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EYE THERAPY SYSTEM
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 61/101,820,

filed October 1, 2008, the contents of which are incorporated entirely herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention pertains to the field of keratoplasty and, more particularly, to
methods and systems employing an applicator to deliver energy according to a selected

pattern to correct eye disorders.
Description of Related Art

[0003] A varicty of eye disorders, such as myopia, astigmatism, keratoconus, and
hyperopia, involve abnormal shaping of the cornea. Keratoplasty reshapes the cornea to
correct such disorders. For example, with myopia, the shape of the cornea causes the
refractive power of an eye to be too great and images to be focused in front of the retina.
Flattening aspects of the cornea’s shape through keratoplasty decreases the refractive power
of an eye with myopia and causes the image to be properly focused at the retina.

[0004] Invasive surgical procedures, such as laser-assisted in-situ keratomileusis
(LASIK), may be employed to reshape the cornea. However, such surgical procedures may
typically require an extended healing period after surgery. Furthermore, such surgical
procedures may involve complications, such as dry e¢ye syndrome caused by the severing of
corneal nerves.

[0005] Thermokeratoplasty, on the other hand, is a noninvasive procedure that may be
used to correct the vision of persons who have disorders associated with abnormal shaping of
the cornea, such as myopia, keratoconus, and hyperopia. Thermokeratoplasty may be
performed by applying electrical energy in the microwave or radio frequency (RF) band. In
particular, microwave thermokeratoplasty may employ a near ficld microwave applicator to
apply energy to the cornea and raise the corneal temperature. At about 60°C, the collagen

fibers in the cornea shrink. The onset of shrinkage is rapid, and stresses resulting from this



WO 2010/039979 PCT/US2009/059260

shrinkage reshape the corneal surface. Thus, application of heat energy according to

particular patterns may cause aspects of the cornea to flatten and improve vision in the eye.
SUMMARY OF THE INVENTION

[0006] Embodiments according to aspects of the present invention provide improved
methods and systems for using an applicator to deliver energy to the eye according to
selected patterns to correct eye disorders. In particular, embodiments employ a sheath that is
removably fitted to an energy applicator.

[0007] In one aspect, the sheath provides a diclectric layer that provides an electrical
insulator to minimize the concentration of electrical current in the area of contact between the
eye surface and the energy applicator. In another aspect, the sheath allows the eye to be
cooled during the application of energy without directly applying coolant to the eye.

[0008] In a further aspect, the sheath includes a dielectric layer that may be configured to
provide varying impedances that provide different patterns for energy delivery to the eye. As
such, a single energy applicator may be employed with different sheaths to deliver energy to
the eye according to different patterns. In other words, the sheath may be employed to
customize a standard energy applicator and eliminate the need for multiple applicators with
fixed configurations and/or fixed dimensions. Moreover, the different patterns may include
asymmetric, non-annular, and/or irregular shapes to treat disorders such as astigmatism.

[0009] In yet another aspect, the sheath may be removed from the applicator and replaced
after each use. Thus, the disposable nature of the sheath promotes hygienic use of the
applicator, as direct patient contact can be limited to the sheath. Replacing the sheath after
cach use ensures that there is no cross-contact between patients.

[0010] Accordingly, an embodiment according to aspects of the present invention
provides an energy conducting system for applying therapy to an eye. The system includes a
conducting element. The conducting element is configured to conduct energy from an energy
source to apply therapy to an eye. The system also includes a covering configured to be
removably attached to the conducting element. The covering has an interface surface that is
positionable at an eye. At least a portion of the interface surface includes one or more
dielectric materials. The energy from the energy conducting element is deliverable to the eye

through the interface surface.
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[0011] Another embodiment according to aspects of the present invention provides a
device for insulating a portion of a conducting element. The conducting element is
configured to deliver energy from an energy source to provide therapy to an eye. The device
includes a covering that defines an interface surface positionable at an eye. At least a portion
of the interface surface includes one or more dielectric materials. Energy from the
conducting element is deliverable to the eye through the interface surface. The device also
includes an attachment element coupled to the covering. The attachment element is
removably attachable to the conducting element and is configured to position the interface
surface relative to the conducting element.

[0012] Yet another embodiment provides, an energy conducting system for applying
therapy to an eye. The system includes a conducting element including a first electrode and a
second electrode. The first electrode and the second electrode are separated by a gap. The
conducting element is configured to deliver energy from an energy source to a distal end.
The system includes a covering disposed at the distal end of the conducting element. The
covering defines an interface surface positionable at an eye. The interface surface includes
one or more dielectric materials and one or more conductive materials. Energy from the
conducting element is deliverable to the eye through the interface surface.

[0013] These and other aspects of the present invention will become more apparent from
the following detailed description of the preferred embodiments of the present invention

when viewed in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates an example system for applying energy to a cornea of an eye to
cause reshaping of the cornea according to aspects of the present invention.

[0015] FIG. 2A illustrates a high resolution image of a cornea after heat has been applied.

[0016] FIG. 2B illustrates another high resolution images of the cornea of FIG. 2A.

[0017] FIG. 2C illustrates a histology image of the cornea of FIG. 2A.

[0018] FIG. 2D illustrates another histology image of the cornea of FIG. 2A.

[0019] FIG. 3 illustrates an example system that employs a sheath according to aspects of
the present invention.

[0020] FIG. 4A illustrates an example embodiment of a sheath according to aspects of the

present invention.
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[0021] FIG. 4B illustrates a cross-sectional view of the sheath illustrated in FIG. 4A.
[0022] FIG. 4C illustrates a cross-sectional view of a sheath including a dielectric layer of
varying thickness according to aspects of the present invention.

[0023] FIG. 5 illustrates another example embodiment of a sheath according to aspects of
the present invention.

[0024] FIG. 6A illustrates an example system that employs a sheath according to aspects
of the present invention.

[0025] FIG. 6B illustrates the diclectric layer of the sheath illustrated in FIG. 6A.

