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METHODS AND APPARATUS FOR SKIN
TREATMENT

RELATED APPLICATIONS

[0002] The present invention is a non-provisional of U.S.
Provisional No. 60/337,496 filed Nov. 8, 2001, the entirety
of which is incorporated by reference.

BACKGROUND OF THE INVENTION

[0003] The present invention relates generally to the field
of electrosurgery, and more particularly to surgical devices
and methods which employ high frequency electrical energy
to remove fatty tissue. The present invention also relates to
methods and apparatus for electrosurgical treatment of skin
for contraction of collagen fibers within the skin. The
present invention also relates to methods and apparatus for
electrosurgical induction of collagen deposition in the der-
mis.

[0004] Suction lipectomy, commonly known as liposuc-
tion or lipoxheresis, is a well known surgical procedure used
for sculpturing or contouring the human body to increase the
altractiveness of its form. In general, the procedure involves
the use of a special type of curette or cannula which is
coupled to an external source of suction. An incision is made
in the target area and the fatty tissue is essentially vacuumed
from the patient’s body. This procedures has its disadvan-
tages, however, because the fat is relatively difficult to
separate from the surrounding tissue. Such separation often
causes excessive bleeding and damage to adjacent tissue or
muscles. A further problem is that the surgeon must be
carcful not to allow the suction to remove or injure any
desirable tissues, such as muscle, blood vessels, skin, sub-
cutaneous tissues and the like. In addition, it is often difficult
1o maintain constant suction without stopping to clean tissue
fragments from the cannula. Normally, the surgeon attempts
to compensate for this problem by rapidly moving the
cannula within the cavity, and even periodically withdraw-
ing it to allow the fat to move through the cannula. This
causes further trauma and collateral damage to surrounding
muscle, tissue and other body structures.

[0005] In an effort to resolve some of the drawbacks with
conventional liposuction, ultrasonic probes for vibrating and
aspirating adipose tissue have been developed. The ultra-
sonic vibrations physically melt the fatty tissue so that it can
be emulsified and aspirated through the probe. These ultra-
sonic probes have reduced the physical exertion required by
the surgeon to remove fatty tissue, increased the speed of the
operation and reduced the collateral damage created at the
incision point. One problem with these probes, however, is
excess heal generation at the distal tip of the ultrasonic
probe. For example, when the probe has been inserted into
the fatty tissue near the skin or the peritoneum, resistance
can be met, which increases the wattage at the tip of the
probe. The heat generated at the tip of the probe from the
increased wattage may be in excess of the heat required for
melting the fatty tissue. This excess heat resulls in burning
of tissue, collateral damage to muscles or blood vessels and
even penetration of membranes such as the skin or the
peritoneum.

[0006] RF energy has also been used in liposuction pro-
cedures to remove fatty tissue. In particular, microwave and
monopolar RF devices have been used to heat and soften
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fatty tissue so that the tissue can be more readily detached
from the adjacent tissue with a suction instrument. Similar
to ultrasonic energy, however, current microwave and
monopolar RF devices have difficulty controlling excess
heat generation at the target site, resulting in undesirable
collateral tissue damage. For example, conventional elec-
trosurgical cutting devices typically operate by creating a
voltage difference between the active electrode and the
targel tissue, causing an electrical arc to form across the
physical gap between the electrode and tissue. At the point
of contact of the electric arcs with tissue, rapid tissue heating
occurs due to high current density between the electrode and
tissue. This high current density causes cellular fluids to
rapidly vaporize into steam, thereby producing a “cuiting
effect” along the pathway of localized tissue heating. This
cutting effect generally results in the production of smoke,
or an electrosurgical plume, which can spread bacterial or
viral particles from the tissue to the surgical team or Lo other
portions of the patient’s body. In addition, the tissue is parted
along the pathway of evaporated cellular fluid, inducing
undesirable collateral tissue damage in regions surrounding
the targel tissue sile.

[0007] Moreover, monopolar electrosurgery methods gen-
erally direct electric current along a defined path from the
exposed or active electrode through the patient’s body to the
return electrode, which is externally attached to a suitable
location on the patient’s skin. In addition, since the defined
path through the patient’s body has a relatively high elec-
trical impedance, large voltages must typically be applied
between the active and return electrodes lo generale a
current suitable for cuiting or coagulation of the farget
tissue. This current, however, may inadvertently flow along
localized pathways in the body having less impedance than
the defined electrical path. This situation will substantially
increase the current flowing through these paths, possibly
causing damage to or destroying tissue along and surround-
ing this pathway.

[0008] The skin is the largest organ of the human body,
having a weight of approximately six pounds in the adult.
The skin has important functions, including: protection from
injury and infection; regulation of body temperature; and
storage of fat, water, and vitamin D. The skin has a layered
structure comprising the outer epidermis, the dermis, and the
inner subcutis. The epidermis is a relatively thin layer. The
dermis is a relatively thick layer containing the protein
collagen, which provides strength and resilience to the skin.
The subcutis lies below the dermis and consists of a network
of collagen and fat cells.

[0009] Following an electrosurgical or conventional lipo-
suction procedure, a pocket may be formed beneath the skin
whence adipose tissue was removed, wherein the pocket is
overlaid by an excessive area of skin or by a region of
excessively loose skin. There is a need for apparatus and
methods for treating the skin in a region having undergone
liposuction, for the purpose of shrinking and/or tightening
the skin in that region. There is a further need for shrinking
and tightening the skin following or during face-lift and
neck-lift cosmetic procedures. There is also a need for
apparatus and methods for electrosurgically treating the skin
in order to reduce or remove unwanted wrinkles in the skin.

