole and the other. 1In

is the monopolar probe device, there is a single active

; contact which is inserted or otherwise contacted with the
human body and it is the site at which some body -
activity, e.g., desiccation, 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 insignificant temperature rise occurs
at that contact point. One such method of insuring that

25 the inactive electrode 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 hag two equal
area active electrodes contained in the same electrode

30 pzrobe-handle structure. This symmetric bipolar electrode
degign produces a significant temperature rise at both
electrodes. :

In a monopolay or aesquipolar configuratien,
only one electrode has an area of tissue contact
35 producing significant temperature rige. Unlike the
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found two small partial depth incisions (106) which have been cut
through Bowran's |ayer into the corneal mass as shown in Figures 1 and
2. These incisions may be cut 35

-12-

monopolar configuration, however, the sesquipolar return
electrode is not so remote, and thereby limits current
flow through the body to the nearby return electrode.
The return electrode area in the sesquipolar
5 configuration electrode is usually at leaat 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
10 separately located in a non-remote regien 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
1s electrosurgical probe contact(s) are used to promote
P tigsue desiccation. The resistance of the tissue in
contact with the active probe electrode obviously varies
with the tissue temperature and watex ¢ontént of the
tissue. A low temperature desiccation effect_involvea
20 heating such that the temperature-time product causes
tigsue necrosis with little immediate denaturation or
'diacoloration of the tissue. A high temperature
desiccation includes heuting tissue near the conducting
probe contact to approach or slightly exceed 100°C. 1In
25 the low :empgraturéfva:it;ion of this procedure, there is
a transient decrease in local tisaue'imbedance with
little drying of "tissue. But in the high temperature
variation, there are significant increases in local
tiasue impedance and algo significant in local tissue
30 desiccation
In the ablation mode, the electrosurgical
eneigy density delivered largely causes the tissue near
the probe contact to vaporize. The temperature at the
elactrode/tissue interface is increased eignificantly
35S past the point of steam formation. The effect of

¥
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- 16 - radially or circunferentially and are shown for

di scussi on purposes to be radial. It should be understood,
however, that although two access partial depth incisions (106) have
been S portrayed in Figure 3A the nunber of such access sites (106)
is not inportant. If a sem -circular lanellar separator (108) as shown
in Figure 3B is used, then the nunbers f access sites (106) may be
desirably two in nunber. If lanellar E%parators of - shorter arc

segment s

electrical remistance varies during a specific radio
frequency (RF) cycle and although there is sparking,
carbonization is not usually significant and the effects
of the device are relatively rapid.

5 Electrosurgical ablation and cutting produce an
effect where a thin layer of tissue is vaporized:
(cutting) or where a larger section of tissue is
vaporized (ablation). The line between "cutting® and
vablation" is not always clear.

10 In the procedure specified below as the
invention, a preferable procedure for this invention is
via the operaticn of electrosurgical probes operated in
cutting, ablation, or desiccation mode. Herein, when I
refer to the term "volume change" or “"volume

18 modification® when referring to the material in the-
céragal mass, I mean the corneal mass is either necrosed,
degliccated, or ablated.

It is quite rare that the current flow through
the device is DC. The current is typically a very high

20 £requency alternating current, typically in the range of
500 Hertz or more. Additionally, the RF enazgy is often
delivered in a pulsed or in a more continuous, non-pulsed
operation depending on the exact effects desired. Some
residual heating will take place no matter which courae

26 i@ taken. C ' :

With this lengthy background in place, blease
refer to Figurea 3A through 3D. This series of figures
shows, in schematic fashion, one procedure for treating
hyperopia (farsightedneass), myopia, or astigmatism. Thie

30 schematic procedure shows features which may be common to
all of the processes of this invention. .Generically, the
procedure includes the step of producing one or moze
incisions, often towards the periphery of the cornea.
Thage incisions penetrate Bowman’s layer in the anterior

35 surface of the cornea and extend down into, as defined
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10 are used, nore nunerous slits may be desired. If a nearly

circular lanellar separator or el ectrosurgical probe is used, a single
access site (106) may be sufficient. Fi gure 3B shows
the introduction of the 15 - optional dlssector bl ade or | anell ar separator
(108) to separate the lanella found in the cornea. The separator

(108) is rotated until a circular channel *£4-made in the cor nea

peri phery, and is rotated back out of the eye. A simlar procedure

t akes place on the other access site as 20 shown in Figures 3A and 3B.
Fi gure 3C showsahdme "the nemriealn mHsm R aneslurvplone g obde d4Xr® t he

route for negh | iy d:h?hé ’Eﬁ%tt{mlé@ﬂ&hw g dBed Wiy o - The

probe may be ener r:ed iAééW%ﬂE’ §HL§¥(%$fE%¥téf¥hout penetration of

the anterior surface cornea, e.g., by access through a
5§ partial depth incision made in the aclera next to the
cornea. In any event, if an anterior access partial
depth incision is contemplated, an optional step at this
point may be the insertion of a non-electrosurgical
lamellar separator to separate the various stroma
10 lamellae within the cornea at the depth of the entry
incision. This allows the subsequent step of inserting
the electrosurgical preobe to take place with greater
eage. The probe itgelf may serve the function of
intralamellar separatoy, if so.desired. The
s electrosurgical probe is introduced into the stromal
' lamellar cavity sc produced. Depending upon the design
of the inserted electrosurgical probe and on the
refractive effect desired, the probe is moved inside the
intralamellar space previously formed and activated to
20 desiccate or ablate specific geometric regions of the
cornea.  Desirably, after the completion of the corneal
volume ablation or desiccation step, the curvature of the
' corneal surface is then measured. The procedure may be
repeated if ingufficient correction has occurred. 1If
'25 needed, Bowman’s layer and a small amount of underlying
stromal tissue may be lightly cut on the anterior surface
adjacent to or above the gite of the volume reduction to
allow the anterior corneal surface to change.
Returning to the specifica of Figures 3A teo 3D,
30- Figure 3A shows an eye (100) having a pupil (102) and a
cornea (104). In the outer radius of cornea (104) is
found twoc small partial depth incisions (106) which have
been cut through Bowman‘’s layer into the corneal mass as
shown in Figures 1 and 2. These incigions may be cut
35
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or may be energized in a stoh, nove and activate node. 25 The step of

renovi ng and/ or shrinking tissue is continued until sufficient tissue
has been abl ated or desiccated to achi eve the desired refractive
ef fects. Fi-gure 3D shows the eye (100) after conpletion

of the ablation procedure. It may be desirable to place 30 a small stitch
(112) in any access site (106) in the =15- cornea to ensure: healing of the

access site and mnim ze t he potential for infection. Figure 3E shows
t he eye (10 2 following relief cuts (114) that  may be necessary
in some inst¥Rdially or| eirewnterputizily ARRpre PRavR £8r {0 nore closely

conformto tdiesiéeidyi parposeeato tbe srmdial.
Ic aﬁould be underatood, however, that although
two access partial depth incisions (106) have been’

8 por:fayed in Figure 3A, the number of such access sites
(106) is not important. If a semi-circular lamellar -
separator (108) as shown in Figure 3B is used, then the
number of access sites (106) may be desirably two in
number. If lamellar separators of shorter arc segments

10 are used, more numercus slits may be desired. If a
nearly circular lamellar separator or electrosurgical
prcbe is used, a single access site (106) may be
sufficient.

Figure 3B shows the introduction of the

15 ocoptional disgector blade or lamellar separator (108) to

' separate the lamella found in the cornea. The separator
(108) is rotated until a circular channel is made in the
corneal periphery, and is rotated back out ‘of the eye. A
gimilar procedure takes place on the other access site as

20 shown in Figures 3A and 3B. Figure 3C shows the

" insertion of an eiectrognrg;cal probe into the route
formed in the intrastromal regipﬂ,shpwn in Figure 3B.

The probe may be energized following complete insertion
or may be energized in a stop, move and activate mode.

25 The step of removing and/or shrinking tissue is continued
until sufficient tisaue has been ablated or desiccated to
achieve the degired refractive effects.

Figure 3D shows the eye (100) after completion
of the ablation procedure. It may be desirable to place

30 a small stiteh (112) 4{n any access site (106) in the
cornesa to ensure healing of the access site and minimize
the potential for infecticn. Figure 3E shows the eye
(100) following relief cuts (114) that may be necessary
in some instances to allow the anterior corneal surface

35 to more closely conform to the underlying corneal tissue
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r enoval (volune'change) thereby allowing for greater

-16-

removal (volume change) thereby allowing for greater
change in anterior corneal curvature. These relief cuts
may be circumferential as shown or they may be radial
depending on the desired refractive effect. Further, the
relief cuts may be continuous or may be interrupted as
shown. In any case, these cuts will be shallow cuts such
that they penetrate Bowman’s layer and pcssibly a portion
of the underlying corneal stroma.

The above-degcription generally indicates the
method of the present invention. Specific pxobe
configurations and method of treatment will be described
in the Examples below.

It should be apparent from the description
above, that the step of desiccating, necrosing or
ablating the tissue from within the corneal mass lessens
the volume of that mass in specific regions of the
cornea. Consequently, the anterior sections of the
cornea will become flatter or steeper and ﬁill alleviate
the improper previous refraction of light. Some of the
possible changee in corneal thickness and their
relationship to the radius of curvature of the central
corneal surface are described . in -Joges _Barraguex: Father

Qf Modexn Refractive Reratoplagtyv, in Refractive and
Corneal Surgery, Vol. S, May/dune 1989, pages 177-193,
which is hereby,inco:porate¢ by reference in its
antiraty. This paper describes the so-called "Law of
Thickness* which indicates that when corneal voelume is
reduced in the periphery, central corneal steepening'
occurs and when a volume of tissue is removed in the
center, central corneal flattening occurs. The inventive
electrosurgical method and devices aim to reduce corneal
volume in controlled gecmetric areas of the corneal

‘stroma to achieve refractive correction.

The method and devices of the present invention
may also be useful in the treatment of astigmatism.
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change in anterior corneal curvature. These relief cuts may be

circunferential as shown or they may be radi al dependi ng on the

desired refractive effect. Further, the 5 relief cuts may be continuous or
- may be interrupted as shown. In any case, these cuts will be-shall ow

cuts such that they penetrate Bowran's |ayer and possibly a portion

of the underlying.corneal strona. -17- The above-description

generally indicates the 10 nethod of the present invention. Specific

pr obe configurations and nethod of treatnent will be described - in

t he Exanples
description
abl ating the
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passes about the meridians on the anterior surface of the
cornea resulting in a steep and flat axis (the astigmatic
axis). Figure 4A and 4B are .schematic perspective views
that show an astigmatic and normal eye, respectively. 1In
an astigmatic eya, two axes are generally identified,
corresponding to the steepest (120} and flattest (122)
axis of curvature. The steepest axis is also known as
the axis of astigmatism (120). To correct- astigmatism
using this invention, one must flatten the curvature of
the astigmatic axis such that the cornea becomes
reasonably symmetrical and more spherical. Figure 4B
shows a normal eye, that is, one in which the curvature
of all axes are the same. Figures 4C and 4D show
schematic topographical curvature maps of an astigmatic
and of a non-astigmatic eye, respectively. 1In Figure 4C,
region 130 is the steap region where as region 132 is
flatter. -
Other configu:ations of_acqess sites and
controlled removal of cornmeal tissue are apparent. Thege
will be discuased for particular applications in the
Examples below. Further, It should be apparent to one
apprecliating the design of such electrosurgical RF
probes, that the shape need not be nearly circular. It
may be, tuch in the same way as were the lamellar
separators (108) in Figure 3B, that the probes have
lesger arc length or are straight for alleviating
hyperopia. 1In fact, for treating hyperopia or other
maladies, the probe may be of any convenient shape
demigned to ablate the tigsue at hand. Such shapes will
be discussed in more detail below. Further it may be
noted that the handlea of the probes may be straight or
bent. A bent handle may allow greater facility of use
within the small confines found behind an access site as
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the volune of that mass in specific regions of the cornea.
Consequently, the anterior sections of the cornea W ll becone flatter
or steeper and will alleviate t he i nproper previous refraction of
light. Sone of the::20 possible changes in corneal thickness and their
relationship to the radius of curvature of the central corneal surface
are described in Jose Barraguer: Father gof Modern Refractive

Ker at opl asty, in Refractive and CbrneaF Surgery, Vol. 5, My/June
1989, pages 177-193, 25 which is hereby incorporated by reference in its

entirety. This p dﬁ?%r}é’\?ﬁ?é\@ &g&ﬁ{d; ;ﬁ@é%& fona 1y Tmr&kness" whi ch

i ndi cat es t hat en cornea In t er1 pher
central corneal BEQRSAENTGR and %‘E:"c,‘iﬁ'% %&%&F?W Lﬁfb"%ﬂ? ’Eé&?éyﬂ%e

renoved in the useful in the treatment of more than one indication, for
example myopia and astigmatism or hyperopia and
S astigmatism.