[0026] FIG. 7 illustrates a contact surface of another example sheath according to aspects

of the present invention.
DESCRIPTION

[0027] FIG. 1 illustrates an example system for applying energy to a cornea 2 of an eye 1
to generate heat and cause reshaping of the cornea. In particular, FIG. 1 shows an applicator
110 with an electrical energy conducting element 111 that is operably connected to an
electrical energy source 150, for example, via conventional conducting cables. The electrical
energy conducting element 111 extends from a proximal end 110A to a distal end 110B of the
applicator 110. The electrical energy conducting element 111 conducts electrical energy
from the source 150 to the distal end 110B to apply energy to the cornea 2, which is
positioned at the distal end 110B. In particular, the electrical energy source 150 may include
a microwave oscillator for generating microwave energy. For example, the oscillator may
operate at a microwave frequency range of 400 MHz to 3000 MHz, and more specifically at a
frequency of around 915 MHz or 2450 MHz. As used herein, the term “microwave” may
correspond to a frequency range from about 10 MHz to about 10 GHz.

[0028] As further illustrated in FIG. 1, the electrical energy conducting element 111 may
include two microwave conductors, or clectrodes, 111A and 111B, which extend from the
proximal end 110A to the distal end 110B of the applicator 110. In particular, the conductor
111A may be a substantially cylindrical outer conductor, while the conductor 111B may be a
substantially cylindrical inner conductor that is disposed in an inner passage extending
through the outer conductor 111A. With the inner passage, the conductor 111A may have a

substantially tubular shape. The outer conductor 111A and inner conductor 111B may be
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formed, for example, of aluminum, stainless steel, brass, copper, other metals, coated metals,
metal-coated plastic, or any other suitable conductive material.

[0029] With the concentric arrangement of conductors 111A and 111B, a substantially
annular gap 111C of a selected distance is defined between the conductors 111A and 111B.
The annular gap 111C extends from the proximal end 110A to the distal end 110B. A
dielectric material 111D may be used in portions of the annular gap 111C to separate the
conductors 111A and 111B. The distance of the annular gap 111C between conductors 111A
and 111B determines the penetration depth of microwave energy into the cornea 2 according
to established microwave field theory. Thus, the microwave conducting element 111
receives, at the proximal end 110A, the electrical energy generated by the electrical energy
source 150, and directs microwave energy to the distal end 110B, where the cornea 2 is
positioned.

[0030] The outer diameter of the inner conductor 111B is preferably larger than the pupil.
In general, the outer diameter of the inner conductor 111B may be selected to achieve an
appropriate change in corneal shape, i.e., keratometry, induced by the exposure to microwave
energy. Meanwhile, the inner diameter of the outer conductor 111A may be selected to
achieve a desired gap between the conductors 111A and 111B. For example, the outer
diameter of the inner conductor 111B ranges from about 2 mm to about 10 mm while the
inner diameter of the outer conductor 111A ranges from about 2.1 mm to about 12 mm. In
some systems, the annular gap 111C may be sufficiently small, e.g., in a range of about 0.1
mm to about 2.0 mm, to minimize exposure of the endothelial layer of the cornea (posterior
surface) to elevated temperatures during the application of heat by the applicator 110.

[0031] In other systems, the outer conductor 111A and the inner conductor 111B may be
dimensioned to have very small diameters, so that the energy conducting element 111
essentially applies energy to the cornea 2 in a point, rather than in an annular shape. In other
words, the energy conducting element 111 may provide a pen-like device that shrinks corneal
collagen at a selected area of very small diameter. In operation, such systems employ the
energy conducting element 111 to shrink corneal collagen at a series of points and the
combination of spot treatments results in the desired reshaping of the cornea 2.

[0032] A controller 140 may be employed to selectively apply the energy any number of
times according to any predetermined or calculated sequence. The controller 140 may

include a computer device to control the application of energy according to instructions
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provided via a computer-readable storage medium. In addition, the controller 140 may
include a monitor and keyboard, or other user interface devices for receiving instructions
from an operator.

[0033] Referring again to FIG. 1, at least a portion of each of the conductors 111A and
111B may be covered with an electrical insulator to minimize the concentration of electrical
current in the area of contact between the corneal surface (epithelium) 2A and the conductors
111A and 111B. In some systems, the conductors 111A and 111B, or at least a portion
thereof, may be coated with a material that can function both as an electrical insulator as well
as a thermal conductor. A dielectric layer 110D may be employed along the distal end 110B
of the applicator 110 to protect the cornea 2 from electrical conduction current that would
otherwise flow into the cornea 2 via conductors 111A and 111B. Such current flow may
cause unwanted temperature effects in the cornea 2 and interfere with achieving a maximum
temperature within the collagen fibrils in a mid-depth region 2B of the cornea 2.
Accordingly, the dielectric layer 110D is positioned between the conductors 111A and 111B
and the cornea 2. The dielectric layer 110D may be sufficiently thin to minimize interference
with microwave emissions and thick enough to prevent superficial deposition of electrical
energy by flow of conduction current. For example, the diclectric layer 110D may be a
biocompatible material deposited to a thickness of about 51 um (0.002 inches). In general,
an interposing layer, such as the dielectric layer 110D, may be employed between the
conductors 111A and 111B and the cornea 2. However, the interposing layer does not
substantially interfere with the strength and penetration of the microwave radiation field in
the cornea 2. Moreover, the interposing layer does not prevent sufficient penetration of the
microwave field and generation of a desired heating pattern in the cornea 2. The dielectric
material may be an elastic material, such as polyurethane or silastic. Alternatively, the
dielectric material may be a nonelastic material, such as Teflon® or polyimides. The
dielectric material may have a fixed dielectric constant or varying dielectric constant by
mixing materials or doping the sheet, the variable dielectric being spatially distributed so that
it may affect the microwave hearing pattern in a customized way. The thermal conductivity
of the material may have fixed thermal properties (thermal conductivity or specific heat), or
may also vary spatially, through mixing of materials or doping, and thus provide a means to
alter the heating pattern in a prescribed manner. Another approach for spatially changing the

heating pattern is to make the dielectric sheet material of variable thickness. The thicker
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region will heat less than the thinner region and provides a further means of spatial
distribution of microwave heating. Embodiments employing diclectric layers of varying
thickness are described further below.

[0034] As FIG. 1 also illustrates, the applicator 110 may also include a micro-controller
coolant delivery system 112. The micro-controlled coolant delivery system 112 is in fluid
communication with a coolant supply (not shown) and pulses of coolant, or cryogen, from the
coolant supply may be applied toward the corneal surface 2A before, during, and/or after
energy is applied to the cornea 2 with the electrical energy source 150 and the electrical
energy conducting element 111. As such, the applicator 110 may be employed to apply
coolant to selectively cool the surface 2A of the cornea 2 positioned at the distal end 110B.
The delivery of coolant from the coolant delivery element 12 toward the corneal surface 2A,
in sequence with the application of heat to the cornea 2, permits the corneal temperature to be
increased to cause appropriate shrinkage of the collagen fibers in the targeted mid-depth
region 2B and reshape the cornea 2, while also minimizing injury to the outer layer 2A, i.c.
the epithelium, of the cornea 2.