SUMMARY OF THE INVENTION
[0010] The present invention provides syslems, apparatus
and methods for selectively applying electrical energy and
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suction to fatty or adipose tissue to remove the adipose tissue
from the patient (e.g., liposuction, abdominoplasty and the
like). The present invention provides apparatus and methods
for performing cosmetic procedures for the rejuvenation of
the skin.

[0011] Inone aspect of the invention, a method for remov-
ing adipose or fatty tissue underlying a patient’s epidermis
in body regions, such as the abdomen, lower torso, thighs,
face and neck, is disclosed. This method includes position-
ing one or more active electrode(s) and one or more return
electrode(s) in close proximity to a target region of fatty
tissue. A high frequency voltage is applied between the
active and return electrodes, and the fatty tissue or fragments
of the fatty tissue are aspirated from the target region. The
high frequency voltage either heats and soflens or separates
the fatty tissue or completely removes at least a portion of
the tissue. In both embodiments, the remaining fatty tissue
is more readily detached from the adjacent tissue in the
absence of energy, and less mechanical force is required for
removal. The bipolar configuration of the present invention
controls the flow of current to the immediate region around
the distal end of the probe, which minimizes tissue necrosis
and the conduction of current through the patient. The
residual heat from the electrical energy also provides simul-
tancous hemostasis of severed blood wvessels, which
increases visualization and improves recovery time for the
patient. The techniques of the present invention produce
significantly less thermal energy than many conventional
techniques, such as conventional ultrasonic and RF devices,
which reduces collateral tissue damage and minimizes pain
and postoperative scarring.

[0012] In one embodiment, the method comprises intro-
ducing a distal end of an electrosurgical instrument, such as
a probe or a catheter, to the target site, and aspirating fatty
tissue from the target site through one or more aspiration
lumen(s) in the instrument. High frequency voltage is
applied between one or more aspiration electrode(s) coupled
to the aspiration lumen(s) and one or more return elec-
trode(s) so that an electric current flows therebetween. The
high frequency voltage is sufficient to remove or at least
soften a portion of the tissue before the tissue passes into the
aspiration lumen(s). This partial or total ablation reduces the
size of the aspirated tissue fragments to inhibit clogging of
the aspiration lumen.

[0013] In an exemplary embodiment, the tissue may be
removed and/or softened by an electrosurgical probe having
an aspiration lumen and one or more aspiration electrode(s)
to prevent clogging of the lumen. The aspiration electrode(s)
are usually located near or at the distal opening of the
aspiration lumen so that tissue can be partially ablated
before it becomes clogged in the aspiration lumen. In some
embodiments, the aspiration electrodes(s) are adjacent to the
distal opening, or they may extend across the distal opening
of the lumen. The latter configuration has the advantage of
ensuring that the fatty tissue passing through the aspiration
lumen will contact the aspiration electrode(s). In other
embodiments, the aspiration electrode(s) may be positioned
within the aspiration lumen just proximal of the distal
opening. This embodiment has the advantage of eliminating
any possibility of contact between the surrounding tissue
and the return electrode. The aspiration electrode(s) may
comprise a loop, a coiled structure, a hook, or any other
geomeltry suitable for ablating the aspirated tissue. In one
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representative embodiment, the electrosurgical probe com-
prises a pair of loop electrodes disposed across the distal end
of the suction lumen. A more complete description of such
a device can be found in Ser. No. 09/010,382, filed Jan. 21,
1998 (attorney docket A-6), previously incorporated herein
by reference.

[0014] The electrosurgical probe will preferably also
include one or more ablation electrode(s) for ablating or
softening fatty tissue at the target site prior to aspiration of
the remaining tissue fragments from the patient’s body.
Typically, the ablation electrode(s) are different from the
aspiration electrode(s), although the same electrodes may
serve both functions. In an exemplary embodiment, the
probe includes a plurality of electrically isolated electrode
terminals surrounding the distal opening of the aspiration
lumen. High frequency voltage is applied between the
electrode terminals and a return electrode to ablate or soften
the fatty tissue at the target site. The non-ablated tissue
fragments are then aspirated from the target site. Preferably,
one or more of the electrode terminals are loop electrodes
that extend across the distal opening of the suction lumen to
ablate, or at least reduce the volume of, the tissue fragments,
thereby inhibiting clogging of the lumen. The aspiration or
loop electrodes may be energized with the active electrode
terminal(s), or they may be isolated from the electrode
terminal(s) so that the surgeon may select which electrodes
are activated during the procedure.

[0015] Insome embodiments, the return electrode(s) com-
prises an annular electrode member on the probe itself,
spaced proximally from the aspiration and ablation elec-
trodes. In these embodiments, electrically conductive fluid,
such as isotonic saline, is preferably used to generate a
current flow path between the aspiration and active elec-
trode(s) and the return electrode(s). High frequency voltage
is then applied between the aspiration and active electrode(s)
and the return electrode(s) through the current flow path
created by the electrically conductive fluid. Depending on
the procedure, the electrically conductive fluid may be
delivered to the target site through, for example, a fluid
lumen in the probe or a separate instrument, or the fluid may
already be present at the target site, as is the case in many
arthroscopic procedures.