Figures 5-11 A and B show top (A) and side (B)
views of circular electrosurgical probes suitable for use
in the schematicﬁpzoceduxe.described above. Figqures SA
and B show a circular RF electrosurgical probe with two

10 active sites that operate in monopolar or sesquipolar

' modes. The probe (200) includes a shaft (202) and two

active sites (204), each active site having an arc of
legs than about 180°, preferably less than about $0°.
The single source of RF energy (206) is fed in through

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

) 6A and B show a circular RF electrosurgical probe (210)
with a single active site (212) at the tip. 2again, the
single source of RF energy (214) is fed in through the
irngulator making up the probe. Figure 7A and 7B show a

20 circular RF electrosurgical probe (220) with a single
active gite (222) extending the length of the circular
portion of the probe.. - Once-more, -the single source of RF
energy (224) is fed in through the insulator (226) making
up the probe.. Figures 8A and B show a circular RF

25 electrosurgical probe (230) with two active gites (232)
near. the tip of the probe that operate in bipolar
fashion. Two sources of RE enafgy-(234-and 236) are fead
in through the insulator (238) making up the probe.
Figures SA and B show a circular RF electrosurgical probe

30 (240) with a single active site (242) near the tip, the
active site shown in Figure SA to be on the top part of
the probe. A aingie source of RF energy (244) is fed in
through the insulator (246). Figures 10A and B and 11A
and show other circular RF elactrosurgical probes (250

35 and 260 respectively) with single active sites (252 and
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30 center, central corneal flattening occurs. The inventive

el ectrosurgi cal nethod and devices aimto reduce corneal vol unme in
controll ed geonetric areas of the corneal stroma to achieve refractive
correction. : The met hod and devices of the present invention
35 may al so be useful in the treatnent of astigmatism

-19-

262 respectively) near the tips of the probes. A single
source of RF energy (254 and 264) is fed in through each
probe. Figure 10B shows the active site (252) to be
located at the tip but exposed on one side and Figure 11B
5 shows the active site (262)'to be located at the tip but .
insulated on the top and thus exposed on one side only.
Both probes depicted in Figures 10 A and B and 11 A and B
are designed to contact tissue in either the forward or
rvetracting direction to the active site on the probe, the

10 retracting direction.

| Figure'lz-ls A and B show top (A) and side (B)
views of straight electrosurgical probes suitable for use
in the ‘schematic procedure described above. Figures 12A
and B shows a straight RF surgical probe (300) with a

15 single active site (302) extending along the length of

| the probe. A single source of RF energy (304) is fed
through the probe. Figures 13A and B show a straight RF
electrosurgical probe (310) with two active sites (312)
extending along the length of the probe that cperate in

20 Dbipolar fashion. Two sources of RF energy (314 and 316)
are fed in through the insulator (318) making up the
probe. Figurﬁs-13-19-a and B show other straight RF
electrosurgical probes with eingle active sites near the
tips of the probes. A single source of RF energy is fed

25 4in through each probe. Figures 14 A and B show the
active sita (322) to be located near the tip of the probe
(320) and on top of the probe such that the active site
is raised and pointed in the retracting direction of the
procbe. Figures 15A and B show the active site (332)

30 siﬁilarly.locacad near the tip of the probe. The end of
the probe is raised and the active gite (332) is located
on the raised part of the tip pointing backwards, the
active pite being exposed on two sides. Figures 16A and
B gimilarly show the active site (342) raised at the end

35 of the probe pointing backwards (340), but the active
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-18 - Astigmati smoccurs, generally, when the curvature of the
anterior surface of the cornea is not regular as one passes about the
nmeridians on the anterior surface of the cornea resulting in a steep
and flat axis (the astigmatic 5 axis). Figure 4A and 4B are schenmatic
perspective views t hat show an astigmatic and nornal eye,
respectively. In an astigmatic eye, two axes are generally identified,

site is imbedded in the insulating curve of the probe,
thereby exposing the active site on one side only.
Figures 17A and B show the active gite (352) at the tip
of a straight probe (350), the active site being exposed
5§ on one side on the tip portion alone. Figures 1BA and B
show the active site (362) near the end of a straight
probe (360). The probe is broadened at the active gite.
Figures 19A and B again show a straight RF
electrosurgical probe (370) with a curved tip, with the
10 active site (372) again raised and pointing backwards and
slightly upwards the active gite being exposed on one
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
5 tip. In this design, the ablation or desiccation takes
place either as the device is pushed forward or as it is
pulled backwards, or retracted from the lamellar’
separation channel. Upon exposure to tigsue and
elactrode activation, the active site will vaporize or
20 - desiccate the tissue. It may be desirable to provide a
second lamellar channel to allow for the for the relief
of gases produced by the probe when used in the ablation
mode or to incorporate grooves in the probe portions that
insert into the tisaue to allow the escape of gases 80
25 produced. '
Figures 20 and 21 A and. B show top (A) and side
(B) view of RF electrosurgical disc and washer probes
(400 and 410 regpectively). A single RF energy source is
fed througlr each probe. The disc probe (400} is a
30 circular proba with & circular active site (410). The
washer probe (410) .is a circular probe with a circular
active site (412) with a hollow middle (414). Each of
these probes may have a flat surfacs as shown in Piguree
20A and 21A or may be curved to conform to the curvature
35

Rtmmae
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corresponding to the steepest- (120) and flattest (122) axi s of
curvature. The steepest axis is also known as 10 the axis of astignmatism
(120). To correct astigmatism using this invention, one nmust flatten
t he curvature of the astigmatic axis such that the cornea becones
reasonably symmetrical and nore spherical. Figure 4B shows a nor nal
eye, that is, one in which the curvature.gp. of all axes are the sane.

Fi gures 4C and 4D show schemati ¢ topographi cal curvature naps of an
astigmatic and of a non-astigmatic eye, respectively. In Figure 4C,
regi on 130 i sofhehat e6pnéggi othehaliscaprobei ARylBdvesa wiref habper. 20

fﬁggLecgpglggég%gﬁgé $ﬁéggcgﬁssﬁb§ﬁsiﬁngigure Egegrolled renoval of corneal
_ The above deacribed probes are useful in the
partiqular examples discussed below. The Examples are
5 4illustrative only and are not intended to limit the scope
of the invention. For the precbes that have only cne
conducting lead to deliver RF energy (i.e. monopolar or
sesquipolar) a return electrode is necessar&. In some
instances this may be placed remotely on the body. 1In
10 other cases, the use of a sesquipolar return electrode
may be desired using a return electrode that is placed
onto the sclera or translimbal area of the cornea.
Figure 22 ghowa a desirable manner for placing
a seaquipolar return electrode on the exterior of the
15 cornea, or onto the sclera (344). This return electrode
may simply rest on the cornea or sclera as shown or may
be held in place by a vacuum attachment cavity built into
the electzrode. As noted above, the area of this return
-glecttoge (342) where it contacts the eye is without much
20 exception constant. Because of its significantly higher
area as compared to the active tigsue contacting
electrodes described above, the tendency for the return
electrode (342) to heat to a significant degree is
minimized. The sesquipolar electrosurgical system
25 described above is an embodiment of this invention that
can enhance the safety of this ophthalmologic operation.
The following Examples are intended to describe
particular embodiment of the invention but are in no way
intended to limit the invention in any manner.
30 '
Examples
Example 1 - The Correctiop of Agticmatiem
In order to correct the astigmatic eye shown in
Figures 4A and 4C guch that it bacomes more similar to
35 that shown in Figures 4B and 4D, a process similar to

REPLAGEMENT SHEET

This Sheet Has Been Replaced 18 MAR 1997 ,

WA




wi |l be discussed for particular applications in the Exanpl es bel ow.
Further, It should be apparent to one appreci ating the design of such
el ectrosurgi cal RF 25 probes, that the shape need not be nearly circul ar.
It may be, much in the sane way as were the |anellar separators
(108) in Figure 3B, that the probes have | esser arc length or are
straight for alleviating hyperopi a. Lgatact, for treating hyperopia or
other 30 nul adies, the probe may be of any conveni ent shape desi gned
to ablate the tissue at hand. Such shapes w || be discussed in nore

may be stral ghithgt debdpliia Yhove with Seddil 4‘6“ grei?e‘?f%ﬁa?ﬁ P[;’bﬁf
use 35 within cdrried| PutonfAhahawind FEguRe radial or
circumferential partial depth incis;ons (500) are made in
the periphary of the cornea. A lamellar separator is
8 inserted to create a 20ne of separated lamellae (502) and
(504) for the insertion cof the electrical probe.

Two different approaches are possible to
correct the astigmatic eye. 1In the first approach shown
in Figu a 23C the radial partial depth incigions and

10 radial zone of separated lamellae will be formed beneath
the astigmatic axis (506). Following separation of the
lamellar tissue, one of the straight RF probes shown in
Figures 14-15 A and B is inserted through the partial
depth incigion (500). The probe is then activated to

15 change the paracentral corneal volume (508), that is the

' volume near the center of the cornea, by ablation of the
tissue under the figure-8-shaped astigmatism shown in
Figure 23A and 23C. The choice of RF probe design is
dependent on the amount of tiasue to be ablated. Once

20 ablation is completed, the probe is withdrawn. Relief
cuts on the anterior cornea may be necessary as described
above to allow the purface of the cornea to conform to
the underlying tissue yemdval. In thig way, the steep
astigmatic axis is flattemed such that the cornea becomes

25 reasonable gymmetrical and spherical.

A sécqu approach to the trsatment of an
astigmatic eys i8 to steepen the flat astigmatic axis as
shown in Figure 23A. 1In this approach, the lamellar
separation zone will be formed in the periphery of the

30 coxrnea (502). The partial depth incision (500) is placed
in the corneal periphery, beneath the astigmatic axis.
Following separatién of the lamellar tissue, one of the
circular RF probes shown in Figures 5§, 6, 8, 9, 10, and
11 A and B, probes (200), (210), (220), (230), {240),

3s (250) and (260) respectively, is inserted 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
tissue (501) under the flat axis of astigmatism axis
(507) as shown in Figure 23A. Thus some probe
configurations can be used either in the ablate or in the
desiccation mode. Probe (200) is operated by inserting
it into the lamellar tissue, actlvating it, deactivating
it, and then removing it. Probes (210), (230), (240),
(250), and (260) are operated by inserting into the
lamellar tissue, activating, deactivating, rotating toc a
gecond position to be desiccated or ablated, activating,

‘and then removing. Again, the choice of RF probe design

is dependent on the amcunt of tissue to be ablated or
desiccated. Once ablation or desiccation is completed,
the probe is withdrawn. Relief cuts to the anterior
cornea may be necessary as described above to allow the -

"surface of the cormea to conform to the underlying tissue

modification. In this way, the flat, astigmatic axis
(507) is steepened such that the cornea becomes
reagonable symmetrical and gpherical.

_ ) : : . . .

‘In order to correct hyperopia a process similar

- to that descyibed above with regard to Figures 3A-3D is

carried out. As shown in Figures 238, 23D and 23E,
radial or circumferential partial depth incisions (510)
are made in the periphery of the cornea. A lamellar
separator is inserted to create a lamellar pathway (512)
for the insertion of the electrical probe.

Two different approaches are possible to
correct the hyperopic eye. In the first approach, shown
in Figure 23B partial depth incisions (510) are made in
the peripheral cornea and a circumferential lamellaxr

EEPFﬁCEMtNT Stdﬂj
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- shown in the above drawi ngs. Additionally, the procedures and devi ces
of the present invention nay be useful in the treatnent of nore than
one indication, for exanpl e nyopia and astigmatim or hyperopia and 5
astigmati sm Figures 5-11 A and B show top (A) and side (B)
views of circular electrosurgical probes suitable for use in the
schematic procedure described above. Fi gurgg.5A and B show a circul ar
RF el ectrosurgical probe with two 10 active sites that operate in
nonopol ar or sesqui pol ar nodes. The probe (200) includes a shaft (202)

P2 ran oI AR s RIS S S BB B cOnen:

surface. Following separation of the lamellar tissue,
one of the circular RF probes shown in Figures é-11 A and
B is inserted through the partial depth incision (512).