[0035] The coolant delivery system 112 may have a nozzle structure 112A with an
opening 112B directed toward the distal end 110B. Although FIG. 1 may illustrate one
nozzle structure 112A, the coolant delivery system 112 may include more than one nozzle
structure 112A arranged, for example, circumferentially within the annular gap 111C.
Although FIG. 1 may illustrate the nozzle structure 112A, other embodiments may employ
other types of outlets or ports for delivering coolant to the surface 2A or other areas of the
eye 1.

[0036] Furthermore, the applicator 110 may define a substantially enclosed assembly at
the distal end 110B, which is placed in contact with the corneal surface 2A. As shown in
FIG. 1, this enclosed assembly may house the energy conducting element 111 and the coolant
delivery element 112. In some embodiments, the dielectric layer 110D may provide a
membrane-like layer substantially enclosing the distal end 110B of the applicator 110. In this
case, the coolant delivery system 112 applies coolant to the dielectric layer 110D, rather than
directly to the eye 1.

[0037] The controller 140 may also be operably connected to the coolant delivery system
112 as well as the energy source 150. As such, the controller 140 may be employed to

determine the amount and timing of coolant delivered from the coolant delivery system 112
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toward the corneal surface 2A at the distal end 110B. The controller 140 may be employed to
selectively apply the heat and the coolant any number of times according to a predetermined
or calculated sequence. For instance, the coolant may be applied to the corneal surface 2A
before, during, or after the application of heat to the cornea 2, or any combination thereof.
[0038] In some embodiments, the coolant delivery system 112 may employ a solenoid
valve in combination with the delivery nozzle 112A. As is known, a solenoid valve is an
electromechanical valve for use with liquid or gas controlled by applying or stopping an
electrical current through a coil of wire, thus changing the state of the valve. As such, the
controller 140 may electronically control the actuation of the solenoid valve to deliver the
coolant through the delivery nozzle 112A to the corneal surface 2A. However, other
embodiments may employ other types of actuators or alternative techniques for delivering
coolant through the delivery nozzle 112A in place of a solenoid valve.

[0039] During operation of the embodiment of FIG. 1, the controller 140 may be used to
actuate the application of micro-controlled pulses of coolant to the corneal surface 2A before
the application of heat to the cornea 2. A pulse, or a spurt, of coolant is applied to the corneal
surface 2A for a predetermined short period of time so that the cooling remains generally
localized at the corneal surface 2A while the temperature of deeper corneal collagen fibers 2B
remains substantially unchanged. Preferably, the pulse is on the order of milliseconds and is
less than 100 milliseconds. The delivery of the coolant to the corneal surface is controlled by
the controller 140 and may be less than 1 millisecond. Furthermore, the time between the
application of the coolant and the application of the heat is also controlled by the controller
140 and may also be less than 1 millisecond. The coolant pulse generally covers an area of
the corneal surface 2A that corresponds with the application of heat to the cornea 2. The
shape, size and disposition of the cooled region may be varied according to the application.
[0040] Advantageously, localized delivery of coolant to the corneal surface 2A before the
application of heat to the cornea 2 minimizes the resulting temperature at the corneal surface
2A when the heat is applied, thereby minimizing any heat-induced injury to the corneal
surface 2A. In other words, the coolant reduces the temperature of the corneal surface 2A, so
that the maximum surface temperature achieved at the corneal surface 2A during or
immediately after heat exposure is also reduced by a similar magnitude when compared to a
case where no coolant is applied prior to heat exposure. Without the application of coolant,

the temperature at the corneal surface 2A rises during or immediately after heat exposure
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with persistent surface heating resulting from a slow dissipation of heat trapped near the
surface-air interface.

[0041] Although temperatures observed at the corneal surface 2A immediately after heat
exposure are lowered by the application of coolant before exposure, a delayed thermal wave
may arrive at the corneal surface 2A after exposure as the heat generated in the corneal areas
2B below the surface 2A diffuses toward the cooled surface 2A. The heat transfer from the
corneal surface 2A to the surrounding air is likely to be insignificant, because air is an
excellent thermal insulator. With no cooling after the application of heat, heat diffusing away
from the areas 2B beneath the corneal surface 2A builds up near the corneal surface 2A and
produces an elevated surface temperature that may persist after the application of heat.
Although the heat that builds up near the corneal surface 2A may eventually dissipate through
thermal diffusion and cooling via blood perfusion, such dissipation may take several seconds.
More immediate removal of this heat by additional application of coolant minimizes the
chances for heat-related injury to the corneal surface 2A. Thus, embodiments of may employ
not only a pulse of coolant immediately prior to heat exposure, but also one or more pulses of
coolant thereafter. Accordingly, in further operation of the embodiment of FIG. 1, the
controller 140 may also be used to apply micro-controlled pulses of coolant during or after
the applicator 110 applies heat to the cornea 2, or any combination thereof. This application
of coolant rapidly removes heat which diffuses from the mid-depth corneal region 2B to the
corneal surface 2A.

[0042] When the coolant delivery system 112 delivers the pulse of coolant to the corneal
surface 2A, the coolant on the corneal surface 2A draws heat from the surface 2A, causing
the coolant to evaporate. In general, coolant applied to the surface 2A creates a heat sink at
the surface 2A, resulting in the removal of heat before, during, and after the application of
heat to the cornea 2. The heat sink persists for as long as the liquid cryogen remains on the
surface 2A. The heat sink can rapidly remove the trapped heat at the surface 2A without
cooling the collagen fibers in the region 2B. A factor in drawing heat out of the cornea 2 is
the temperature gradient that is established near the surface 2A. The steeper the gradient, the
faster a given quantity of heat is withdrawn. Thus, the application of the coolant attempts to
produce a large surface temperature drop as quickly as possible.

[0043] Because the cooled surface 2A provides a heat sink, the amount and duration of

coolant applied to the corneal surface 2A affects the amount of heat that passes into and
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remains in the region underlying the corneal surface 2A. Thus, controlling the amount and
duration of the cooling provides a way to control the depth of corneal heating, promoting
sufficient heating of targeted collagen fibers in the mid-depth region 2B while minimizing the
application of heat to regions outside the targeted collagen fibers.