[0016] The return electrode(s) are preferably spaced from
the active electrode(s) a sufficient distance to prevent arcing
therebetween at the voltages suitable for tissue removal, and
to prevent contact of the return electrode(s) with the target
tissue. The current flow path between the active and return
clectrodes may be generated by directing an electrically
conductive fluid along a fluid path past the return electrode
and to the target site, or by localing a viscous electrically
conductive fluid, such as a gel, at the target site, and
submersing the active and return electrode(s) within the
conductive gel. The electrically conductive fluid will be
sclected to have sufficient electrical conductivity to allow
current to pass therethrough from the active to the return
electrode, and such that the fluid ionizes into a plasma when
subject to sufficient electrical energy, as discussed below. In
the exemplary embodiment, the conductive fluid is isotonic
saline, although other fluids may be selected, as described in
co-pending Provisional Patent Application No.60/098,122,
filed Aug. 27, 1998 (attorney docket no. CB-7P), the com-
plete disclosure of which is incorporated herein by reler-
ence.
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[0017] In the exemplary embodiment, the adipose tissue is
removed with molecular dissociation or disintegration pro-
cesses. Conventional electrosurgery cuts through tissue by
rapidly heating the tissue until cellular fluids explode, pro-
ducing a cutting effect along the pathway ol localized
heating. The present invention volumetrically removes the
tissue along the cutting pathway in a cool ablation process
that minimizes thermal damage to surrounding tissue. In
these processes, the high frequency voltage applied to the
active electrode(s) is sufficient to vaporize an electrically
conductive fluid (e.g., gel or saline) between the electrode(s)
and the tissue. Within the vaporized fluid, a plasma is formed
and charged particles (e.g., electrons) are accelerated
towards the tissue to cause the molecular breakdown or
disintegration ol several cell layers ol the tissue. This
molecular dissociation is accompanied by the volumetric
removal of the tissue. The ablation of target tissue by this
process can be precisely controlled, thereby avoiding or
minimizing damage to non-target tissue. This process can be
precisely controlled to effect the volumetric removal of
tissue as thin as 10 to 50 microns with minimal heating of,
or damage to, surrounding or underlying tissue structures. A
more complete description of this phenomena is described in
commonly assigned U.S. Pat. No. 5,683,366, the complete
disclosure of which is incorporated herein by reference.

[0018] The present invention offers a number of advan-
tages over prior art RF, ultrasonic, microwave and laser
techniques for removing or softening tissue. The ability to
precisely control the volumetric removal of tissue results in
a field of tissue removal that is very defined, consistent, and
predictable. This precise heating also helps to minimize or
completely eliminate damage to healthy tissue structures or
nerves that are often adjacent to the target tissue. In addition,
small blood vessels within the skin tissue are simultaneously
cauterized and sealed as the tissue is removed to continu-
ously maintain hemostasis during the procedure. This
increases the surgeon’s field of view, and shortens the length
of the procedure. Moreover, since the present invention
allows for the use of electrically conductive fluid (contrary
to prior art bipolar and monopolar electrosurgery tech-
niques), isotonic saline may be used during the procedure.
Saline is the preferred medium for irrigation because it has
the same concentration as the body’s fluids and, therefore, is
not absorbed into the body as much as other fluids.

[0019] In one aspect, the invention provides a method for
improving the appearance of skin on the face and neck using
an electrosurgical probe. Typically, the probe includes a
shaft having a shaft distal end, an active electrode at the shaft
distal end, and a return electrode spaced from the active
electrode. In one embodiment, the method involves shrink-
ing the skin at a target site of the patient’s face or neck
following a face-lilt or neck-lift procedure. In one embodi-
ment, the probe is adapted for penetrating the skin such that
the shaft distal end is positioned at a subcutaneous location,
and the method involves accessing the patient’s dermis from
the subcutancous location. The active electrode is positioned
within the dermis at the target site, and a high frequency
voltage is applied between the active clectrode and the
return electrode in the sub-ablation mode, wherein the
applied voltage effects contraction of the skin in the vicinity
of the target site. Typically, the sub-ablation voltage is in the
range of from about 20 volts RMS to 90 volts RMS.
Optionally, the method may further involve removing excess
tissue, such as adipose tissue or excessively loose skin, from
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the patient’s face or neck prior to electrosurgically shrinking
the skin. The excess tissue may be removed using conven-
tional apparatus, or by the application of a high frequency
voltage in the ablation mode, wherein the ablation level
voltage is sufficient to cut the skin or volumetrically remove
excess or unwanted tissue.

[0020] In another aspect, the invention provides a method
for removing or reducing wrinkles on the skin of a patient.
Typically, the method involves the use of an electrosurgical
probe comprising a shaft having a shaft distal end, an active
clectrode at the shaft distal end, and a return electrode
spaced from the active electrode. The method further
involves positioning the active electrode within the dermis at
the location of a wrinkle targeted for treatment. In one
embodiment, positioning the active electrode in the dermis
involves directly accessing the dermis by advancing the
shaft distal end through the epidermis toward the dermis
until the active electrode lies within the dermis. In an
alternative embodiment, positioning the active electrode in
the dermis involves advancing the shaft distal end in a first
direction from the epidermis toward the subcutis until the
shaft distal end has reached a subcutaneous location, and
thereafter advancing the shaft distal end in a second direc-
tion from the subcutancous location toward the epidermis
until the active electrode lies within the dermis. That is to
say, in the latter embodiment the active electrode is posi-
tioned within the dermis by subcutancously accessing the
dermal layer of the skin. In one aspect of the invention, the
shaft distal end is at least somewhat flexible, and the probe
is adapted for interconversion between a linear configuration
and a curved configuration. The shaft distal end may be
sclectively deflectable (steerable) during a procedure, or
may be pre-bent to a desired extent prior to performing a
procedure.

[0021] Once the active electrode has been positioned
within the dermis at the location of the target wrinkle, a
sub-ablation voltage is applied between the active electrode
and the return electrode, wherein the sub-ablation voltage is
sufficient to induce localized collagen deposition. Such
collagen deposition at the location of the wrinkle causes the
wrinkle to be less noticeable (reduced) or essentially disap-
pear (removed). Prior to or during application of the voltage,
an electrically conductive fluid may be delivered to the
working end of the probe to provide a current flow path
between the active electrode and the return electrode. Typi-
cally, wrinkles targeted for treatment are on the face or neck,
often being around the eyes or around the mouth.