5 The probe is then activated to change the volume by
ablation or desiccation of the tissue (514) in the
channel. The choice of RF probe design is dependent on
the amount of tissue to be ablated or desiccated. Probes
(210), (220), (230), (240), (250) and (260) will allow

10 for desiccation of the channel. Probe (220) is operated
by inserting it into the lamellar tissue, activating it,
deactivating it, and then removing it. The other probes
are cperated by inserting them into the lamellar tissue,

. activating, deactivating, rotating to a second position

15 to be ablated, activating, deactivating and repeating

' this procesé until the entire channel is desiccated, and
then removing it. Probes (210), {240), (250) and (260)
will allow for ablation of the channel. The probes are
cperated by insertion into the lamellar tissue,

20 activation,'deaetivation; rotation to a second position
to be ablated, activation, and repeating until the entire
channel is ablated, followed by removal of the probe.
Probes (250) and (260) can also be operated by complete
insertion into the lamellar tissue, activation,

25 deactivation, pulling partially back out of the tissue to
a second pohitiqp to.be'abla;ed, activation, deactivation
and igpétition of this process until the entire channel
is ablated, followed by removal of the probe. Aagain,
relief cutg in the anterior of the cornea may be

30 necessary as deescribed above to allow the surface of the
cornea to conform to the underlyihg tissue removal. 1In
this way, the central corheal surface is steepened such
that the cornea curvature is improved.

A second approach to the treatment of a
as hyparopic eye is to use a straight RF probe. 1In this
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fhe single source of RF energy (206) is fed in through 15 the insul ator

(208) making up the probe (200). Figures 6A and B show a circular RF
el ectrosurgi cal probe (210) with a single active site (212) at the
tip. Again, the single source of RF energy (214) is fed in through the
I nsul ator making up the probe. Figure 7A and 7B show a 20 circular RF

el ectrosurgical probe (220). with a siT%® active site (222) extending
the length of the circular portion of the probe. Chce nore, the
singl e source of RF energy (224) is fe t hr ator (226)
maki ng pe?¢nﬁyﬂﬂﬂﬁ9ﬂ°hF?géF Apﬁﬁﬁiggsﬂ {ﬁéikf ar ﬁ%fgg

el ectrosur gi cake pnakee iE230e pevichewy A8d 9e°§|!‘%§e( lameldAr the tip

of the probe phgirOPRiRNeB Sk@ofcrmed as Bhownoin Ffbnuesoalnesndaf RF
energy (234 QQE.ZEgalfﬂwinEegeparation of the lamellar tissue, one of
s the straight RF probes shown in Figures 12-19 A and B is
inserted through each partial depth incision (510) -in the
lamellar separation zones (512) and (514). The probe is
then activated to change the volume by ablqtion or
desiccation of the tissue in the channel. The choice of
10 RF probe design is dependent on the amount of tissue to
be ablated or desiccated. - Probes (300), (310), (320),
(330), (240), (350), (360) and (370) will allow for
desiccation of the channel. Probes (300) and (310) are
operated by ingertion into the lamellar :issue,
15 activation, deactivation, and then removal. Probes
' (320), (330), (340), (350), (360) and (370) are cperated
by inserting into the lamellar tissue, activating,
deactivating, moving to a second position to be ablated,
activating, deactivating and. repeating this process until
20 enough of the channel is degiccated, and then removing
the probe. In this way the tissue desiccated can either
form a continuous path (516) or ¢an be interrupted points
along the radial lamellar geparation chanhel (518).
Prcobes (320)-(370) will allow for ablation of corneal
25 wvolume inside the radial lamsllar nepa:ution channel .
Probes (320), (340). (350), (360) and (370) are operated
by ingertion into the lamellar eissus. ‘astivation,
deac:ivacion. meving it further into the tigsue to a
- second position to be ablated, aqtivauion. and repeating
30 until the entire channel is ablated, and then removal.
The same probes can also be operlted by complete
insertion into the lamgllar aepa:aCLoa channel,
activation, daaettvation, pul}ing back out of the tissue
channel to a gecond position to be ablated, activation,
35 deactivation and repetition of the process until the
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in through the insulator (238) making up the probe. Fi gures 9A and B
show a circular RF el ectrosurgical probe 30 (240) with a single active

site (242) near the tip, the active site shown in Figure 9A to be on
the top part of the probe. A single source of RF energy (244) is fed
in t hrough the insul ator (246). FIgUFEé 10A and B and 11A and
show ot her circular RF el ectrosurgical prob é (250 35 and 260

respectively) with single active sites (252 and

enough of the channel is ablated, followed by removal of
the probe. Again, relief cuts may be necessary in the
anterior cornea as described above to allow the surface
of the cornea to conform to the underlying tissue

5 removal. 1In this way, the corneal surface is steepened
centrally such that the corneal curvature is improved.

- X i i
In ordexr to correct myopia the process similar
10 to that described above with regard to Figures 3A-3D is
carried out. As shown in Figures 23F and 23G, radial or
circumferential partial depth incigions (520} are made in
the periphery of the cornea. A lamellar separator is
inserted to create a radial lamellar separation channel
1s (522) toward the center of the pupil for the insertion of
. the electrical probe.
For correction of myopia, the lamellar path
(522) will be formed under or near the central or
paracentral portion of the cornea. Following separation
20 of the lamellar tissue, one of the straight RF probes
shown in Figﬁres 14-19 A and B or the disc or washer
probes shown in Figures 20-21 A and B is inserted through
the peripheral partial depth incision (520) into the
lamellar separation channel (522). The probe is then
25 activated to changa the volume by ablation of the tissgue
in the channel, ﬁhe volume change (524) resulting from
the uge of the disc-shaped probe (400) is shown in Figure
23F and volume change (526) resulting from the use of the
washer-sha?ed probe (410) is shown in Figure 23G. The
30 choice of RF probe design is dependent on the amount of
tissue to be ablated. Probes (320)-(370) will allow for
ablation of the channel. The probes are operated by
ingertion into the lamellar tissue, activation,
deactivation, advancing the probe into the channel to a
as second position to be ablated, activation, deactivation,
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- 20 - . 262 respectively) near the tips of the probes. A single
source of RF energy (254 and 264) is fed in through each probe. Figure
| OB shows the active site (2S2) to be | ocated at the tip but exposed
on one side and Figure 11B 5 shows the active site (262) to be 1ocated
at the tip but «27-

repeating the process until the entire channel is
aklated, and then the probe is removed. The probes can
also be coperated by complete insertion into the lamellar
aéparation channel, activation, deactivation, pulling out
5 of the channel to a second position to be ablated,
activation, deactivation and repeating the process until
the entire channel is ablated, and then the process is
removed. Probes (400) and (410) are operated by
ingertion into the lamellar separation channel (522),

10 activation, deactivation and removal from the channel.
Again, relief cuts in the anterior cornea may be
necessary as described above to allow the gurface of the
cornea to confofm_to the underlying tissue removal. 1In
this way, the corneal surface in the central corneal area

15 4ig flattened such that the cormeal curvature is improved.

The foregoing examples of procedures and

devices according to the present invention are only

20 representative and are not meant to be in any manner
limiting. Other embodiments, areas of application,
methods of use of the present invention, within the scope
of the claims appended hereto, will be evident to those
gkilled in thias art. Othar embodiments of the procedures

28 without thz scope of the claims but within the epirit of

: inwention described herein are considered to be

equivalent to those procedures and: devices claimed.

30

38
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i nsul ated on the top and thus exposed on one side only. I l' “[I m ﬂﬂ ul“l
depicted in Figures 10 A and B and 11 A and B are desi *

tissue in either the forward or retracting direction to the active
site on the probe, the 10 retracting direction. Fi gure
12-19 A and B show top (A) and side (B) views of straight

el ectrosurgi cal probes suitable for use -~ 8-in the schematic procedure
descri bed above. Figures 12A and B shows a straight RF surgical probe

(300) with a 15 _single active site (302) extending along the | ength of
t he probe. A:i4ﬁ#ﬁiéLﬁ§+¥x€iﬂ¥ﬂﬂ$;ﬁéby (304) is fed t hrough the
probe. Figures 13A and B show A stocadyite [For altesing ruberafiaps off aiie
(310) with two ARtdYEsSidEmdil Purtace B¢ il &t NAPhd e 4 Hadd'®

probe that operate In .
posterior to the anterior corneal surface, comprising the

5 steps of: .
initiating at least one access gite into
the corneal mass poaterior to Bowman’s layer,
introducing through said at least one
accegs site an electrosurgical probe, and
10 actuating said electrosurgical probe to
modify the volume of the corneal mass adjacent to said
electrosurgical probe.

2. The procedurs of claim 1 where the step of
15 modifying the corneal mass is by ablation.

_ 3. The procedure of claim 1 where the step of
modifying the corneal mass is by desiccation.

20 4. The procedure of claim 1 where the
electrosurgical probe is a bipolar RF electrode.

S. The procedure.of claim 1 where the
electrosurgical probe is a monopolar RF electrode.

25
6. The procedure of claim 1 where the
electrosurgical RF electrode is used in a sesquipoclar
configuration.
30 " 9. The procedure of claim 1 where the

electrosurgical probe is in the form a circular probe.

8. The procedure of claim 1 where the
electrogurgical probe forms a circular probe of less than
3s about 350°.
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20 bi pol ar fashion. Two sources of RF energy (314 and 311 J" ﬂ

i n through the insulator (318) making up the pr obe. mlws"mﬂlm u |“|
and B show ot her straight RF el ectrosurgi cal probes with sinhglte &cttive
sites near the tips of the probes. A single source of RF energy is fed
25 © in through each probe. Figures 14 Asnd B show the active site
(322) to be located near the tip of the probe (320) and on top of the
probe such that the active site is raised and pointed in the

retracting direction of ghe Thedpfgggdugggafe§1;§ﬁ angnBrahepat he active
site (332) 30 S|n1larl I robe. ,The end of

0
the probe is rBPdegigagd ﬁe°§c?p ng?@°(§§ fggscpsga?gdmass i8ntPhe rai sed
part of the ti¢popoeati hgpezokiards, the active site being exposed on
two sides. Figures 16A and
[ 10. The procedure of claim 3 where the
modification of the volume of the corneal mass is to

correct hyperopia or astigmatism.

11. The procedure of claim 6 where the
10 modification of the volume of the corneal mass is to
correct hyparcpia, myopla or astigmatism.

12. The procedure of claim 1 additiocnally
comprising the placement of a ralief cut in at least a
15 portion of Bowman’s layer.

13. = The procedure of claim 1 where the
mod;fication of the volume of the corneal mass is to
alleviate astigmatiem.

20 .

14. The procedure of claim 1 where the
modification of the volume of the corneal mass is to
corract myopia.

25 1s. The procedure of claim 14 where the
modification of the volume of the corneal mass takes
place at or near the center of the cornea.

30
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i6. An electrosurgical probe comprising a
support end and a circular contact end where said contact
end comprises at least one active tissue contacting site,
the active gite is in electrical comnection with an

s insulated conductor residing within said contact end and
extending to the support end.

17. ?ha elactrosurgical probe of claim 16,
. said probe comprising two active tisauve contacting sites,
10 the active sites being in electrical connection with a
single insulated conductor residing within said conmtact
end and extending to the support end.

18. The electrosurgical probe of claim 16,
15 said probe comprising a gingle active tissue contacting
P site, said active site being located in the tip of the
-circular contact end.

19. The electroaurgical probe of claim 16,
20 @gaia probe comprising & single sctive tissue contacting
: gite -wherein the active site compriges an arxrc of less
than about 350°.

20. The electrosurgical probe of claim 16,
25 _said probe comprising two active tigsue contacting sites
' that are each in electrical EOnnection with their own
‘geparate. eondnctor residing within said contact end and
extending to the gupport end.

30 - 2. The electtcsu:gical probe of claim 16,
said probe comprising a single active tissue contacting
site located near the tip of the contact end on the top
portion of the probe.

35
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= 21 - “site is inbedded in the i nsul ating curve
t her eby exposing the active site on one side only. Fﬂnmﬁuﬂ)mmm‘m

show the active site (352) at the tip of a straight probe £35b),° t he
active site being exposed 5 on one sigﬁton the tip portion al one.
Figures 18A and B show t he active $i%t"e (362) near the end of a
ls:tralght19A Srgbe (360)h The probe is broadened at the active site.
I gures an agal n_show a strai ght RF el ect robe (370
with a curved tip, witR2the Te RYqREOEPFEieal, BT q iaj?%‘éé‘ dng poi I’I'EI ng)
t

backwar ds and said probe comprising a single active tissue contacting
gite located near the tip of the contact end and raised
and pointed in the retracting direction of the probe.

23. An electrosurgical probe comprising a
support end and a stralght contact end where said contact
end comprises at least one active tissue contacting site,
the active site is in elegtrical connection with a

10 conductor rea;ding,withiu gaid contact end arm and
extending to the bupport end. '

24. The electrosurgical probe of claim 23,
said probe comprising a eingle active tissue contacting
16 @aite, said active site extending along the length of the
gtraight contact end and located on the top portion of
the probe. '

28. The electrosurgical probe of claim 23,
20 paid probe comprising a two active tigsue contacting
sites that are each in electrical connection with their
own separate conductor residing within said contact end
and extending to.tha'quppgrt end.