[0044] In general, dynamic cooling of the corneal surface 2A may be optimized by
controlling: (1) the duration of the cooling pulse(s); (2) the duty cycle of multiple pulses; (3)
the quantity of coolant deposited on the corneal surface 2A so that the effect of evaporative
cooling can be maximized; and (4) timing of dynamic cooling relative to heat application.
For example, a single pulse timing may include applying a 80 ms heat pulse and a 40 ms
cooling pulse at the beginning, middle, or end of the heating pulse. In another example,
multiple cooling pulses may be applied according to a pattern of 10 ms ON and 10 ms OFF,
with four of these pulses giving a total of 40 ms of cooling, but timed differently.

[0045] For example, the coolant may be the cryogen tetrafluoroethane, C;H,F4, which has
a boiling point of about -26.5°C and which is an environmentally compatible, nontoxic,
nonflammable freon substitute. In another example, the coolant may be a fluorocarbon
refrigerant, e.g., R134. The coolant pulse released from the coolant delivery system 112 may
include droplets of the cryogen cooled by evaporation as well as mist formed by adiabatic
expansion of vapor.

[0046] In general, the coolant may be selected so that it provides one or more of the
following: (1) sufficient adhesion to maintain good surface contact with the corneal surface
2A; (2) a high thermal conductivity so the corneal surface 2A may be cooled very rapidly
prior to heat application; (3) a low boiling point to establish a large temperature gradient at
the surface; (4) a high latent heat of vaporization to sustain evaporative cooling of the corneal
surface 2A; and (5) no adverse health or environmental effects. Although the use of
tetrafluoroethane may satisfy the criteria above, it is understood that embodiments of the
present invention are not limited to a particular cryogen and that other coolants, such as liquid
nitrogen, argon, or the like, may be employed to achieve similar results. For instance, in
some embodiments, other liquid coolants with a boiling temperature of below approximately
body temperature, 37°C, may be employed. Furthermore, the coolant does not have to be a
liquid, but in some embodiments, may have a gas form. As such, the pulse of coolant may be
a pulse of cooling gas. For example, the coolant may be nitrogen (N;) gas or carbon dioxide

(CO,) gas.

10



WO 2010/039979 PCT/US2009/059260

[0047] As described previously, the controller 140 may be employed to selectively apply
the heat and the coolant pulses any number of times according to any predetermined or
calculated sequence. In addition, the heat and the pulses of coolant may be applied for any
length of time. Furthermore, the magnitude of heat being applied may also be varied.
Adjusting such parameters for the application of heat and pulses of coolant determines the
extent of changes that are brought about within the cornea 2. Of course, as discussed,
embodiments of the present invention attempt to limit the changes in the cornea 2 to an
appropriate amount of shrinkage of selected collagen fibers. When employing microwave
energy to generate heat in the cornea 2, for example with the applicator 110, the microwave
energy may be applied with low power (of the order of 40W) and in long pulse lengths (of the
order of one second). However, other embodiments may apply the microwave energy in
short pulses. In particular, it may be advantageous to apply the microwave energy with
durations that are shorter than the thermal diffusion time in the cornea. For example, the
microwave energy may be applied in pulses having a higher power in the range of 300 W to 3
kW and a pulse duration in the range of about 2 milliseconds to about one second. Thus,
when applying the coolant pulses before and after the application of heat as discussed
previously: a first pulse of coolant is delivered to reduce the temperature of the corneal
surface 2A; a high power pulse of microwave energy is then applied to generate heat within
selected areas of collagen fibers in a mid-depth region 2B; and a second pulse of coolant is
delivered in sequence to end further heating effect and “set” the corneal changes that are
caused by the energy pulse. The application of energy pulses and coolant pulses in this
manner advantageously reduces the amount to heat diffusion that occurs and minimizes the
unwanted impact of heating and resulting healing processes on other eye structures, such as
the corneal endothelium. Moreover, this technique promotes more permanent and stable
change of the shape of the cornea 2 produced by the heat. Although the application of high
powered energy in short pulses has been described with respect to the delivery of microwave
energy, a similar technique may be applied with other types of energy, such as optical energy
or electrical energy with radio frequency (RF) wavelengths described further below.

[0048] The system of FIG. 1 is provided for illustrative purposes only, and other systems
may be employed to apply energy to cause reshaping of the cornea. Other systems are
described, for example, in U.S. Patent Application Serial No. 12/208,963, filed September 11,
2008, which is a continuation-in-part application of U.S. Patent Application Serial No.

11
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11/898,189, filed on September 10, 2007, the contents of these applications being entirely
incorporated herein by reference.

[0049] In operation, the distal end 110B of the applicator 110 as shown in FIG. 1 is
positioned on or near the corneal surface 2A. Preferably, the applicator 110 makes direct
contact with the corneal surface 2A. In particular, such direct contact positions the
conductors 111A and 111B at the corneal surface 2A, though a thin interposing dielectric
layer 110D may be disposed between the conductors 111A and 111B and the corneal surface
2A. Accordingly, direct contact helps ensure that the pattern of microwave heating in the
corneal tissue has substantially the same shape and dimension as the gap 111C between the
two microwave conductors 111A and 111B.

[0050] Prior to positioning of the applicator 110 in contact with the corneal surface 2A,
the corneal surface 2A may be scanned to make a topographical map showing the shape and
curvature of the surface of the cornea. Then, with the conductors 111A and 111B positioned
flush with the corneal surface 2A, the treatment may apply durations of microwave pulses to
generate heat and reshape collagen. The treatment may also apply coolant pulses to protect
the corneal surface. In one aspect, the treatment attempts to shrink the collagen in the cornea
2 and form a precisely controlled annular lesion in approximately the upper 150 um of the
stroma. The microwave treatment raises the temperature of an annulus, just below the
surface of the cornea, to a temperature in the range of approximately 60 to 75°C. Using
evaporative surface cooling techniques, the system cools the surface of the cornea during
treatment to isolate and protect the epithelium and Bowman’s membrane from microwave
heating. Thus, the treatment is noninvasive, as there is no cutting or penetration of the eye.
In one example application, the applicator 110 predictably flattens the central cornea to
achieve mild-to-moderate myopic correction (-0.5 to -3.5 diopters, D) without compromising
the biomechanical integrity of the cornea.