[0022] According to another aspect of the invention, there
is provided a method for treating the skin of a patient, in
conjunction with a lipectomy procedure, using an electro-
surgical probe. Typically, the probe includes a shaft having
a shalt distal end, an active electrode disposed at the shaft
distal end, and a return electrode spaced [rom the active
clectrode. In one embodiment, the skin is treated electro-
surgically in order to shrink and/or tighten the skin in the
region of the liposuction procedure. The active electrode is
positioned in at least close proximity to the dermis in the
region of the liposuction, and a high frequency sub-ablation
voltage is applied between the active clectrode and the
return ¢lectrode, wherein the sub-ablation voltage is effec-
tive in shrinking the skin due to the controlled heating of
collagen fibers in the dermis. Typically, the electrosurgical
treatment (c.g., the voltage parameters) is selected to heat
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the dermis to a temperature in the range from about 60° C.
to 70° C., which is a suitable temperature range for effecting
shrinkage of mammalian collagen, as described hereinbe-
low. In one embodiment, the active electrode comprises a
material such as tungsten, stainless steel, gold, platinum,
titanium, molybdenum, nickel, or their alloys, and the like.

[0023] In another embodiment of the invention, there is
provided a method for performing a face-lift or a neck-lift
procedure on a patient, using an electrosurgical instrument.
Typically, the instrument includes a shaft having a shafl
distal end, an electrically insulating electrode support at the
shalt distal end, an active electrode mounted in the electrode
support, and a return electrode spaced from the active
electrode. In one embodiment, the method involves access-
ing the patient’s dermis by advancing the shaft distal end
from a subcutaneous location (i.¢., from the underside of the
skin), so that the active electrode is positioned within the
dermis or subcutis at a target site. Once the active electrode
is so positioned, a high frequency voltage is applied between
the active electrode and the return electrode in the sub-
ablation mode, wherein the voltage effects contraction of the
skin in the vicinity of the active electrode. The active
electrode may be moved over the underside of the skin
during application of the high frequency voltage, in order to
contract collagen fibers over a relatively large area of the
dermis. Optionally, excess skin tissue or adipose tissue may
be selectively removed from one or more regions of the face
or neck prior to shrinking the skin. In one embodiment, the
clectrode support and the active electrode are arranged
laterally on the shaft distal end to facilitate access to the
targel site during certain procedures.

[0024] In another aspect of the invention there is provided
an electrosurgical instrument for treating the skin of a
patient. The instrument generally comprises a shaft having a
shaft distal end and a shaft proximal end, and an electrode
assembly disposed at the shaft distal end. The shaft distal
end is adapted for penctrating the skin to a subcutancous
location. As an example, the shaft may comprise a narrow
diameter stainless steel rod, e.g., having dimensions similar
to those of a hypodermic needle. The electrode assembly
comprises an electrically insulating electrode support, an
active electrode terminal on the electrode support, and a
return electrode disposed proximal to the active electrode
terminal. In one embodiment, the shaft distal end is adapted
for transformation (or interconversion) between a linear
configuration, adapted for penetrating the skin to a subcu-
taneous location, and a curved configuration, adapted for
guiding the active electrode from the subcutancous location
to a target location within the dermis.

[0025] A further understanding of the nature and advan-
tages of the invention will become apparent by reference to
the remaining portions of the specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] FIG. 1 is a perspective view of an electrosurgical
system for treating a patient’s skin including an electrosur-
gical generator and an electrosurgical probe or handpiece;

[0027] FIG. 2 is a perspective view of one embodiment of
an electrosurgical probe constructed according to the prin-
ciples of the present invention;

[0028] FIGS. 3A-3C are exploded, isometric views ol the
probe of FIG. 2;
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[0029] FIG. 4 is an end view of the distal tip of the probe,
illustrating an electrode support with a plurality of electrode
terminals;

[0030] FIG. 5 illustrates the electrical connections and the
electrode support of the handpiece in greater detail;

[0031] FIG. 6 is an end view of an exemplary electrode
support comprising a multilayer waler with plated conduc-
tors for electrodes;

[0032] FIGS. 7 and 8 are side views of the electrode
support of FIG. 7;

[0033] FIGS. 9A, 10A, 11A, 12A, and 13 are side views

of the individual wafer layers of the electrode support;

[0034] FIGS. 9B, 10B, 11B, and 12B are cross-sectional
views of the individual wafer layers;

[0035] FIGS. 14 and 15 illustrate an alternative multi-
layer wafer design according to the present invention;

[0036] FIG. 16A illustrates a method for treating the outer
layer of a patient’s skin in a skin resurfacing procedure,
wherein an outer layer of epidermis is removed or ablated
and the collagen fibers in the underlying dermis are con-
tracted;

[0037] FIG. 168 illustrates a method for treating the outer
layer of a patient’s skin in a skin resurfacing procedure with
an clectrosurgical probe having a single, active electrode
terminal;

[0038] FIG. 17 illusirates a method of skin resurfacing
wherein the epidermal layer is separated from the dermis,
and then removed by wiping away the separated laver;

[0039] FIGS. 18A and 18B illustrate a method for treating

a vascular lesion;

[0040] FIG. 19 illustrates a method of removing scalp
tissue and/or hair according to the present invention;

[0041] FIG. 20 is a cross-sectional view of an alternative
clectrosurgical probe for applying high frequency voltage to
tissue layers on the skin;