25 26. _The electxosurgical probe of claim 23,
' said probe comprising a single active tissue eon:acting
site located near ‘the tip of the coneaet end 1oeated on
tha top portiocn of the probe C

30 - 27.. The elect;osuigical probe of claim 23,
wherein a single active tissue contacting site is located
near the tip of the contact end and raised and pointed in
the vetracting dizection of the probe.

3s
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slightly upwards the active site being exposed on one n

portion al one. However, inthis - enbodi nent active si tlmll Tm!lmmﬂm
that a portion (374) of .the active site (372) extends beyond the °
curved 15 tip. In this design, the ablation or desiccation takes

pl ace either as the device is pushed forwad&=or as it is pul | ed
backwards, or retracted fronlthe | anel | ar separatlon channel . Upon
exposure to tissue and ctrode activat] act j t

vaporize or 20 desiccat® th 'Flf'?s% CLrogurgic %’e ‘S’? #eejt “be%i/‘l de a
second | anel | arwhéznein| sabd atbnvac¢orendeis dpz‘atliaenﬁlaid wherein gases
produced by thesPﬁ@?& ?I EséﬂﬁéﬁbtéﬁhEQEEEAQWhite i ed Quidiy Porate

grooves in the g Insert 1nto the tissue to allow the
escape of gases he broadened contact end.

5
29. The electrosurgical probe of claim 23
wherein sald contact end comprises a washer-shaped single
active tissue contacting site.
10 30. The electrosurgical probe of claim 23

wherein said contact end comprises a disc-shaped single
active tissue contacting site.

31. The electrosurgical probe of claim 30
15 wherein a wire loop forma the surface of the disc-shaped
active site,.

32. A sesquipolar electrosurgical kit for
electrosurgically altering the shape of the corneal
20 surface of the eye, said kit comprising in packaged

combination:
(a) an electrosurgical probe with at least
cne active tissue contacting site; and
(b) a sesquipolar return electrode that is
25 poaitioned on or near the eye.
30 .

35
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25 pr oduced. Figures 20 and 21 A and B show top (A) and

si de (B) view of RF electrosurgical disc and washer probes (400
and 410 respectively). A single RF energy source is fed through each
probe. The disc probe (400) is a 30 circular probe with a circular active
site (410). The washer probe (410) is a circular probe with a

circul ar active site (412) with a hollow mddle (414). Each of

these probes may have a flat surface as shgwn in Figures 20A and 21A
or may be curved to conformto the curvature 35

AN ELECTROSURGICAL PROCEDURE RECURVING THE CORNEA

ABSTRACT
This invention is a device and procedure for the correction of optical abnormalities
in a human eye. It involves use of an inventive electrosurgical energy proble (200)
with specific physical configurations (204). The process preferably utilizes a high
frequency R electro-desiccation or ablation device. The procedure involves the initial
step of forming at least one access site allowing access to the corneal volume behind
the Bowman’s layer. It preferably is placed in the anterior surface of the cornea
through and ending posterior to the Bowman’s layer of the eye. The electrosurgical
probe is then introduced into the access site and, depending upon the visual
abnormality to be corrected, the probe is activated to adjust the volume of the corneal
stromal layers through ablation or desiccation. For instance, if the optical aberration
to be alleviated is hyperopia, a circular corneal volume reduction taking place about
the outer periphery of the corneal mass may be accomplished. 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 or any other form appropriate for the option adjustment needed.

Figure 5A
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- 22 - of the cornea. The disc probe may have a wire | oop
surface (415) as shown in Figure 21C
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The above descri bed probes are useful in the particul ar exanpl es

di scussed bel ow. The Exanples are 5 illustrative only and are not
intended to Iimt the scope of the invention. For the probes that have
only one conducting lead to deliver RF energy (i.e. nonopolar or

sesqui polar) a return electrode is necessary. In sone I nstances this
may be placed renotely on the body. In 18 ot her cases, the use of a
sesqui pol ar return el ectrode may be d@@ired using a return el ectrode
that is placed onto the sclera or translinbal area of the cornea.
Figure 22 shows a desirable manner for placing a sesqui pol ar return

el ectrode on the exterior of the 15 cornea, or onto the sclera (344).
This return electrode qgg nay sinply rest on the cornea or sclera as shown
or may 102

Fig. 3A Fig. 3B

-
‘e, ' .-
Tagaannas

Fig. 3¢ Fig. 8D
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Fig. 3E




"be held in pl ace by a vacuum attachnment cavity built into t he

el ectrode. As noted above, the area of this return el ectrode (342)
where it contacts the eye in without nuch 20 exception constant. Because
of its significantly higher area as conpared to the active tissue
contacting el ectrodes described above, the tendency for the return

el ectrode (342) to heat to a signh&%ggnt degree is mnimzed. The
sesqui pol ar el ectrosurgical syste descri bed above is an enbodi nent of
this invention that can enhance the safety of this ophthal nol ogic
operation. The foll ow ng Exanples are intended to describe
particul ar enbodi nent of the invention but are in no way I ntended to

limt the invention in any manner. 30

. N -
‘“a (KRR

Fig. 4C ~ Fig. 4D
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Exanple 1 - The Correction of Astigmatism In order to
correct the astigmatic eye shown in Fi gures 4A and 4C such that it
beconmes nore simlar to 35 that shown in Figures 42 and 4D, a process

simlar to

4/9
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214

212

6A  Fig. 6B

=2 2 230
\ Y- ____‘__-_32 e
. ) 2%
Fig. 8A Fig. 8B

Mh s (et e 4 B o tmte 8 ¢ -t

i
This Sheet Has Been Replaced i : (AR 1997 ]
i x } 1 H
: :

T




- 23 - .that described above with regard to Figures 3A-3D is
carried out. As shown in Figures 23A and 23C, radial or

circunferential partial depth incisions (500) are made in t he

peri phery of the cornea. A |anellar separator is 5 inserted to create a
zone of separated | anellae (502) and (504) for the insertion of the
el ectrical probe. Two.dj fferent approaches are possible to
correct the astigmatic eye. In the f$/ approach shown -

<

2?‘ 262 ,—260

\

Fig. 11A Fig. 11B
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in Figures 23C the radial partial depth incisions and 10 radial zone of

- separated lanellae will ‘be forned beneath the astigmatic axis (506).
Fol | owi ng separation of the | anel | ar tissue, one of the straight RF
probes shown in Figures 14-19 A and B is inserted through the parti al
depth incision (500). The probe is then activated to 15 change t he
paracentral corneal volune (508), that is the vol ume near the center
of the cornea, by ablation of the 6//9ﬂ ssue under the figure-8-shaped
astigmati smshown in . Fi gure 23A and 23C. The choi ce of RF probe design
IS dependent on the anount of tissue to be ablated. Once 20 ablation
I's conpleted, the probe is withdrawn. Relief cuts on the anterior
cornea nmay Bhe necessary as descri bespg above to allow the surface of the
cornea to o~m t.Q

. /--- , ) %h;L,é:
S04 302 a

304

Fig. 12B




“the underlying tissue renoval. In this way, the steep | astignmatic axis
Is flattened such that the cornea becones 25 reasonabl e symmetrical and

spheri cal . A second approach to the treatnent of an
astignmatic eye is to steepen the flat astigmatic axis as shown in
Figure 23A. In this approach, the lanellar separation zone wll be
formed in the periphery of the 30 cornea (502). The partial depth

i ncision (500) is placed in the cq?gﬁfl peri phery, beneath-the .
astigmatic axis. Fol | owi ng separ at of the lanellar tissue, one of

t he circular RF probes shown in Figures 5, 6, 8, 9, 10, and 11 A
and B, probes (200), (210), (220), (230), (240), 35 (250) and (260)
respectively, is inserted through the

340
Vs 340
\ = 342 /
— ] & __(5
‘\ /-
. _ 342
Ialgg. 1.63!& IFiég. 1.6513
¢ >
k\_ 3 | — ’ a 350 -
/ - — 71;i> = - £
} J : '

370

Fig. 19B
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partial depth incision (500). The probe is then
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~activated to change the vol unme by desiccation (probes (200), (210),

(230), (240), (250) or (260)) or by abl ati on (probes (210), (240),
(250), or (260)) of the S tissue (501) under the flat axis of

astigmati sm axi s (507) as shown in Figure 23A. Thus sone probe
configurations can be used either in the ablate or in the desi ccati on
node. Probe (200) is operated by inserting it into the |anellar
tissue, activating it, deactivating 10 ig/'and then renoving it. Probes
(210), (230), (240), (250), and (260) a?é operated by inserting into
t he | amel | ar tissue, actli vatgﬁg, deactivating, rot&f4g to a

second position to BDidesiyceat g, OF abl at ed, activating,

gy obe design 15

N

. - ~ Fig. 23E
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-
«
-
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Fig. 23F Fig. 23G
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~desiccated. once ablation or desiccation is conpleted, - the probe is
withdrawn. Relief cuts to the anterior. - cornea nmay be necessary as
descri bed above to allow the surface of the cornea to conformto the
under | tissue 20 nodification. In thig-w , gadal C axi s
(507) 2dONMd SEARCH hBEPORE cor nea bed W“‘I“PP"‘?‘?&?Bnabl e
symmetri cal and spherical . Exanpl e 2 { RERUSEHPI6ETt i on -of Hyperjpia 25
|n ordor t o ocoxrr ot Jn\lnr\rnni Qe N aco r\. m' I S $0 thni- daceory ‘.

T ocT T CUTToTT LILIS AN S =LA~ =4 B~ RS — iy S LIS = <A =i~ = Sl N L B M L R~ AN L B> L SN~ B =

so,ahnv‘exmwl'rﬂnegsmam(catgmoﬁémSDru;sm-stsheec)carr| ed out. As shown in |Figures

T8 i R SeR o Tl ol BB ABREAY ¥ b SicHRISE FefehehBlgh™"
between parentheses (PCT Rule 8.1(d)).

NEW ABSTRACT

This invention is a device and procedure for the correction of optical abnormalities
in a human eye. It involves use of an inventive electrosurgical energy probe (200)
with specific physical configurations (204). The process preferably utilizes a high
| frequency R electro-desiccation or ablation device. The procedure involves the
| initial step of forming at least one access site allowmg access to the corneal volume
| behind the Bowman’s layer. It preferably is placed in the anterior surface of the
~ Vcornea through and endmg posterior to the Bowman’s layer of the eye. The
1 electrosurgical probe is then introduced into the access site and, depending upon
;‘ the visual abnormality to be corrected, the probe is activated to adjust the volume
"“Fof the corneal stromal layers through ablation or desiccation. For instance, if the -
1 optical aberration to be alleviated is hyperopia, a circular corneal volume reduction?
hhng place about the outer periphery of the corneal mass nray be accomplished. In -
~gitertain circumstances, Bowman’s layer may be cut to allow the curvature of the
$comea to change after the corneal volume adjistment. These relief cuts may be
shdial, circular, semlclrcular or any other form appropnate for the option
ﬂjustment needed.
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30 separator is inserted to create a |lanellar pathway (512) for the
insertion of the electrical probe. Two di fferent approaches
are possible to correct the hyperopic eye. In the first approach,
shown in Figure 23B partial depth incisions (510) are nmade in 35 t he
peri pheral cornea and a circunferential |anmellar

6

Bowman's 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.

Accordingly, in a first aspect the present invention comprises a
procedure for altering the shape of the anterior corneal surface of an eye
having a corneal mass posterior to the anterior corneal surface, wherein the
corneal mass has a volume, the procedure comprising the steps of:

initiating at least one access site into the corneal mass posterior to
Bowman's layer,

separating lamellae of the corneal mass to create a separation zone
for receiving an electrosurgical probe, wherein not more than one lamellar
separation is performed to create each separation zone,

introducing through said at least one access site the electrosurgical
probe into the separation zone, and

energizing said electrosurgical probe to reduce the volume of the
corneal mass adjacent to said electrosurgical probe.

In a second aspect, the present invention comprises an
electrosurgical probe comprising a support end and a substantially hook-
shaped contact end where said contact end comprises at least one active
tissue contacting site disposed on a surface of said contact end, the plane of
the contact end is substantally coplanar with corneal lamellae when the
probe is introduced into a corneel mass, an area of the at least one active site
is substantially smaller than an area of the contact end surface on which the
at least one active site is disposed, and the active site is in electrical
connection with an insulated conductor residing within said contact end and
extending to the support end.