[0051] Accordingly, embodiments according to aspects of the present invention may
apply microwave energy emitted from the applicator 110 in a substantially annular pattern
around the pupil to shrink stromal collagen and modify the dioptric power of the cornea,
while a cooling system acts on the corneal surface to minimize thermal damage to the
epithelium. In particular, electric field lines form a fringing pattern that extends into the
corneal stroma to a depth determined by the applied power and applicator geometry. This

electric field causes the polar water molecules to align themselves with the field; the rapid
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reversal of the sinusoidally-varying field causes frictional heating by these molecules as they
rotate in place. This effect does not require a conduction current to flow through a point of
electrical contact between a conductor and tissue; heating is caused by a displacement
current.

[0052] Although the applicator 110 of FIG. 1 may apply energy according to
substantially annular patterns defined by the outer conductor 111A and inner conductor
111B, other embodiments may apply energy to an eye in asymmetrical and/or irregular
patterns. Such applications can correct eye disorders such as astigmatism. For example, as
discussed previously, the energy conducting element 111 may provide a pen-like device that
shrinks corneal collagen at a selected spot of very small diameter. To cause asymmetric
and/or irregular reshaping of the cornea 2, the combination of spots may be applied to define
an asymmetric and/or irregular pattern. Further description of systems for reshaping of the
cornea according to asymmetric and/or irregular patterns are provided in U.S. Patent
Application Serial No. 12/113,672, filed May 1, 2008, the contents of which are entirely
incorporated herein by reference.

[0053] FIGS. 2A-D illustrate an example of the effect of applying heat to corneal tissue
with a system for applying heat, such as the system illustrated in FIG. 1. In particular, FIGS.
2A and 2B illustrate high resolution images of cornea 2 after heat has been applied. As
FIGS. 2A and 2B show, a lesion 4 extends from the corneal surface 2A to a mid-depth region
2B in the corneal stroma 2C. The lesion 4 is the result of changes in corneal structure
induced by the application of heat as described above. These changes in structure result in an
overall reshaping of the cornea 2. It is noted that the application of heat, however, has not
resulted in any heat-related damage to the corneal tissue.

[0054] As further illustrated in FIGS. 2A and 2B, the changes in corneal structure are
localized and limited to an areca and a depth specifically determined by an applicator as
described above. FIGS. 2C and 2D illustrate histology images in which the tissue shown in
FIGS. 2A and 2B has been stained to highlight the structural changes induced by the heat. In
particular, the difference between the structure of collagen fibrils in the mid-depth region 2B
where heat has penetrated and the structure of collagen fibrils outside the region 2B is clearly
visible. Thus, the collagen fibrils outside the region 2B remain generally unaffected by the
application of heat, while the collagen fibrils inside the region 2B have been rearranged and

formed new bonds to create completely different structures. In other words, unlike processes,
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such as orthokeratology, which compress arecas of the cornea to reshape the cornea via
mechanical deformation, the collagen fibrils in the region 2B are in an entirely new state.
[0055] As discussed previously, a dielectric layer 110D may be employed along the distal
end 110B of the applicator 110 and positioned between the energy conducting element 111
and the cornea 2. As shown in FIG. 3, the diclectric material does not have to be applied
directly to the outer conductor 111A and/or the inner conductor 111B. Rather, a removable
sheath, or covering, 120 may be fitted over the distal end 110B of the energy conducting
element 111, where the sheath 120 includes a diclectric layer 122 at a contact surface 121.
The sheath 120 includes a wall 123, such as, but not limited to, a flexible film material, that
defines the contact surface 121. As FIG. 3 illustrates, the contact surface 121 is aligned with
the distal end 110B of the applicator 110. When the applicator 110 is applied to the eye 1,
the contact surface 121 is disposed between the applicator 110 and the eye 1. As such, the
contact surface 121, rather than the applicator 110, comes into direct contact with the eye 1.
In other words, the contact surface 121 provides an interface between the patient and the
therapy system.

[0056] When the sheath 120 is properly fitted, the dielectric layer 122 is disposed in
proper relation to the outer conductor 111A and the inner conductor 111B. As described
previously, the diclectric layer 122 protects the cornea 2 from electrical conduction current
that would otherwise flow into the eye 1 via conductors 111A and 111B. The dielectric layer
122 may be formed from an elastic material, such as polyurcthane or silastic. Alternatively,
the dielectric layer 122 may be formed from a nonelastic material, such as Teflon® or
polyimides. In some embodiments, the entire sheath 120 may be formed from the dielectric
material. In other embodiments, the dielectric material is employed only at the contact
surface 121 of the sheath 120 to form the dielectric layer 122, while the rest of the sheath 120
is formed from other materials.

[0057] As further shown in FIG. 3, the sheath 120 encloses the distal end 110B of the
applicator 110. Thus, in operation, the coolant delivery system 112 applies coolant directly
to the contact surface 121, rather than directly to the eye. The delivery of coolant sufficiently
cools the surface of the cornea during treatment to isolate and protect the epithelium and
Bowman’s membrane from microwave heating. Advantageously, however, the eye 1 is not
directly exposed to the coolant material. In general, the contact surface 121 provides a

protective layer over the eye 1 during the operation of the applicator 110.
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[0058] The sheath 120 may be removed from the applicator 110 and replaced after each
use. The disposable nature of the sheath 120 promotes hygienic use of the applicator 110, as
the direct contact with the patient’s eye can be limited to the contact surface 121. Replacing
the sheath 120 after each use helps to ensure that there is no cross-contact between patients.
[0059] As shown in FIGS. 4A-B, the sheath 120 may have a substantially cup-like shape
that provides a fit over the distal end 110B of the applicator 110. The wall 123 defines a
cavity 124. The cavity 124 receives the distal end 110B of the applicator 110 through an
opening 125. In some cases, the inner surface of the wall 123 within the cavity 124 may be
textured or otherwise treated, e.g., with a non-permanent adhesive, to enhance frictional
contact and provide more secure engagement between the sheath 120 and the applicator 110.
[0060] FIG. 4B also shows that the contact surface 121 of the sheath 120 may be
concave, i.e., curves into the cavity 122. The concave shape of the contact surface 121
minimizes any applanation that the sheath 120 may cause when applied against the eye 1. In
other words, the contact surface 121 is not biased outwardly to apply any unwanted
additional pressure against the eye 1. Furthermore, the concave shape also promotes more
effective contact between the contact surface 121 and the distal end 110B of the applicator
110. Thus, the dielectric layer 122 is properly disposed along the distal end 110B of the
applicator 110, and the delivery of energy to the eye 1 is not affected by any gaps or other
irregularities between the dielectric layer 122 and the applicator 110.