[0042] FIG. 21 is a graph illustrating the electrical imped-

ance of tissue and isotonic saline with operating [requency;

[0043] FIG. 22 illustrates another embodiment of the
probe of the present invention, incorporating additional
clectrodes sized for contraction of tissue;

[0044] FIG. 23 illustrates another embodiment of the
probe of the present invention, specifically designed for
creating incisions in external skin surfaces;

[0045] FIGS. 24-26 illustrates a method according to the
present invention for removing fatty tissue under the eyelids
to treat “baggy eyelids” syndrome;

[0046] FIG.27 is a detailed end view of an electrosurgical
probe having an elongate, linear array of electrode terminals
suitable for use in surgical cutting;

[0047] FIG. 28 is a detailed view of a single electrode
terminal having a flattened end at its distal tip;

[0048] FIG. 29 is a detailed view of a single electrode
terminal having a pointed end at its distal tip;
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[0049] FIG. 30 is a perspective view of another embodi-
ment of an electrosurgical probe for use in dermatology
procedures;

[0050] FIG. 31 is a detailed view of the distal portion of
yel another electrosurgical probe according to the present
invention;

[0051] FIG. 32 is a perspective view of another clectro-
surgical system incorporating a power supply, an electro-
surgical probe and a supply of electrically conductive fluid
for delivering the fluid to the target site;

[0052] FIG. 33 is a side view of another electrosurgical
probe according to the present invention incorporating aspi-
ration electrodes for ablating aspirated tissue fragments
and/or tissue strands, such as adipose lissue;

[0053] FIG. 34 is an end view of the probe of FIG. 33;

[0054] FIG. 35 is an exploded view of a proximal portion
of the electrosurgical probe;

[0055] FIGS. 36-38 illustrate alternative probes according
to the present invention, incorporaling aspiration electrodes;

[0056] FIG. 39 illustrates a method for removing fatty
tissue in the abdomen, groin or thighs region of a patient
according to the present invention;

[0057] FIG. 40 illustrates a method for removing fatty
tissue in the head and neck region of a patient according to
the present invention;

[0058] FIG. 41 is a block diagram representing an elec-
trosurgical system, according to one aspect of the invention;

[0059] FIG. 42 is a block diagram representing an elec-
trosurgical system, according to the instant invention;

[0060] FIG. 43 is a partial sectional view of an electro-
surgical probe, according to one embodiment of the inven-
tion;

[0061] FIGS. 44A-C cach show a side view of the working
end of an electrosurgical probe having a distal clectrode
assembly, according 1o three different embodiments of the
invention;

[0062] FIGS. 45A and 45B show an electrosurgical probe
in a linear configuration and a curved configuration, respec-
tively, according to the invention;

[0063] FIG. 46 illustrates subcutancous access of the
underside of the skin by a probe working end introduced via
an introducer device, according to one embodiment of the
invention;

[0064] FIGS. 47A and 47B cach illustrate subcutaneous
access of the underside of the skin by a probe working end,
according to two different embodiments of the invention;

[0065] FIGS. 48A-C represent treatment of a wrinkle in
the skin via direct insertion of an electrosurgical instrument
into a sub-epidermal layer, according to one embodiment of
the invention;

[0066] FIGS. 49A-C represent treatment of a wrinkle in
the skin via subcutaneous access of the underside of the skin
by an electrosurgical instrument, according to another
embodiment of the invention;
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[0067] FIG. 50 schematically represents a series of steps
involved in a method for electrosurgically treating the skin
of a patient, according to one embodiment of the invention;
and

[0068] FIGS. 51A and 51B each schematically represent
a series of steps involved in a method for electrosurgically
removing wrinkles in the skin of a patient, according to two
different embodiments of the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0069] The present invention provides systems and meth-
ods for selectively applying energy to a target location
within or on a patient’s body, particularly including proce-
dures on an external body surface, such as epidermal and
dermal tissues in the skin, or the underlying subcutaneous
tissue. The present invention also provides methods and
apparatus for removing fatty or adipose tissue underlying the
epidermal and dermal layers of the skin, such as liposuction,
abdominoplasties, or other lipectomy procedures. The
present invention also relates to procedures for skin lissue
cutting, ablation, incising or removal in the epidermis or
dermis, e.g., the removal of pigmentations, vascular lesions
(e.g., leg veins), scars, latloos, ete., and for other surgical
procedures on the skin, such as tissue rejuvenation, skin
shrinkage, blepharoplasty, browlifts, cosmetic surgery,
wrinkle removal, face-lifts and neck-lifts, as well as hair
removal and/or hair transplant procedures. The present
invention is also concerned with shrinkage of skin by
electrosurgical treatment of the underside of the skin, e.g., at
the site of a liposuction or face-lift procedure. In addition,
the systems and methods can be applied equally well to
procedures involving other tissues of the body, as well as 1o
other procedures including open surgery, arthroscopic sur-
gery, laparoscopic surgery, thoracoscopic surgery, and other
endoscopic surgical procedures.

[0070] In one embodiment, the present invention applies
high frequency (RF) electrical energy 1o one or more elec-
trode terminals underlying an external body surface, such as
the outer surface of the skin, to soften and/or ablate fatty
tissue in order to aspirate the fatty tissue from the patient’s
body. Depending on the specific procedure, the present
invention may be used to: (1) volumetrically remove the
fatty tissue (i.e., ablate or effect molecular dissociation of
adipose tissue); (2) decouple or soften fatty tissue from
adjacent tissue so that the fatty tissue can be more easily
aspirated; (3) shrink and tighten the skin by controlled
heating of the dermis; (4) induce localized collagen depo-
sition in the dermis to reduce or remove skin wrinkles; (5)
shrink or contract collagen-containing connective lissue;
and/or (6) coagulate blood vessels underlying the surface of
the skin.