In a third aspect, the present invention comprises an electrosurgical
probe comprising a support end and a contact end where said contact end
comprises at least one active tissue contacting site, the height of the contact
end is generally less than the width of the contact end, a substantial portion
of the at least one active site is disposed on a major surface of the contact
end, the at least one active site is in electrical connection with a conductor
residing within said contact end and extending to the support end, the
conductor is adapted to be coupled to an electrical signal source, and the
probe reduces a corneal mass when the probe is introduced into the corneal

‘4 v P2
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- 25.- separation zone (512) will be formed beneath the corneal

surface. Follow ng separation of the lanellar tissue, one of the
circular RF probes shown in Figures 6-11 A and B is inserted through
the partial depth incision (512). 5 The probe is then activated to
change the vol une by abl ation or desiccation of the tissue (514) in
t he

- 7 -

mass and the at least one active site is energized by the signal source to
thereby alter the anterior corneal surface and correct refractive error.

The 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 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 light entering the eye will be changed. As noted above, surface
incisions may later be added to permit the anterior of the cornea, in
partcular, Bowman's layer, to conform to the underlying corneal tissue
removal (volume change), thereby allowing for change in anterior corneal
curvature.

The inventive procedure may be used for the treatment of hyperopia
(farsightedness) or myopia. In this procedufe, a small incision or access site
may be made in the anterior surface of the cornea, which incision extends
down through 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 around within the corneal stroma
from the outer 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 active areas of the probe. After an
appropriate necrosis, removal or
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channel . The choi ce of RF probe design is dependent on t he amount of

ti ssue to be abl ated or desiccated. Probes (210), (220), (230), (240),
(250) and (260) will allow 10 for desiccation of the channel. Probe
(220) is operated by inserting it into the lanellar tissue, activating
it, deactivating it, and then renoving it. The other probes are
operated by inserting theminto the lanellar tissue, activating,
deactivating, rotating to a second position 15 to be abl ated, activating,
deactivating and repeating this procgss until the entire channel is
desi ccated, and then renoving it. Probes (210), (240), (250) and (260)
wll allow for ablation of the channel. The probes are oper ated by

insertion into the lanellar tissue, 20 activation, deactivation, rotation
to a second peBrinkhng 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.
5 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 preferred 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 sclera 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 sclera to allow the electrosurgical probe to
reach the corneal mass below the anterior surface which
must be reduced to-producé a symmetric corneal surface.
In any event, an electrosurgical probe is then introduced

20 through the incisione and a selected amounﬁ of material
is removed or desiccated to alleviate the nonregularity
of the corneal anterior surface.

Also as a part of this invention are certain
" monopolar, bipolar, and sesquipclar electrosurgical probe

25 designs which are espacially suitable for producing the
specific tissue removal patterns desired in this
procedure.

30 Figure 1 is a schematic illustxation of a
horizontal section of tha eye.

Figure 2 is a echematic illustration of the
antexior portion of the eye, showing various layers of
the cormea.

35




to be ablated, activation, and repeating until the entire channel is

abl ated, followed by renoval of the probe. Probes (250) and (260) can
al so be operated by conplete insertion into the lanellar tissue,
activation, 25 .deactivation, pulling partially back out of the tissue to
a second position to be ablated, activation, deactivation and
repetition of this process until the entire channel I s abl at ed,

foll owed by renoval of the probe. Again, relief cuts in the anterior
of the cornea nmay be 30 necessary as descri bed above to allow the surface
of the cornea to conformto the underlying tissue renoval. In

this way, the central corneal surface is steepened such that the

cornea curvature is infigueds 3A to 3E show aAschenatiapproceds tfot he
treatment of (§earment of hyperopia using the procedure of this
invention.
Figures 4A to 4D show schematic diagrams of
5 astigmatic and normal eyes. _
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 lnventive straight RF electrosurgical probes.

io Figqures 20 A and B and 21 A, B and C show top
(A and C) and side (B) views of inventive disc and washer
RF electrosurgical probes.

Figure 22 shows a desired return electrode for
the sesquipoclar probes of the other Figures.

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

20 Rescrivtion of the Invention
Prior to explaining the details of the
inventive procedures and devices, a short explanation of
the physiology of the eya is needed.
‘Pigure 1 shows a horizontal cross-section of
25 the;eye_vith.the globe (10) of the eye resembling a
sphere with an anterior bulged spherical portion
repregenting the cornea (21).
The globe (10) of the eye consists of three
concentric coverings enclosing the various transparent
30 media through which thea light must pass befora reaching
the light-gensitive retina (82). The outermost covering
is a fibrous protective portion the posteriocr five-sixths
of which is white and opagque and called the sclera (13),
and sometimes referred to as the white of the eye where
35
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35 hyperopic eye is to use a straight RF probe. In this

10

1s

20

25

30

35
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vigible to the front. The anterior cne-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,
ciliaxry bedy (15), and iris (17). The choroid generally
functions to maintain the retina (18). The ciliary body
(16) ie involved in suspending the lens (21) and
accommodation of the lens. The iris (17) is the most
anterior portion of the middle covering of the eye and is
arranged in a frontal plane. It 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 (18). It
contracts also to accommodation, which serves to sharpen
the focus by diminishing spherical aberration. The iris
divides the space between.the cornea (12) and the lens
(21) into an anterior chamber (22) and the posterioxr
chamber (23). The innermost portion of covering is the
retina {(18), consisting of ngrﬁb elements which form the
true receptive portion for visual impressions.

The retina (18) is a part of the brain arising
as an outgrowth from the £6re-brain. with the optic nerve
(24) serving as a fiber tract connecting the retina parxt
of the brain with the fore~-brain. A layer of rods and

_cones, lying just beneath a pigmented epithelium on the

anterior wall of the retina serve as visual cells or
photoreceptors which transform physical energy (light)
into nerve impulses.

The .vitreocus body (26) iafa-transparent
gelatinous mans'which £ills the posterior four-fifths of
the globe (11). At its sides it supports the ciliary
body (16) and the retina (18). A £frontal saucer-shaped
depression housas the lens.



second approach 2 or nore partial depth incisions (510) are made in

the periphery and 2 or nore radial |anellar separation zones are
formed as shown in Figures 23D and 23E. Fol l owi ng separation of the

| anel l ar tissue, one of 5 the straight RF probes shown in Figures 12-19 A
and B is I nserted through each partial depth incision (510) in the

| amel | ar separation zones (512) and (514). The probe is then activated
to change the volune by abl ation or desiccation of the tissue in the
channel . The choice of 10 RF probe desifh ts dependent on the anmount of
tissue to be abl ated or.desiccated. Probes (300), (310), (320),

(330), (340), (3S0), (360) and (370) will allow for desi ccation of the

channel . Probes (300) Zhed Ye310)(24r)e of the eye is a transparent bi-
convex body of crystalline appearance placed between the

iris (17) and vitreous body (26). 1Its axial diameter
varies markedly with accommodation. A ciliary zonule
5 (27), conseisting 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
10 outermost fibrous transparent coating resembleas a watch
glags. Its curvature is somewhat greater than the rest
of the globe and is ideally spherical in nature.
However, oftan it is more curved in one meridian than
another giving rise to astigmatipm, Most of the
15 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 varicus layers
of the cornea (12) making up the epithelium (31).
An anterior limiting lamella (33), referred to
20 ag Bowman'’'s membrane orjlayer} is poéitioned between the
epithelium (31) and the stroma (32) of the cornea. When
I refer to the "corneal mass,” I mean the various stroma
(32) between the Bowman’s layer (33) and the Degcemet’s
membrane (34). The corneal stroma (32) are made up of
25 lamellae having bands of fibrils parallel to each other
~ and crossing the whole of the cornea. While most of the
fibrous bands are parallel to the surface, some are
oblique, espacially anteriorly. A posterior limiting
lamella (34) is referred to as Dascemet’s membrane. It
30 is a strong membrane sharply defined from the stroma (32)
and resistant to pathological pfécesses of the cornea.
The endotheliuvm (36) is the most ﬁostericr
layer of the cornea and consists of a aingle layer of
cells and function to maintain transparency of the cornea
35 (12) . These epithelial cells are rich in glycogen,




operated by insertion into the lanellar tissue, 15 activation,

deactivation, and then renoval.. Probes (320), (330), (340), (350),
(360) and (370) are operated by inserting into the lanellar tissue,
activating, deactivating, noving to a second position to be abl ated,
activating, deactivating and.repeating this process until 20 enough of
the channel is desiccated, and then renoving the probe. In this way
the tissue desiccated can either foygma conftinuous path (516) or can
be interrupted points along the radial |anellar separation chanhel
(518). Probes (320) - (370) will allow for ablation of corneal 25

vol unme inside the radial |ane|lar aration chann (320),

(340), (350) eNEYBEP aRd SPBY a?‘élb’b r&p@qtheir %9t+%§%¥t¥%%“f?ﬁ%8the
| anel | ar ti ssie, taenspakiconf water and electrolytes through the

lamellae of the cornea (12): The limbus (37) is the
transition zone batween the conjunctiva (38) and sclera
5 onn the one hand and the cornea (12) on the other.

There are a variety of different electrical
surgical delivery probes which would be suitable in this
invention. 1In general, there are two distinct
electrosurgical delivery probe typea: the monopolar

10 probe and the bipolar probe. An in-between
electrosurgical configuration applicable to this
invention alsc exists and is known as sesquipolar. 1In
each instance, some section of the human body is used to
complete a circuit between one pole and the other. 1In

15 the monopolar probe device, there is a single active
contact which is inserted or otherwise contacted with the
human body and it is tha site at which some body '
activity, e.g., desiccation, ablation, necrosis,
fulguration, or the like, takes place. To complete the

20 circuit in a monopolar device, thera must be another
contact which is inactive and placed agéinst 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

25 the'inactiVe electrode is in fact "inactive” is to make
it quite largc in area. This causes the current to
spread over a large area for completion of the circuit.

A bipolar electrode typically has two equal
area active electrodes centained in the same alectrode

30 probe-handle structure. This symmetric bipolar electrode
degign produces a significant temperature rise at both
electrodes. |

In a monopolar or aesquipelar configuration,
only one electrxode has an area of tissue contact

35 producing significant temperature rise. Unlike tha
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deactivation, noving it further into the tissue to a second position
to be ablated, . activation, and repeating 30 until the entire channel is

abl ated, and then renoval . The sane probes can al so be operated by
conpl ete insertion into the |amellar separation channel,
activation, deactivation, pulling back out of the tissue channel to a

second position to be ablated, activation, 35 deactivation and repetition

of the process until the 13

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

5 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 sBeaquipolar
return electrode may be found on .the alectrode 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 electrosurgical mode desired. For
instance, thare are both high temperature and low
temperature desiccation effects when the active

15 elactrosurgical probe contact(s) are used to promote
tigsue desiccation. The resistance of the tissue in
contact with the active probe electrode obviously 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 immadiats denaturation or
discoloration of the tissue. A high temperature
deasiccation includes heating tissue near the conducting
probe contact to approach or slightly exceed 100°C. 1In

25 the low tempera:uréjva:ia;ion of this procedure, there is
a transient decrease in local tissue impedance with
little drying of tigsue. But in the high temperature
variation, there are significant increases in local
tissue impedance and also significant in local tissue

30 desiccatien.

In the ablation mode, tha electrosurglcal
enargy density deslivered largely causes the tissue near
the probe contact to vaporizs. The temperature at the
elactrode/tissue interface is increased significantly

35 past the point of steam formation. The effect of

REPLAGEMENT SHEET

A btk B 2 S R

| 18 5EP 1999 |



- 27 - enough of the channel is ablated, foll owed by renoval of

the probe. Again, relief cuts may be necessary in the anterior cornea
as descri bed above to allow the surface of the cornea to conformto
the underlying tissue 5 renmpval. In this way, the corneal surface is
st eepened centrally such that the corneal curvature is inproved.

- 14 -

electrical resistance varies during a specific radio
frequency (RF) cycle and although there is sparking,
carbonization is not usually significant and the effects
of the device are relatively rapid.

5 Electrosurgical ablation and cutting produce an
effect where a thin layer of tissue is vaporized:
(cutting) or where a larger section of tissue is
vaporized (ablation). The line between "cutting" and
"ablation” is not always clear.

10 - In the procedure specified below as the
invention, a preferable procedure for this invention is
via the operation of electrosurgical probes operated in
cutting, ablation, or desiccation mode. Herein, when I
refer to the term "volume change” or *volume

15 modification® when referring to the material in the:
corneal mags, I mean the coxneal mass is either necrosed,
desiccated, or ablated.