[0061] Aspects of the sheath 120, such as the contact surface 121, may be flexible to fit
the contours of the applicator 110. However, more rigid structures may be employed to
support the sheath 120. For example, FIG. 5 illustrates a sheath 120 that is supported by a
more rigid carrier 130. The carrier 130 facilitates manual handling and positioning of the
sheath 120. In one embodiment, the carrier 130 is a molded thermoplastic polyurethane
structure, and the sheath 120 is a polyurethane film that is thermally bonded to the carrier
130.

[0062] In operation, the carrier 130 engages the periphery of the applicator 110 to provide
a tight press-fit and securely position the sheath 120 over the distal end 110B of the
applicator 110. The tight press-fit minimizes any relative movement between the sheath 120
and the applicator 110.

[0063] As FIG. 5 illustrates further, the carrier 130 includes a collar 132 and a plurality of
ribs 134. Together the collar 132 and the ribs 134 provide the substantially cup-like shape for
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the sheath 120. In particular, the collar 132 maintains the shape, e.g., circular shape, of the
opening 125 to the cavity 124. As such, the collar 132 facilitates the insertion of the
applicator 110 into the cavity 124. Meanwhile, the ribs 134 are spaced along the
circumference of the collar 132 and extend toward the contact surface 121 of the sheath 120.
Thus, the ribs 134 support the sides of the sheath 120.

[0064] FIG. 5 also shows that the ribs 134 extend radially inward, i.e., angle into the
cavity 124, as they extend away from the collar 132. In other words, the diameter across the
cavity 124 reduces as the ribs 134 extend away from the collar 132. As a result, when the
applicator 110 is inserted farther into the cavity 124, the ribs 134 engage the applicator 110
with greater pressure. This pressure provides a tighter fit between the carrier 130 and the
applicator 110. Moreover, the sheath 120 is supported against the applicator 110.

[0065] Although FIG. 5 may illustrate a sheath 120 assembled with a separate carrier
130, it is understood that supporting structures may be integral with the sheath 120. For
example, structures similar to the collar 132 and the ribs 134 may be formed by increasing
the thickness of wall 123 at selected sections of the sheath 120. The thicker sections may
provide sufficient rigidity to facilitate handling of the sheath 120 and to fit the sheath 120
securely to the applicator 110.  Alternatively, materials of greater rigidity may be
incorporated into the walls 123 of the sheath 120. In addition, it is understood that supporting
structures for the sheath 120 are not limited to the specific shapes and configurations
described herein. Moreover, it is understood that other embodiments may employ other
structures or mechanisms that removably fit a desired dielectric layer at the distal end of an
applicator.

[0066] As shown in FIG. 5, the sheath 120 may have a substantially uniform thickness.
For example, the film may be approximately 50 pm in thickness. However, in other
embodiments, the thickness of the sheath 120 may vary. In particular, the dielectric layer 122
along the contact surface 121 may have varying thickness. By way of example, as shown in
the cross-sectional view of FIG. 4C, the dielectric layer 122 includes a first section 122A and
second section 122B, where the second section 122B is thicker than the section 122A. As
discussed previously, varying the thickness of a dielectric layer provides a technique for
determining the pattern of energy delivered to the cornea.

[0067] The presence of a dielectric layer results in an impedance that affects the delivery

of energy through the dielectric layer. A thicker layer of a given dielectric material provides
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greater impedance. Thus, a dielectric material having sufficient thickness can minimize
conductivity.  Accordingly, thick sections of dielectric material may be employed along the
contact surface 121 to define a selected pattern for delivering energy through the dielectric
layer 122. The actual dimensions of the thick sections depend on the material from which the
sections are formed. Different materials may require the application of different thicknesses
to achieve a given impedance. For example, a polyurethane film of 50 pum does not change
the annular pattern defined by the conductors 111A and 111B for the delivery of energy from
the applicator 110. However, if sections of the polyurethane film were sufficiently thick, the
pattern of energy could be modified from the annular pattern. Alternatively, another material
could be employed along the diclectric layer 121 to provide a section of sufficiently high
impedance.

[0068] FIG. 6A illustrates a sheath 220 that may be applied to the applicator 110. The
sheath 220 includes a dielectric layer 222 of varying thickness on the contact surface 221. In
particular, the dielectric layer 222 includes thick dielectric sections 222A of high impedance
and a thin dielectric section 222B of lower impedance. FIG. 6B shows the dielectric layer
222 at the contact surface 221 of the sheath 220. The dotted lines in FIG. 6B identify the
outer conductor 111A, the inner conductor 111B, and the gap 111C disposed within the
cavity 224. The annular profiles of the outer conductor 111A and the gap 111C are
concentric with the circular profile of the inner conductor 111B. FIG. 6B shows that the two
thick dielectric sections 222A correspond to opposing sections of the outer conductor 111A.
Meanwhile, the thin dielectric section 222B forms the remainder of the dielectric layer 222.
Due to the high impedance of the thick dielectric sections 222A, the energy from the energy
conducting element 111 is not delivered through the dielectric layer 222 in an annular pattern.
In particular, the thick dielectric sections 222A have the effect of segmenting the outer
conductor 111A into C-shaped outer conductors, each of which provides a corresponding
pattern for energy delivery. The thick dielectric sections 222A effectively prevent the
corresponding sections of the outer conductor 111A from forming an electrode pair with the
inner conductor 111B and from contributing to the pattern of energy delivered to the eye.
Alternatively or additionally, to achieve similar effects, thick sections of the dielectric layer
222 may be aligned with sections of the inner conductor 111B. In this case, these thick
sections effectively prevent the corresponding sections of the inner conductor 111B from

forming an electrode pair with the outer conductor 111A.
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[0069] The example of FIGS. 6 A-B shows that the thickness of the dielectric layer on a
sheath may be varied to change the pattern of energy delivery to the eye. In addition, the
example illustrates that the pattern can be non-annular. Furthermore, it can be shown that the
dielectric layer can also be configured to produce an asymmetric pattern. For example, in the
example of FIGS. 6A-B, an asymmetric pattern can be achieved by implementing only one of
the thick dielectric sections 222A. Because the sheath may be employed to deliver energy to
the cornea in an irregularly shaped, e.g., asymmetric and/or non-annular, pattern,
embodiments according to aspects of the present invention may be employed to treat an eye
disorder, such as astigmatism. Furthermore, a sheath that provides a dielectric layer with an
asymmetric and/or irregular pattern to treat astigmatism can be more easily reoriented with
respect to the applicator or the eye to accommodate the axis of astigmatism. Further
examples of asymmetric and/or irregular patterns that can be produced with the sheath
described herein are provided in U.S. Patent Application Serial No. 12/113,672, filed May 1,
2008, the contents of which are entirely incorporated herein by reference.