[0071] In one embodiment, the present invention applies
high frequency (RF) electrical energy to one or more elec-
trode terminals underlying, within, or adjacent to the skin, in
order to contract collagen fibers within the dermis. The RF
energy heats the tissue in a controlled manner, either dircctly
by virtue of the elecirical current flowing therethrough, or
indirectly by exposing the tissue to fluid heated by the RF
energy, to elevate the tissue temperature from normal body
temperatures (e.g., 37° C.) to a temperature in the range of
from about 45° C. to 90° C., and preferably in the range of
from about 60° C. to 70° C.
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[0072] Thermal shrinkage of mammalian collagen occurs
within a temperature range of from about 60° C. to 70° C.
(Deak, G., et al., “The Thermal Shrinkage Process of Col-
lagen Fibres as Revealed by Polarization Optical Analysis of
Topooptical Staining Reactions,” Acta Morphologica Acad.
Sci. of Hungary, Vol. 15(2), pp 195-208, 1967). While not
being bound by theory, previously reported research has
attributed thermal shrinkage of collagen to the cleaving of
the internal stabilizing cross-linkages within the collagen
matrix (Deak, G., et al., ibid.). It has also been reported that
when collagen is exposed to a temperature above 70° C., the
collagen matrix begins to relax again, and the shrinkage
cffect is reversed, resulting in no net shrinkage (see, for
example, Allain, J. C., et al., “Isometric Tensions Developed
During the Hydrothermal Swelling of Rat Skin,” Connective
Tissue Research, Vol. 7, pp 127-133, 1980). Consequently,
the controlled heating of tissue to a precise lemperature is
critical to the achievement of effective collagen shrinkage. A
more detailed description of collagen shrinkage can be
found in U.S. Pat. No. 6,159,194.

[0073] According to another aspect of the present inven-
tion, tissue is ablated or removed through molecular disso-
ciation or disintegration of tissue components (i.e., by break-
ing the molecular bonds of the tissue components). In this
procedure, a high frequency voltage is applied between one
or more electrode terminal(s) and one or more return elec-
trode(s) to develop high electric ficld intensities in the
vicinity of the target tissue site. The high electric field
infensities lead to electric field induced molecular break-
down of target tissue through molecular dissociation (rather
than thermal evaporation or carbonization). Applicant
believes that the tissue structure is volumetrically removed
through molecular disintegration of larger organic molecules
into smaller molecules and/or atoms, such as hydrogen,
oxides of carbon, hydrocarbons and nitrogen compounds.
This molecular disintegration completely removes the tissue
structure, as opposed to dehydrating the tissue material by
the removal of liquid within the cells of the tissue, as is
typically the case with electrosurgical desiccation and
vaporization processes of the prior art.

[0074] The high electric field intensities may be generated
by applying a high frequency voltage that is sufficient to
vaporize an electrically conductive fluid over at least a
portion of the electrode terminal(s) in the region between the
distal tip of the electrode terminal(s) and the target tissue.
The electrically conductive fluid may be a liquid, such as
isotonic saline, delivered to the target site, or a viscous fluid,
such as a gel, that is located at the target site. In the latter
embodiment, the electrode terminal(s) are submersed in the
electrically conductive gel during the surgical procedure.
Since the vapor layer or vaporized region has a relatively
high electrical impedance, it increases the voltage differen-
tial between the electrode terminal tip and the tissue and
causes ionization within the vapor layer due to the presence
of an ionizable species (€.g., sodium when isotonic saling is
the electrically conductive fluid). This ionization, under
optimal conditions, induces the discharge of energetic elec-
trons and photons from the vapor layer and to the surface of
the target tissue. This energy may be in the form of energetic
photons (e.g., ultraviolet radiation), energetic particles (e.g.,
electrons) or a combination thereof. A more detailed descrip-
tion of this phenomenon can be found in commonly assigned
U.S. Pat. No. 5,683,366 the complete disclosure of which is
incorporated herein by reference.
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[0075] In the above procedure, it may also be desirable 1o
effect collagen shrinkage or contraction of the tissue layers
underlying the epidermal tissue. In these procedures, the
temperature of the electrode terminal(s) can be carefully
controlled such that sufficient thermal energy is transferred
to these underlying layers to contract the collagen connec-
tive tissue. The thermal energy may be transferred directly
through RF current that passes through and resistively heats
the underlying tissue layers, or it may be transferred indi-
rectly by heating the electrically conductive fluid, and allow-
ing the heated fluid to contact the underlying layers after the
epidermal layers have been removed. A complete descrip-
tion of suitable methods of contracting collagen tissue with
RF energy is described in U.S. Pat. No. 6,159,194, the
complete disclosure of which has previously been incorpo-
rated herein by reference.

[0076] In one method of the present invention, one or
more electrode terminals are brought into close proximity to
tissue al a target site, and the power supply is activated in the
ablation mode such that sufficient voltage is applied between
the electrode terminals and the return electrode to volumetri-
cally remove the tissue through molecular dissociation, as
described below. During this process, vessels within the
tissue will be severed. Smaller vessels will be automatically
sealed with the system and method of the present invention.
Larger vessels, and those with a higher flow rate, such as
arterial vessels, may not be automatically sealed in the
ablation mode. In these cases, the severed vessels may be
scaled by activating a control (e.g., a foot pedal) to reduce
the voltage of the power supply into the coagulation (sub-
ablation) mode. In the sub-ablation mode, the electrode
terminals may be pressed against the severed vessel to
provide sealing and/or coagulation of the vessel. Alterna-
tively, a coagulation electrode located on the same or a
different instrument may be pressed against the severed
vessel. Once the vessel is adequately sealed, the surgeon
activates a control (e.g., another foot pedal) to increase the
voltage of the power supply back into the ablation mode.