It is quite rare that the current flow through
the davice is DC. The current is typically a very high

20 frequéncy alternating current, typically in the range of
500 Hertz or mora. Additionally, the RF enexrgy is often
delivered in a pulsed or in a more continuous, non-pulsed
operation depending en the exact effects desired. Some
residual heating will take place no matter which course

25 is taken. '

With this lengthy background in place, please
refar to Figures 3A through 3D. This series of figures
shows, in schematic fashion, one procedurs for treating
hypercpia (farsightedness), myopia, or astigmatism. This

30 schématic procedure shows features which may ba common to
all of the processes of this invention. .Generically, the
procedure includes the stép of producing one or more
incisions, often towards the periphery of the cornea.
Thagse incisions penetrate Bowman’s layér in the anterior

35 purface of the cornea and axtend down into, as defined




EXanmpl e 3- The Correction of Mopia In order to correct
myopi a the process simlar 10 to that described above with regard to

Figures 3A-3D is carried out. As shown in Figures 23F and 23G, radi al
or circunferential partial depth incisions (520) are made in t he
peri phery of the cornea. A lanellar separator is inserted to create a
radi al |anellar separation channel 15 (522) toward the center of the pupi
for the insertion of the el ectrical, robe. For

correction of nyopia, the lanellar path (522) will be.formed under or

near the central or paracentral portion of the cornea. Foll ow ng
separation 29, . of t“?.gel %E@élagi mééﬁsé’:?zcé’ﬁ?eﬁ &{ﬁﬁé.ﬂai 9ta R Probes
shown in Figures 14- Aan or e di sc or washer _
contemplate that the electrosurgical probe may be
inserted into the corneal volume without penetration of
the anterior surface cornea, e.g., by acceass through a
5 partial depth incision made in the asclera next to the
cornea. In any event, if an anterior access partial
depth incision is contemplated, an optional step at this
point may be the insertion of a non-electrosurgical
lamellar separator to separate the various stroma
10 lamellae within the cornea at the depth of the entry
incision. This allows the subsequent step of inserting
the slectrosurgical probe to take place with greater
ease., The probe itself may serve the function of
intralamellar separator, if so.desired. The
is electrosurgical probe is introduced into the stromal
lamellar cavity so produced. Depending upon the design
of the inserted electrosurgical probe and on the
refractive effect desired, the probe is moved inside the
intralamellar space previously formed and activated to
20 desiccate or ablate specific geometric regions of the
cornea. Desirably, after the completion of the cérneal
volume ablation or desiccation step, the curvature of the
corneal surface is then measured. The procedure may be
repeated if insufficient correction has occuxred. 1If
25 needed, Bowman’s layer and a small amount of urniderlying
stromal tissue may be lightly cut on the anterior surface
adjacent to or above the site of the volume reduction to
allow the anterior corneal surface to change.
Returning to the spacifics of Figurea 3A to 3D,
30- Figure 3A shows an eye (100) having a pupil (102) and a
cornea (104). 1In the outer radius of cornea (104) is
found two small partial depth incisions (106) which have
been cut'thrcugh Bowman‘’s layexr into the cormeal mass as
shown in Figures 1 and 2. These incigsions may be cut
35
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probes shown in Figures 20-21 A and B is inserted through t he

peri pheral partial depth incision (520) into the | anel | ar separation
channel (522). The probe is then 25 activated to change the vol une by
abl ation of the tissue in the channel, the volune change (524)
resulting from the use of the disc- shaped probe (400) is shown in

Fi gure 23F and vol ume change (526) resulting fromthe use of the
washer - shaped probe (410) is shown in Figure 23G The 30 choi ce of RF
probe design is dependent on the anburt 6§ - tissue to be abl at ed.
Probes (320)-(370) will allow for ablation of the channel. The probes

are operated b |nsert|o I_nt | ar tlssue, activation,
deactlvatlorira ﬁﬁ%ﬂﬁ?(ﬁh%} éggLéﬁﬁ%l ¥ E95 second
position to dmse&ksﬁenlpuzn¢a&ﬁ|Qﬂnb=deamimadat|on,
It should be understood, however, that although
two access partial depth incisions (106) have been’

5 portfayed in Figure 3A, the number of such access sites
(106) is not important. If a semi-circular lamellar -
separator (108) as shown in Figuxe 3B is used, then the
number of access sitea (106) may be desirably two in
number. If lamellar separators of shorter arc segments

10 are uéed, more numerous slits may be desired. 1If a
nearly circular lamellar separator or electrosurgical
probe.is used, a single acceassg site (106) may be
pufficient.

Figure 3B shows the intxroduction of the

1s optional disgector blade or lamellar separator (108) to
separate the lamella found in the cornea. The separator
(108) is rotated until a circular channel is made in the
corneal perxriphery, and is rotated back out of the eye. A
similar procedure takas place on the other access site as

20 shown in Figuresg 3A and 3B. Figure 3C shows the
insertion of an electrogurgical probe into the route
formed in the intrastromal region shown in Figure 3B.

The probe may be energized following complete insertion
or may be energizad in =z étop, move and activate mode.

25 The step of removing and/or shrinking tissue is continued
until sufficient tissue has been ablated or desiccated to
achieve the desired refractive effects.

Figure 3D shows the eye (100) after completion
of the ablation procedure. It may be degirable to place

30 a amall stiteh (112) in any access site (106) in the
cornea to ensure healing of the access gite and minimize
the potential for infection. Figure 3E shows the eya
(100) following relief cuts (114) that may be necessaxy
in soma instances to allow the anterior cornsal gurface

35 to more closely conform to the underlying corneal tissue
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removal (volume change) thereby allowing for greater
change in anterior corneal curvature. These relief cuts
may be circumferential as shown or they may be radial
dépending on the desired refractive effect. Further, the
relief cuts may be continuous or may be interrupted as
shown. In any case, thase cuts.will be shallow cuts such
that they penetrate Bowman’s layer and posaibly a portion
of the‘underlying.corneal stroma. '

The above-description generally indicates the
method of the presenﬁ invention. Specific pxobe
cohfigurationa and method of treatment will ba described
in the Examples below.

It should be apparent from the description
above, that the step of desiccating, necrosing or
ablating the tissue from within the corneal mass lessens
the volume of that mass in Bpacific regions of the
cornea. Consequently, the anterior sections of the
cornea will becomas fletter or steeper and ﬁill alleviate
the improper previous refraction of light. Some of the
possible changes in corneal thickness and their
relationship to the radius of curvature of the central

corneal surface ara described .in-Joga Barraguer; Father

Q£ Modexn Refractive Keratoplagty, in Refractive and
Corneal Surgery, Vol. 5, May/June 1989, pages 177-193,

which is hereby incorporated by reference in its
entiraty. This paper describes tha so-called "Law of

Thickness" which indicates that when corneal volume is

reducad in the periphery, central corneal steepening
occurs and when a . volume ocf tissue is removed in the
center, central corneal flattening occurs. The inventive
electrosurgical method and devices aim to reduce corneal
volume in controlled gecmetric areas of the corneal

'stroma to achieve refractive correction.

The method and devices of the present invention
may also be useful in the treatment of astigmatism.
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repeating the process until the entire channel is abl ated, and then

the probe is renoved. The probes can " al so be operated by conplete
insertion into the |lanellar separation channel, activation,
deactivation, pulling out 5 of the channel to a second position to be

abl at ed, activation, deactivation and repeating the process until

the entire channel is ablated and then the process is renoved. Probes
(400) and (410) are operated by insertion into the lanellar separation
channel (522), 10 activation, deactivati®n-and renoval fromthe channel.
Again, relief cuts in the anterior cornea may be necessary as

descri bed above to al|low the surface of the cornea to confarmto the

under | yi ng t i ABASTRRAHRM| OCFYFS . 9“{%“}%%"1’(% LhGr FREIVAEHELaOE thet he

central cornemtexrbter surface of the cornea is not regular as one
passes about the meridians on the anterior surface of the
cornea resulting in a steep and flat axis {the astigmatic

5 axig). Figure 4A and 4B are .schematic perspective views

that show an astigmatic and normal eye, respectively. In
an astigmatic eye, two axes are generally identified,
corresponding to tha steepest (120) and flattest (122)
axis of curvatura. The steepest axis is also known as

10 the axis of astigmatism (120). To correct-astigmatism
using this invention, one must flatten the curvature of
the astigmatic axis such that the cornea becomes
reasonably symmetrical and more spherical. Figure 4B
shows a normal eye, that is, one in which the curvature

15 of all axes are the same. Figures 4C and 4D show
schematic topographical curvature maps of an astigmatic
and of a non-astigmatic eye, respectively. In Figure 4C,
region 130 is the steep region where as region 132 is
flatter.

20 Other configu:ations of access sites and
controlled removal of corneal tissue are apparent. These
will be discussed for particular applications in the
Examples below. Further, It should be apparent to one
appreciating the dasign qf such electrosurgical RF

25 pProbes, that the shapas nead not be nearly circular. It
may be, much in the same way as were the lamellar
separators (108) in Figure 3B, that the probes have
lesser arc length or are straight for alleviating
hyperopia. 1In fact, for treating hypercpia or other

30 maladies, the probe may ba of any convenient shapa
designed to ablate the tigsue at hand. Such shapes will
be discussed in more detail below. Further it may be
noted that the handles of the probes may be straight or
bent. A bent handle may allow greater facility of use

35" within the small confines found behind an access site as




15 is flattened such that the corneal curvature is inproved.

The foregoing exanpl es of procedures and devi ces -according to the
present invention are only 20 representative and are not neant to be in
any manner limting. Oher enbodinents, areas of application,

met hods of use of the present invention, within the scope of the

cl ai ns appended hereto, wll be evident to those skilled in this art.
Q her enbodi nents of the procedures 25 w thout the scope of the clains but
within the spirit of i nvention descri®ed herein are considered to be
equi val ent to those procedures and devi ces cl ai ned.

shown in the above drawings. Additionally, the
procedures and devices of the present invention may be
useful in the treatment of more than one indication, for
example myopia and astigmatisesm -or hyperopia and

[ astigmatism.

Figures 5-11 A and B show top (A) and side (B)
views of circular electrosurgical probes suitable for use
in the schematic procedure described above. Filgures SA
and B show a circular RF electrosurgical probe with two

10 active sites that Operate in monopolar or sesquipolar

" modes. The probe (200) includes a shaft (202) and two

active sites (204), each active site having an arc of
less than about 180°, preferably less than about 950°.
The single source of RF energy (206) is fed in through

15 the insulator (208) making up the probe (200). Figures
6A and B show a circular RF electrosurgical probe (210)
with a single acti§e~81te (212) at the tip. Again, the
single source of RF energy (214) is fed in through the
insulator making up the probe. Figure 7A and 7B show a

20 circular RF electrosurgical probe (220). with a single
active sitea (222) extending the length of the circular
portion of the probe.. . Once:more, -the single source of RF
energy (224) is fed in thréugh the insulator (226) making
up the probe.. Figures 8A and B show a circular RF

25 electrosurgical probe (230) with two active sites (232)
near. the tip of the probe that operate in bipolar
£ashion. Two sources of RPF enafgy—(234~and 236) are fad
in through the insulator (238) making up the probe.
Figures SA and B show a circular RF electrosurgical probe

30 (240) with a singlq active site (242) near the tip, the:
active site shown in Figure 9A to be on the top part of
the probe. A single source of RF energy (344) iz fed in
through the insulator (246). Figures 10A and B and 11A
and show other circular RF elact¥osurgical probes (250

35 and 260 respectively) with single active sites (252 and
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262 respectively) near the tips of the probes. A single
source of RF eanergy (254 and 264) is fed in through each
probe. Figure 10B shows the active site (252) to be
located at the tip but exposed on one side and Figure 11B
shows the active site (262).to be located at the tip but .
insulated on the top and thus exposed on one side only.
Both probes depicted in Figures 10 A and B and 11 A and B
are designed to contact tissue in either the forward or
retracting direction to the active site on the probe, the
retracting direction. '

| Figure 12-19 A and B show top (A) and side (B)
views of straight electrosurgical probes suitabla for use
in the ‘schematic procedure described above. Figures 12A
and B shows a straight RF surgical probe (300) with a
Bingle active site (302) extending along the length of
the probe. A siﬁgle source of RF energy (304) is fed
through the probe. Figures 13A and B show a straight RF
electrosurgical probe (310) with two active sites (312)
extending along the 1ength of the probe that operate in
bipolar fashion. Two sources of RF energy (314 and 316)
are fed in through tha insulator (318) making up the

probe. Figures 13-19 A and B show other straight RF

electrogurgical 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
active gita (322) to be located near the tip of the probe
(320) and on top of the probe such that the active site
is raised and pointed in tha retracting direction of Ehe
probe. Figures 15A and B show the active site (332)
similarly located near the tip of the probe. The end of
the probe is raised and the active gite (332) is located
on the raised part of the tip pointing backwards, the
active pite being exposed on two sides. Figures 16A and
B gimilarly show the active site (342) raised at the end
of the probe pointing backwards (340), but the active