[0070] Because the sheath can provide a variety of configurations for the dielectric layer,
a single energy applicator may be employed with different sheaths to deliver energy to the
eye according to different patterns. In other words, the sheath may be employed to customize
a standard energy applicator and ecliminate the need for multiple applicators with fixed
configurations and/or fixed dimensions.

[0071] Embodiments according to aspects of the present invention may employ a variety
of materials and/or a variety of thicknesses to configure the contact surface of the sheath.
Indeed, as shown in FIG. 7, a contact surface 321 of a sheath 320 does not include an entire
layer of one or more diclectric materials. Rather, the contact surface 321 of the sheath 320
includes one or more conductive materials in addition to one or more dielectric materials.
For example, the contact surface 321 may include a layer 321A that aligns at least partially
with the outer conductor 111A, a layer 321B that aligns at least partially with the inner
conductor 111B, and a layer 321C that aligns at least partially with the gap 111C between the
conductors 111A and 111B. The layers may be concentric but are not necessarily so. In
addition, the layers do not have to coincide completely with features of the energy conducting
element. In one embodiment, one or more conductive materials form the layers 321A and
321B, while one or more dielectric materials form the layer 321C. Thus, the contact surface

321 includes two conductive layers separated by a dielectric layer. In another embodiment,
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one or more conductive materials may form the layer 321A, while one or more dielectric
materials form the layers 321B and 321C. Thus, a conductive layer is aligned at least
partially with the outer electrode 111A, while a dielectric layer covers the remainder of the
contact surface 321. In yet another embodiment, one or more conductive materials may form
the layer 321B, while one or more dielectric materials form the layers 321A and 321C. Thus,
a conductive layer is aligned at least partially with the outer electrode 111B, while a dielectric
layer covers the remainder of the contact surface 321. The use of dielectric materials and
conductive materials for the contact surface are not limited to these examples. For example,
it is contemplated that any one of the layers 321A, 321B, and 321C may include both
conductive and dielectric materials to achieve a particular pattern. It is noted, however, that a
conductive path should not extend from the layer 321A and 321B, so that the outer conductor
111A and the inner conductor 111B remain electrically separated. In general, the sheath 320
allows the appropriate lesion to be formed in the corneal tissue, while also providing an
intermediate layer that allows coolant to be applied to the eye without direct contact.

[0072] While the present invention has been described in connection with a number of
exemplary embodiments, and implementations, the present inventions are not so limited, but

rather cover various modifications, and equivalent arrangements.
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WHAT IS CLAIMED IS:

1. An energy conducting system for applying therapy to an eye, the system comprising:
a conducting element, the conducting element being configured to conduct
energy from an energy source to apply therapy to an eye; and
a covering configured to be removably attached to the conducting element, the
covering having an interface surface positionable at an eye, at least a portion of the
interface surface including one or more dielectric materials, the energy from the

energy conducting element being deliverable to the eye through the interface surface.

2. The system of claim 1, wherein the covering forms an enclosure over a portion of the

conducting element.

3. The system of claim 2, further comprising a coolant delivery system, the coolant
delivery system being operable to deliver coolant within the enclosure to cool the interface
surface of the covering and the eye, and the enclosure preventing the coolant from directly

contacting the eye.

4. The system of claim 1, wherein the conducting element includes a first electrode and
a second electrode, the first electrode and the second electrode are separated by a gap, the
conducting element conducts the energy to a distal end, and the covering is configured to be

removably attached over the distal end.

5. The system of claim 1, wherein the covering forms a cavity that receives the

conducting element.
6. The system of claim 1, wherein the interface surface is concave.

7. The system of claim 1, further comprising a carrier coupled to the covering, the
carrier including a supporting structure defining a shape for the covering, and the carrier

being configured to removably attach the covering to the conducting element.

8. The system of claim 7, wherein the carrier is a molded thermoplastic polyurethane

structure, and the covering is a polyurethane film that is thermally bonded to the carrier.
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9. The system of claim 7, wherein the supporting structure includes a collar that receives

and engages a periphery of the conducting element.

10.  The system of claim 7, wherein the supporting structure includes a plurality of ribs

that receive and engage a periphery of the conducting element.

11.  The system of claim 7, wherein the carrier engages the conducting element according

to a press-fit.

12. The system of claim 1, wherein the one or more dielectric materials includes
polyurethane.
13.  The system of claim 1, wherein the energy is delivered through the interface surface

according to a pattern defined by the one or more dielectric materials, the one or more

dielectric materials providing varying impedances for the interface surface.

14.  The system of claim 13, wherein varying impedances are based on the thicknesses of

the one or more dielectric materials.

15.  The system of claim 13, wherein the conducting element includes a first electrode and
a second electrode, and the interface surface includes sections of high impedance that prevent
an electrode pair from forming between corresponding sections of the first electrode and the

second electrode.

16.  The system of claim 13, wherein the pattern is asymmetric.
17.  The system of claim 13, wherein the pattern is non-annular.
18.  The system of claim 1, wherein the covering is one of a plurality of removably

attachable coverings.

19.  The system of claim 18, wherein the plurality of removably attachable coverings

provide a plurality of patterns for delivering energy through the interface surface.

20. A device for insulating a portion of a conducting element, the conducting element
being configured to deliver energy from an energy source to provide therapy to an eye, the

device comprising:
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a covering that defines an interface surface positionable at an eye, at least a
portion of the interface surface including one or more dielectric materials, energy
from an conducting element being deliverable to the eye through the interface surface;
and

an attachment element coupled to the covering, the attachment element being
removably attachable to the conducting element and being configured to position the

interface surface relative to the conducting element.

21.  The device of claim 20, wherein the covering forms a cavity that receives the

conducting element.

22.  The system of claim 20, wherein the covering forms an enclosure over a portion of the

conducting element.

23.  The system of claim 22, further comprising a coolant delivery system, the coolant
delivery system being operable to deliver coolant within the enclosure to cool the interface
surface of the covering and the eye, and the enclosure preventing the coolant from directly

contacting the eye.