[0077] The present invention is also uscful for ablating,
cutting or softening tissue around nerves, such as cranial
nerves, ¢.g., facial nerves, vestibulocochlear nerves and the
like. One of the significant drawbacks with prior art RF
devices and lasers is that these devices do not differentiate
between the target tissue and the surrounding nerves or
bone. Therefore, the surgeon must be extremely careful
during these procedures to avoid damage to the nerves
within and around the target site. In the present invention,
the Coblation™ process for removing tissue results in
extremely small depths of collateral tissue damage as dis-
cussed above. This allows the surgeon to remove, soften or
cut tissue close 1o a nerve without causing collateral damage
to the nerve fibers.

[0078] In addition to the generally precise nature of the
novel mechanisms of the present invention, applicant has
discovered an additional method of ensuring that adjacent
nerves are not damaged during tissue removal. According to
the present invention, systems and methods are provided for
distinguishing between the fatty tissue immediately sur-
rounding nerve fibers and the normal tissue that is to be
removed during the procedure. Nerves usually comprise a
connective tissue sheath, or epineurium, enclosing the
bundles of nerve fibers, each bundle being surrounded by its
own sheath of connective tissue (the perineurium) to protect
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these nerve fibers. The outer protective tissue sheath or
epineurium typically comprises a fatty material having sub-
stantially different electrical properties than the normal
target tissue, such as collagen-containing connective lissue.
The system of the present invention measures the electrical
properties of the tissue at the tip of the probe with one or
more sensing electrode(s). These electrical properties may
include electrical conductivity at one, several, or a range of
frequencies (e.g., in the range from 1 kHz to 100 MHz),
diclectric constant, capacitance, or combinations of these. In
this embodiment, an audible signal may be produced when
the sensing electrode(s) at the tip of the probe detects the
fatty material surrounding a nerve, or direct feedback control
can be provided to only supply power to the electrode
terminal(s), either individually or to the complete array of
electrodes, if and when the tissue encountered at the tip or
working end of the probe is normal tissue based on the
measured electrical properties.

[0079] In addition to the above, applicant has discovered
that the Coblation® mechanism of the present invention can
be manipulated to ablate or cut cerlain lissue structures,
while having little effect on other tissue structures. As
discussed above, in one aspect the present invention uses a
technique of vaporizing electrically conductive fluid to form
a plasma layer or pocket around the electrode terminal(s),
and then inducing the discharge of energy from this plasma
or vapor layer to break the molecular bonds of the tissue
structure. Based on initial experiments, applicants believe
that the free electrons within the ionized vapor layer are
accelerated in the high electric fields near the electrode
tip(s). When the density of the vapor layer (or within a
bubble formed in the electrically conducting liquid)
becomes sufficiently low (i.c., less than approximately 10°°
atoms/cm® for aqueous solutions), the electron mean free
path increases to enable subsequently injected electrons to
cause impacl ionization within these regions of low density
(i.c., vapor layers or bubbles). Energy evolved by the
energetic electrons (e.g., 4 to 5 ¢V) can subsequently bom-
bard a molecule and break its bonds, dissociating a molecule
into free radicals, which then combine into final gaseous or
liquid species.

[0080] The energy evolved by the energetic electrons may
be varied by adjusting a variety of factors, such as: the
number of electrode terminals; electrode size and spacing;
clectrode surface area; asperities and sharp edges on the
electrode surfaces; electrode materials; applied voltage and
power; current limiting means, such as inductors; electrical
conductivity of the fluid in contact with the electrodes;
density of the fluid; and other factors. Accordingly, these
factors can be manipulated to control the energy level of the
excited electrons. Since different tissue structures have dif-
ferent molecular bonds, the present invention can be con-
figured to break the molecular bonds of certain tissue, while
having too low an energy to break the molecular bonds of
other tissue. For example, fatty tissue, (€.g., adipose tissue)
has double bonds that require a substantially higher energy
level than 4 to 5 eV to break. Accordingly, factors such as
applied voltage and power may be adjusted such that the
targel lissue (e.g., adipose tissue, dermal tissue) may be
ablated or modified according to a particular procedure. A
more complete description of this phenomenon can be found
in co-pending U.S. patent application Ser. No. 09/032,375,
filed Feb. 27, 1998 (Attorney Docket No. CB-3), the com-
plete disclosure of which is incorporated herein by refer-
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ence. In one embodiment, the present invention may be used
to effectively ablate cells to release the inner fat content in
a liquid form.

[0081] The present invention also provides systems, appa-
ratus and methods for selectively removing tumors, e.g.,
facial tumors, or other undesirable body structures while
minimizing the spread of viable cells from the tumor.
Conventional techniques for removing such tumors gener-
ally result in the production of smoke in the surgical setting,
termed an electrosurgical or laser plume, which can spread
intact, viable bacterial or viral particles from the tumor or
lesion to the surgical team or to other portions of the
patient’s body. This potential spread of viable cells or
particles has resulted in increased concerns over the prolif-
eration of certain debilitating and fatal diseases, such as
hepatitis, herpes, HIV and papillomavirus. In the present
invention, high frequency voltage is applied between the
clectrode terminal(s) and one or more return electrode(s) to
volumetrically remove at least a portion of the tissue cells in
the tumor through the dissociation or disintegration of
organic molecules into non-viable atoms and molecules.
Specifically, the present invention converts the solid tissue
and cells into non-condensable gases that are no longer
intact or viable, and thus, not capable of spreading viable
tumor particles to other portions of the patient’s brain or to
the surgical staff. The high frequency voltage is preferably
selected to effect controlled removal of these tissues and
cells, while minimizing substantial tissue necrosis to sur-
rounding or underlying tissue. A more complete description
of this phenomenon can be found in co-pending U.S. patent
application Ser. No. 09/109,219, filed Jun. 30, 1998 (Attor-
ney Docket No. CB-1), the complete disclosure of which is
incorporated herein by reference