- 29 - The clainms defining the invention are as follows: 1. A procedure
for altering the shape of the anterior corneal surface of an eye having a
corneal mass posterior to the anterior corneal surface, wherein the corneal

mass has a volune, the procedure conprising the steps of:

- 21 -

gsite is imbedded in the insulating cuxve of the probe,
thereby exposing the active site on one side only.
Figures 17A and B show the active site (352) at the tip
of a straight probe (350), the active site being exposed
5 on one side on the tip portion alone. Figures 18A and B
show the active site (362) near the end of a straight
probe (360). Tha probe is broadened at the active site.
Figures 18SA and B again show a straight RF
electrosurgical probe (370) with a curved tip, with the
10 active site (372) again raised and pointing backwards and
slightly upwards the active site being exposed on one
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
15 tip. 1In this design, the ablation or desiccation takes
place eithexr .as the device is pushed forward or as it is
pulled backwards, or retracted from the lamellar
separation channel. Upon exposure to tigsue and
elactrode activation, the active site will vaporize ox
20 desiccate the tissue. It may be desirable to provide a
second lamellar channel to allow for the for the relief
of gases produced by the probe when used in the ablation
mode or to incorporate grooves in the probe portions that
insert intc the tisaua to allow the escape of gases so
25 produced.
Figuresg 20 and 21 A and B show top (A) and side
(B) view of RF electrosurgical disc and washer probes
(400 and 410 regpectively). A single RF energy source is
fed through each probe. The disc probe (400) is a
30 circular proba with a circular active site (410). The
washer probe (410) is a circular procbe with a circular.
active site (412) with a hollow middle (414). Each of
these probes may have a flat surface ag shown in Pigqures
20A and 21A or may be cuxrved to conform to the curvature
35
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initiating at | east one access site into the corneal nas
Bowman' s | ayer. separating | anel |l ae of the corne
separation zone for receiving an el ectrosurgi cal probe,
than one lanellar separation is perfornmed to create each
i ntroduci ng through said at | east one access site the el
into the separation zone, and energi zing said el
to reduce the volunme of the corneal nass adjacent to sa
probe. 2. The procedure of claim 1l @2ere the energizi
the step of reducing the corneal mass by ablation. 3.
claim1l where the energizing step conprises the step of

S posterior to
al- mass to create a
wherein not nore
separation zone.
ectrosurgi cal probe
ectrosurgi cal probe
d el ectrosurgi cal
ng step conprises
The procedure of
reduci ng the

corneal massobytles¢ewnasd.on The discTheope geayd ravenfa wizenidophere t he

energi zi ng SkEPL&OEPIdEDS de@hown in Figure 21C.

The above described probes are useful in the
particular examples discussed below. The Examples are
5 illustrative only and are not intended to limit the scope
of the invention. For the procbes that have only one
conducting lead to deliver RF energy (i.e. monopolar or

seaquipolar) a return electrode is necessary.

In some

instances this may be placed remotely on the body. 1In
10 other cases, the use of a sesquipolar return electrode

may be desired using a return electrodes that is placed

onto the sclera or translimbal area of the coxnaa.

Figure 22 shows a desirable manner £

or placing

a sesquipolar return electrode on the exterior of the

i5 cornea, or ontoc the sclera (344). This return electrode
may simply rest on the cornea or sclera as shown or may
be held in place by a vacuum attachment cavity built into
the electrode. As noted above, the area of this return
electrode (342) where it contacts the eye is without much

20 ex;eptidn constant. Because of its significantly higher
area as compared to the active tissue contacting
electrodes described above, the tendency for the return
electrode (342) to heat to a significant degree is
minimized. The sesquipclar electrosurgical system

25 described above is an embodiment of this invantion that

can enhance the safety .of this ophthalmologic
The following Examples are intended

operation.
to dascribe

particular embodiment of the invention but are in no way

intended to limit the invention in any manner.
30
Examples

Example 1 - The Coxrectiop of Aptiematiem

In order to corxract the astigmatic eye shown in
Figures 4A and 4C guch that it bacomes more similax to
35 that shown in Figures 4B and 4D, a process similar to

N
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step of reducing the corneal mass with a bipolar RF-el ectrode. 5. " The
procedure of claiml where the energizing step conprises the step of
reduci ng the corneal mass with a nonopol ar RF el ectrode. 6. The

procedure of claim1 where the energizing step conprises the step of
reduci ng the corneal nmass with an el ectrosurgical RF electrode in a
sesqui pol ar configuration. 7. The procedure of claim1l where the

energi zing step conprises the step of reducing the corneal mass with an

el ectrosurgical probe in the formof a 2dbstantially hook-shaped probe. 8.
The procedure of claim 1l where the energizing step conprises 'the step of
reduci ng the corneal nass with an el ectrosurgi cal probe that forns a probe
of |ess thantiscudedsgfibed] abgve wittheregaxddR FHuTeSi M BRudt e t he

energi zi Ng SRR Q@ uEES hBesabeA Oh FoguessnRINeantd|26®, afadiwd war neal
mass to COFF%&&€Q¥&%EQ k%al partial depth incisions (500) are made in
the periphery of the cornea. A lamellar separator is
5 insexted to create a zone of separated lamellae (502) and
(504) for the insertion of the electrical probe.

Two different approaches are possible to
correct the astigmatic eye. In the first approach shown
in Figu e 23C the radial partial depth incisions and

10 radial zone of separated lamellae will be formed beneath
tﬁe_aatigmatic axis (506). Following separation of the
lamellar tissue, one of the straight RF probas shown in
Figures 14-19 A and B is lnserted through the partial
depth incision (500). The probe is then activated to

1s change the paracentral cornsal volume (508), that is the
vélume near the center of the cornea, by ablation of the
tissue under the figure-g8-shaped astigmatism shown in
Figure 23A and 23C. The choice of RF probe design is
dependent on the. amount of tisgsue to be ablated. Once

20 ablation is completed, tha probe is withdrawn. Relief
cuts on the anterior cornea may be necessary as described
above to allow the purface of the coxrnea to conform to
the underlying tissue removal. In this way, the steep
astigmatic axis is flattened such that the cornea becomes

25 reasonable symmetrical and spherical.

A second approach to the treatment of an
astigmatic eye is to steepen the flat astigmatic axis as
shown in Figure 23A. 1In this approach, the lamasllar
separation zone will be formad in the periphery of the

30 cornea (502). The partial depth incision (500) is placed
in the corneal periphery, beneath tha astigmatic axis.
Following separation of the lamellar tissue, one of the
circular RF probeé shown in Figures 5, 6, 8, 9, 10, and
11 A and B, probes (200), (210), (220), (230), (240),

35 (250) and (260) respectively, is inaerted through tha
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10. The procedure of claim3 where the energizing step conprises the step
of reducing the volune of the corneal nmass to correct hyperopia or
astigmati sm ' - 30 -

- 24 -

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
5 tissue (501) under the flat axis of astigmatism axis
(507) as shown in Figure 23A. Thus some probe
configurations can be used either in the ablate or in the
desiccation mode. Probe (200) is operated by inserting
it into the lamellar tissue, activating it, deactivating
10 it, and then removing it. Probes (210), (230), (240),
(250), and (260) axe operated by inserting into the
lamellar tissue, activating, deactivating, rotating to a
second position to be deslccatad or ablated, activating,
and then removing. Again, the choice of RF probe design
15 is dependent on the amount of tissue to be ablated or
desiccated. Once ablation or desiccation is completed,
the probe is withdrawn. Relief cuts to the anterior
cornea may be necessary as described above to allow the
surface.bﬁ the cormea to conform to the underlying tissue
20 modification. 1In this way, the flat, astigmatic axis
(507) is steepened such that the cornea becomes
reasonable symmatrical and spherical.

Example 2 - The Correction of Hvperopia

25 In order to correct hyperopia a process similar
to that described above with regard to Figures 3A-3D is
carried out. As shown in Figures 238, 23D and 23E,
radial or circumferential partial depth incisions (510)
are made in the pexiphery of the cornea. A lamellar

30 separator is inserted to create a lamellar pathway (512)
for the insertion of the electrical probe.

Two different approaches are possible to
correct the hyperopic eys. In the first approach, shown
in Figure 23B partial depth incisions (510) are made in

3s the peripheral cornea and a circumferential lamellar
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11. The procedure of claim6 where the energizing step conprises the step
- of reducing the volune of the corneal mass to correct hyperopia, nyopia or
astigmatism 12. The procedure of claim1l additionally conprising the
step of placing a relief cut in at |least a portion of Bowran's |ayer. 13.
The procedure of claim 1l where the energizing step conprises the step of
reduci ng the volunme of the corneal nmass to alleviate astigmatism 14.

The procedure of claim 1 where the energizing step conprises the step of
reduci ng the volune of the corneal nass_tgscorrect myopia. 15. The
procedure of claim 14 where the energizing step conprises the step of
reduci ng the volunme of the corneal nmass at or near the centre of the
cornea. 16. sepinatientzoser (X2 wildbee dmpmiesd rpr@ashppdet comdeadd a

surface. Following separation of the lamellar tissue,
one of the circular RF probes shown in Figures 6-11 A and
B iz inserted through the partial depth incision (512).

3 The probe is then activated to change the volume by
ablation or desiccation of the tissue (514) in the
channel. The choice of RF probe design is dependent on
the amount of tissue to be ablated or desiccated. Probes
(210), (220), (230), (240), (250) and (260) will allow

10 for desiccation of the channel. Probe (220) is operated
by inserting it into the lamellar tissue, activating it,
deactivating it, and then removing it. The other probes
are opetaced by inserting them into the lamellar tissue,
activating, deactivating, xotating to a second position

is to be ablated, activating, deactivating and repeating
this proceaé until the entire channel is desiccated, and
then removing it. Probes (210), (240), (250) and (260)
will allow for ablation of the channel. The probes are
operated by insertion into the lamellar tissue,

20 actIVation,‘deactivation; rotation to a second position
to be ablated, activation, and repeating until the entire
channel is ablated, followad by removal of the probe.
Probes (250) and (260) can also be ocperated by complete
insertion into the lamellar tissue, activation,

25 deactivatiog, pulling partially back cut of the tissue to
a second position to be ablated, activation, deactivation
and repetition of thie procass until the entire channel
is ablated, followed by removal of the probe. Again,
ralief cuts in the anterior of the cornea may ba

30 necessaxry as described above to allow the surface of the
cornea to conform to the underlying tissue removal. In
this way, the central corneal surface is stesepened such
that the cornea curvature is improvad.

A gecond approach to the treatment of a
35 hypercpic eye is to use a straight RF probe. 1In this
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substantial |l y hook-shaped contact end where said contact end conprises at
‘least one active tissue contacting site disposed on a surface of said
contact end, the plane of the contact end is substantially coplanar with
cor neal Ianellae when the probe is introduced into a corneal nmass, an area
of the at |east one active site is substantially smaller than an area of
the contact end surface on which the at | east one active site is disposed,
and the active site is in electrical nection with an insul ated conduct or
residing within said contact end and'gﬁ?éhding to the support end. 17.

The el ectrosurgi cal probe of claim16, said probe conprising two active

ti ssue cont aeicong sppAsaci 2eocachonee pairtaal béepith i hcdls@hk i lgjconnecti on
w : h a Si ntg|aQ'e| a&aeaiﬁcbfé)@@%%l@érf egiadbngr Wb ki r}:a%%b:‘il EARI Rl fendl and 6.
ext endi ng 0 n e ca e of claim

sai d probe %o#pgaéy&? Zong gre Poﬁm g?l sis}g‘gﬁc%h %Pfﬁ g:fl? éndsai d active

site belng I%?@ateﬁ°¥£k¥?qﬁ s B?riWﬁPn of the lamellar ﬁiBSue: one of
the straight RF probes shown in Figures 12-19 A and B is

inserted through each partial depth incision (510) -in the
lamellar separation zones (512) and (514). The probe is
then activated to change the volume by ablation oxr
desiccation of the tissue in the channel The choice of

10 RF probe design is dependent on the amount of tissue to
be ablated or desiccated.- Probes (300), (210), (320),
(330), (340), (350), (360) and (370) will allow for
desiccation of the channel. Probes (300) and (310) are
operated by ingertion into tha lamellar tissue,-

15 activation, deactivation, and then removal. Probes
(320), (330), (340), (350), (360) and (370) are operated
by inserting into the lamellar tissue, activating,
deactivating, moving to a sacond position to be ablated,
activatirng, deactibating'and repeating this process until

20 encugh of the channel is desiccated, and then removing
the prxocbe. 1In this way the tissue- desiccated can either
form a continuous path (516) or can be interrup:ed points
along the radial lamalla:,separation chanhel (518).
Probes (320)-(370) will allow for ablation of cornaal

25 volume insids the radial lamellar separation channel.
Probes (320), (340). (350), (360) and .(370) aze operated
by insertion into the lamellar tisaue, ‘astivation,
deactivacien. moving it further into the tissue to a
second position to be ablated, aetivacicn, and repeating

30° until the antire channel is ablated. and then removal.
The same probes. can also ba operated by complete
insertion into the 1amellar separation channel,
activation, deactivation, pulling back out of the tissue
channel to a second position to be ablated, aativation,

35 deactivation and repetition of the process until the




contact end. 19. The el ectrosurgi cal probe of claim16, said probe
conprising a single active tissue contacting site wherein. the-active site
conprises an arc of |ess than about 350 degrees. 20. The el ectrosurgical
probe of claim 16, said probe conprising two active tissue contacting sites
that are each in electrical connection with their own separate conductor
residing wwthin said contact end and extending to the support end.