24.  The system of claim 20, wherein the conducting element includes a first electrode and
a second electrode, the first electrode and the second electrode are separated by a gap, the
conducting element conducts the energy to a distal end, and the covering is configured to be

removably attached over the distal end.

25.  The system of claim 20, wherein the covering forms a cavity that receives the

conducting element.
26.  The system of claim 20, wherein the interface surface is concave.

27.  The system of claim 20, further comprising a carrier coupled to the covering, the
carrier including a supporting structure defining a shape for the covering, and the carrier

being configured to removably attach the covering to the conducting element.

28.  The system of claim 27, wherein the carrier is a molded thermoplastic polyurethane

structure, and the covering is a polyurethane film that is thermally bonded to the carrier.
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29.  The system of claim 27, wherein the supporting structure includes a collar that

receives and engages a periphery of the conducting element.

30.  The system of claim 27, wherein the supporting structure includes a plurality of ribs

that receive and engage a periphery of the conducting element.

31.  The system of claim 27, wherein the carrier engages the conducting element

according to a press-fit.

32. The system of claim 20, wherein the one or more dielectric materials includes
polyurethane.
33.  The system of claim 20, wherein the energy is delivered through the interface surface

according to a pattern defined by the one or more dielectric materials, the one or more

dielectric materials providing varying impedances for the interface surface.

34.  The system of claim 33, wherein the varying impedances are based on the thicknesses

of the one or more dielectric materials.

35.  The system of claim 33, wherein the conducting element includes a first electrode and
a second electrode, and the interface surface includes sections of high impedance that prevent
an electrode pair from forming between corresponding sections of the first electrode and the

second electrode.

36.  The system of claim 33, wherein the pattern is asymmetric.
37.  The system of claim 33, wherein the pattern is non-annular.
38.  The system of claim 20, wherein the covering is one of a plurality of removably

attachable coverings.

39.  The system of claim 38, wherein the plurality of removably attachable coverings
provide a plurality of patterns for delivering energy through the interface surface. The device
of claim 1, wherein the one or more dielectric materials defines a pattern for delivery of
energy through the interface surface, the one or more dielectric materials providing varying

impedances for the interface surface.
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40.  An energy conducting system for applying therapy to an eye, the system comprising:
a conducting element including a first electrode and a second electrode, the
first electrode and the second electrode being separated by a gap, the conducting
element being configured to deliver energy from an energy source to a distal end; and
a covering disposed at the distal end of the conducting element, the covering
defining an interface surface positionable at an eye, the interface surface including
one or more dielectric materials and one or more conductive materials, energy from

the conducting element being deliverable to the eye through the interface surface.

41.  The system of claim 40, wherein the interface surface includes at least two conductive
layers formed by the one or more conductive materials, the one or more dielectric materials

separating the conductive layers.

42.  The system of claim 41, wherein the conductive layers include a first conductive layer
and a second conductive layer, the first conductive layer being aligned at least partially with
the first electrode and the second conductive layer being aligned at least partially with the
second electrode, and the one or more dielectric materials separating the first and second

conductive layers.

43.  The system of claim 40, wherein the interface surface includes one or more
conductive layers formed by the one or more conductive materials, the one or more
conductive layers being aligned at least partially with at least one of the first electrode and the

second electrode.

44.  The system of claim 40, wherein the interface surface includes a single conductive
layer formed by the one or more conductive materials, the single conductive layer being
aligned at least partially with one of the first electrode and the second electrode, the one or

more dielectric materials forming the remainder of the interface surface.

45. The system of claim 40, wherein the one or more diclectric materials form a dielectric
layer that is aligned at least partially with the gap between the first electrode and the second

electrode.
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46.  The system of claim 40, wherein the first electrode is substantially tubular, the second
electrode is substantially cylindrical and disposed in the first electrode, the gap between the

first and second electrode is annular.

47.  The system of claim 46, wherein the interface surface includes a single conductive
layer formed by the one or more conductive materials, the single conductive layer being
aligned at least partially with the first electrode or the second electrode, the one or more

dielectric materials forming the remainder of the interface surface.

48.  The system of claim 46, wherein the interface surface includes a first conductive layer
and a second conductive layer formed by the one or more conductive materials, the first
conductive layer being aligned with the first electrode and the second conductive layer being
aligned with the second electrode, the one or more diclectric materials forming an annular

dielectric layer separating the first and second conductive layers.

49.  The system of claim 40, wherein the covering forms an enclosure over the distal end

of the conducting element.

50.  The system of claim 49, further comprising a coolant delivery system, the coolant
delivery system being operable to deliver coolant within the enclosure to cool the interface
surface of the covering and the eye, and the enclosure preventing the coolant from directly

contacting the eye.

51.  The system of claim 40, wherein the covering forms a cavity that receives the

conducting element.
52.  The system of claim 40, wherein the interface surface is concave.

53.  The system of claim 40, further comprising an attachment element coupled to the
covering, the attachment element being removably attachable to the conducting element and

to position the interface surface relative to the conducting element.

54.  The system of claim 53, wherein the attachment element comprises a carrier coupled
to the covering, the carrier including a supporting structure defining a shape for the covering,

and the carrier being configured to removably attach the covering to the conducting element.
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55.  The system of claim 54, wherein the carrier is a molded thermoplastic polyurethane

structure, and the covering is a polyurethane film that is thermally bonded to the carrier.

56.  The system of claim 54, wherein the supporting structure includes a collar that

receives and engages a periphery of the conducting element.

57.  The system of claim 54, wherein the supporting structure includes a plurality of ribs

that receive and engage a periphery of the conducting element.

58.  The system of claim 54, wherein the carrier engages the conducting element

according to a press-fit.

59.  The system of claim 40, wherein the energy is delivered through the interface surface
according to a pattern defined by the one or more dielectric materials, the one or more

dielectric materials providing varying impedances for the interface surface.

60.  The system of claim 59, wherein the varying impedances are based on the thicknesses

of the one or more dielectric materials.

61.  The system of claim 59, wherein the conducting element includes a first electrode and
a second electrode, and the interface surface includes sections of high impedance that prevent
an electrode pair from forming between corresponding sections of the first electrode and the

second electrode.

62.  The system of claim 59, wherein the pattern is asymmetric.
63.  The system of claim 59, wherein the pattern is non-annular.
64.  The system of claim 40, wherein the covering is one of a plurality of removably

attachable coverings.

65.  The system of claim 64, wherein the plurality of removably attachable coverings

provide a plurality of patterns for delivering energy through the interface surface.
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