- 27 -

enough of the channel is ablatad, followed by removal of
the probe. Again, relief cuts may be necessaxry in the
anterior cornea as described above to allow the surface
of the cornaa to conform to the underlying tissue

s removal. 1In this way, the corneal surface is steepened
centrally such that the corneal curvature is improved.

m - X h 1
In order to correct myopla the process similar

10 to that described above with regard to Figures 3A-3D is
carried out. As shown in Figures 23F and 23G, radial or
circumferential partial depth incisions (520) are made in
the periphery of the cornea. A lamellar separator is
inserted to create a radial lamellar separation channel

1s (522) toward the center of the pupil for the insertion of
the electrical probe.

For correction of myopia, the lamellar path

(522) will be formed under or near the central or
paracentral portion of the cornea. Following separation

20 of the lamellar tissue, one of the straight RF probes
shown in Figures 14-19 A and B or the disc or washer
probes shown in Figures 20-21 A and B is inserted through
the peripheral partial depth incision (520) into the
lamellar separation channel (522). The probe is then

25 activated to change the volume by ablation of the tissue
in the channel, the volume change (524) resulting from
the use of the disc-shaped prcbe (400) is shown in Figure
23F and volume change (526) rasulting f£rom the use of the
washer-ghaped probe (410) is shown in Figure 23G. The

30 choica of RF probe design is dependent on the amount of
tissue to be ablated. Probes (320)-(370) will allow for
ablation of the channel. The probes are operated by
insertion into the lamellar tissue, activation,
deactivation, advancing the probe into the channel to a

35 second position to be ablated, activation, deactivation,
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- 31 - 21 The el ectrosurgi cal probe of claim16, said probe conprising
a single active tissue contacting site located near a tip of the contact
end on a top portion of the probe. 22. The el ectrosurgi cal probe of
claim 16, said probe conprising a single active tissue contacting site
| ocated near a tip of the contact end and raised and pointed in a
retracting direction of the probe. 23. An el ectrosurgical probe
conprising a support end and a contact gnd where said contact end conprises
at | east one active tissue contacting site,

repeating the process until the entire channel is

aklated, and then the probe is removed. The probes can
also be operated by complete insgertion into the lamellar
. séparation channel, activation, deactivation, pulling out
5 of the channel to a second position to be ablated,
activation, deactivation and repeating the process until
the entirxre channel is ablated, and then the process is
removed. Probes (400) and (410) are operated by
insertion into the lamellar separation channel (522),

10 activation, deactivation and removal from the channel.
Again, relief cuts in the anterior cornea may be
necessary as described above to allow the surface of the
cornea to confofm_to the underlying tissue removal. 1In
this way, the corneal surface in the ceantral corneal area

15 is flattened such that the corneal curvature is improved.

The foregoing examples of procedures and

devices according to the present ‘rivention are only

20 representative and are not meani :0 be in any manner
limiting. Other embodiments, areae of application,
methods of use of the present invention, within the scope
of the claims appended herato, will be evident to those
gkilled in this art. Other embodiments of the procedures

25 without the scope of the claims but within the spirit of

- invention described herein are -considered to be

equivalent to those procadures and-devices claimed.

30
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t he height of the contact end is generally less than t ]
contact end. a substantial portion of the at |east one mm il“lm Flm
di sposed on a nmjor surface of the contact end, the at'%

siteis in electrical connection with a conductor residing within said
contact end and extending to the support end, the conductor is adapted to
be coupled to an electrical signal source, and the probe reduces a corneal
mass when the probe is introduced intg,the corneal nmass and the at | east
one active site is energized by the signal source to thereby alter the
anteriof, corneal ,surfacg and correct f Jdve error. 24. The
el ect r oS BE SRS ﬁ?ﬁﬁ*—?&)&‘eépﬁﬂﬁ%?%%{ g‘)l{)os'gébe conprisin 2

A

I ngl.e active

ti ssue @ontachA popcsidues faralieringttheshape of the anteriey ce R h of the

¢ IO nt ?Ct afi Q}g.ea}ﬂﬁriﬁg %gio?ﬂ?ﬂqllﬁsst 2 5@1@65 i:ooﬂle%lt’)céﬁér 66198l s@?ce. The y

el ectrosuyrdi cal. probe clai sai § probe,conprisi.n ve tissue
cont act wWherein the %qfa@aﬁxl@s\%ﬁ%a iVHhHPECa’rei Meé‘d%n‘re)?,@?gﬁﬁﬁ 'E?% S?%é% r

of:

initiating at least one access site into the corneal mass posterior to
Bowman's layer,

separating lamellae of the corneal mass to create a separation zone
for receiving an electrosurgical probe, wherein not more than one lamellar
separation is performed to create each separation zone,

introducing through said at least one access site the electrosurgical
probe into the separation zone, and

energizing said electrosurgical probe to reduce the volume of the
corneal mass adjacent to said electrosurgical probe,

2. The procedure of claim 1 where the energizing step comprises the
step of reducing the corneal mass by ablation.

3. The procedure of claim 1 where the energizing step comprises the
step of reducing the corneal mass by desiccation. N
4. The procedure of claim 1 where the energizing step comprises the
step of reducing the corneal imass with a bipolar RF electrode.

5. The procedure of claim 1 where the energizing step comprises the
step of reducing the corneal mass with a monopolar RF electrode.

6. The procedure of claim 1 where the energizing step comprises the

step of reducing the corneal mass with an electrosurgical RF electrode in a
sesquipolar configuration. '

7. The procedure of claim 1 where the energizing step comprises the
step of reducing the corneal mass with an electrosurgical probe in the form of
a substantially hook-shaped probe.

8. The procedure of claim 1 where the energizing step comprises the
step of reducing the corneal mass with an electrosurgical probe that forms a
probe of less than about 350°.

9. The procedure of claim 1 where the energizing step comprises the
step of reducing the volume of the corneal mass to correct hyperopie.

10. The procedure of claim 3 where the energizing step comprises the

step of reducing the volume of the corneal mass to correct hyperopia or
astigmatism.
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own separate conduct or’

conprising a si ngl e active tissue contacting site | ocat

cont act

end | ocated on a top portion of the probe. 27. The

el ectrosurgi cal probe of claim 23, wherein a single active tissue
contacting site is located near a tip of the contact end and rai sed and
pointed in a retracting direction ol gge_probe. 28. The el ectrosurgi cal
probe of claim 23, wherein said contact end is broadened and wherein a

cont act

Contact i, oo BHSCRL ’%?E% aﬂ%surzn%e%?h PigpY el Shubifiedt BT

conpri sisiep &f vedveing tha yphum 9185155@&@“@6 YRIORR, 111/@1& a

di st al Q;}chsqunt,mlﬁpnt act end

12. The procedure of claim 1 additionally comprising the step of placing
a relief cut in at least a portion of Bowman's layer.

13. The procedure of claim 1 where the energizing step comprises the
step of reducing the volume of the corneal mass to alleviate astigmatism.

14. The procedure of claim 1 where the energizing step comprises the
step of reducing the volume of the corneal mass to correct myopia.

15. The procedure of claim 14 where the energizing step comprises the
step of reducing the volume of the corneal mass at or near the centre of the
cornea.

16. An electrosurgical probe comprising a support end and a
substantially hook-shaped contact end where said contact end comprises at
least one active tissue contacting site disposed on a surface of said contact
end, the plane of the contact end is substantially coplanar with corneal
lamellae when the probe is introduced into a corneal mass, an area of the at
least one active site is substantially smaller than an area of the contact end
surface on which the at least one active site is disposed, and the active site is
in electrical connection with an insulated conductor residing within said
contact end and extending to the support end.

17. The electrosurgical probe of claim 16. said probe comprising two
active tissue contacting sites, the active sites being in electrical connection
with a single insulated conductor residing within said contact end and
extending to the support end.

18. The electrosurgical probe of claim 16, said probe comprising a single
active tissue contacting site, said active site being located in a tip of the
contact end.

19. The electrosurgical probe of claim 16, said probe comprising a single
active tissue contacting site wherein the active site comprises an arc of less
than about 350 degrees.

20. . The electrosurgical probe of claim 16, said probe comprising two
active tissue contacting sites that are each in electrical connection with their

own separate conductor residing within said contact end and extending to
the support end.

residing within said contact end and _ext endi n

the support end. 26. ~The el ectrosurgical probe of cl :umaﬁ I”jﬂ!Hu

k.



- 32 - 30. The el ectrosurgical probe of claim23 fur I sLng._a
di sc- shaped single active tissue contacting site at a (i @ﬁlﬂﬂﬁiﬂ"ﬂi‘um,
contact end. 31. The el ectrosurgical probe of claim w oM rE

| oop forms the

- 31 -

21. The electroswrgical probe of claim 16, said probe comprising a single
active tissue contacting site located near a tip of the contact end on a top
portion of the probe.

22. The electrosurgical probe of claim 16, said probe comprising a single
active tissue contacting site located near a tip of the contact end and raised
and pointed in a retracting direction of the probe.

23. - An electrosurgical probe comprising a support end and a contact end
where said contact end comprises at least one active tissue contacting site,
the height of the contact end is generally less than the width of the contact
end. a substantial portion of the at least one active site is disposed on a major
surface of the contact end, the at least one active site is in slectrical
connection with a conductor residing within said contact end and extending
to the support end, the conductor is adapted to be coupled to an electrical
signal source, and the probe reduces a corneal mass when the probe is
introduced into the corneal mass and the at least one active site is energized
by the signal source to thereby alter the anterior corneal surface and correct
refractive error. .

24. The electrosurgical probe of claim 23, said probe comprising a single
active tissue contacting site, said active site extending along a length of the
contact end and located on a top portion of the probe.

25. The electrosurgical probe of claim 23, said probe comprising two
active tissue contacting sites that are each in electrical connection with their
own separate conductor residing within said contact end and extending to
the support end.

26. The electrosurgical probe of claim 23, said probe comprising a single
active tissue contacting site located near a tip of the contact end located on a
top portion of the probe.

27. The electrosurgical probe of claim 23, wherein a single active tissue
contacting site is located near a tip of the contact end and raised and pointed
in a retracting direction of the probe.

28. The electrosurgical probe of claim 23, wherein said contact end is
broadened and wherein a single active tissue contacting site is located within
the broadened contact end. _ ‘
29. The electrosurgical probe of claim 23 further comprising a washer-
shaped single active tissue contacting site at a distal end of the contact end.
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surfaced of the disc-shaped active site. 32. The el ec I cal probe

of claim 16, wherein said substantially hook-shaped cont i‘ M' uﬁtullll

open, substantially circular shape. 33. The el ectrosu Jors
34

claim 16, wherein the contact end is substantially flat. The

el ectrosurgi cal probe of claim23, wherein the area of the at |east one
active site is substantially smaller than the area of the major surface on
which the at | east one active site is :gi's_posed. 35. A procedure for
altering the shape of the anterior cormneal surface of an eye having a

Rl IRV TS o T
el ect r osslmgpiedaingleckntivatistamandbdtingsiteleba distabend of theéentantendo t he
acconpanyj ng tfAeltrosurgical probe of claim 30 wherein a wire loop forms the
surfaced of the disc-shaped active site.
32. The electrosurgical probe of claim 16, wherein said substantially
hook-shaped contact end has an open, substantially circular shape.

33. The electrosurgical probe of claim 16, wherein the contact end is
substantially flat.
34. The electrosurgical probe of claim 23, wherein the area of the at least

one active site is substantially smaller than the area of the major surface on
which the at least one active site is disposed.

35. A procedure for altering the shape of the anterior corneal surface of
an eye having a corneal mass posterior to the anterior corneal surface
substantially as described with reference to the accompanying drawings.

36. An electrosurgical probe substantially as described with reference to
the accompanying drawings.
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