[0082] The electrosurgical instrument will comprise a
shalt or a handpiece having a proximal end and a distal end
which supports one or more electrode terminal(s). The shaft
or handpiece may assume a wide variety ol configurations,
with the primary purpose being to mechanically support the
active electrode and permit the treating physician to manipu-
late the electrode from a proximal end of the shaft. For
dermatology procedures, the shaft will have any suitable
length and diameter that would facilitate handling the instru-
ment by the surgeon. For lipectomy procedures, the shaft
will preferably have a distal end suitable for delivery
through a percutancous penetration in the patient’s skin.

[0083] The present invention may use a single active
electrode terminal or an electrode array distributed over a
contact surface of an instrument. In the latter embodiment,
the electrode array usually includes a plurality of indepen-
dently current-limited and/or power-controlled electrode ter-
minals to apply electrical energy selectively 1o the target
tissue while limiting the unwanted application of electrical
energy to the surrounding tissue and environment resulting
from power dissipation into surrounding electrically con-
ductive liquids, such as blood, normal saline, electrically
conductive gel, and the like. The electrode terminals may be
independently current-limited by isolating the terminals
from each other and connecting each terminal to a separate
power source that is isolated from the other electrode
terminals. Alternatively, the electrode terminals may be
connected to each other at either the proximal or distal ends
of the probe to form a single wire that couples to a power
source.
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[0084] The electrode terminal(s) are preferably supported
within or by an inorganic insulating support positioned near
the distal end of the instrument shaft. The return electrode
may be located on the instrument shaft, on another instru-
ment, or on the external surface of the patient (i.e., a
dispersive pad). The close proximity of nerves and other
sensitive tissue in the face, however, makes a bipolar design
more preferable because this minimizes the current flow
through healthy tissue and surrounding nerves. Accordingly,
the return electrode is preferably either integrated with the
instrument body, or another instrument located in close
proximity to the distal end of the instrument. The proximal
end of the instrument will include the appropriate electrical
connections for coupling the return electrode(s) and the
electrode terminal(s) to a high frequency power supply, such
as an electrosurgical generator.

[0085] The current flow path between the electrode ter-
minals and the return electrode(s) may be generated by
submerging the tissue site in an electrical conducting fluid
(e.g., within a viscous fluid, such as an electrically conduc-
tive gel) or by directing an electrically conductive fuid
along a fluid path to the target site (i.e., a liquid, such as
isotonic saline, or a gas, such as argon). The conductive gel
may also be delivered to the target site to achieve a slower
more controlled delivery rate of conductive fluid. In addi-
tion, the viscous nature of the gel may allow the surgeon to
more easily contain the gel around the target site (e.g., rather
than attempting to contain isotonic saline). A more complete
description of an exemplary method of directing electrically
conductive fluid between the active and return electrodes is
described in U.S. Pat. No. 5,697,281, previously incorpo-
rated herein by reference. Alternatively, the body’s natural
conductive fluids, such as blood, may be sufficient to estab-
lish a conductive path between the return electrode(s) and
the electrode terminal(s), and to provide the conditions for
establishing a vapor layer, as described above. However,
conductive fluid that is introduced to the patient is generally
preferred over blood because blood will tend to coagulate at
certain temperatures. Advantageously, a liquid electrically
conductive fluid (e.g., isotonic saline) may be used to
concurrently “bathe” the target tissue surface to provide an
additional means for removing any tissue, and to cool the
region of the target tissue ablated in the previous moment.

[0086] The power supply may include a fluid interlock for
interrupting power to the electrode terminal(s) when there is
insufficient conductive fluid around the electrode termi-
nal(s). This ensures that the instrument will not be activated
when conductive fluid is not present, minimizing the tissue
damage that may otherwise occur. A more complete descrip-
tion of such a fluid interlock can be found in commonly
assigned, co-pending U.S. application Ser. No. 09/058,336,
filed Apr. 10, 1998 (attorney Docket No. CB-4), the com-
plete disclosure of which is incorporated herein by refer-
cnece.

[0087] In lipectomy procedures, it may also be necessary
to retrieve or aspirate the electrically conductive fluid, the
non-condensable gaseous products of ablation and/or fatty
tissue fragments that have not been completed ablated in
situ. For example, in liposuction procedures, it may be
desired to remove the underlying fatty tissue that is not
ablated in situ by the electrical energy. This may be accom-
plished by first breaking down this tissue with the Cobla-
tion® mechanism of the present invention, and then aspi-

0052

Jun. 26, 2003

rated the remaining ftissue fragments from the patient.
Accordingly, the system of the present invention may
include one or more suction or aspiration lumen(s) in the
instrument, or on another instrument, coupled to a suitable
vacuum source for aspirating fluids from the target site. In
addition, the invention may include one or more aspiration
electrode(s) coupled to the distal end of the suction lumen
for ablating, or at least reducing the volume of, non-ablated
tissue fragments that are aspirated into the lumen. The
aspiration electrode(s) function mainly to inhibit clogging of
the suction lumen that may otherwise occur as larger tissue
fragments are drawn therein. The aspiration electrode(s)
may be different from the ablation electrode terminal(s), or
the same electrode(s) may serve both functions. A more
complete deseription of instruments incorporating aspiration
electrode(s) can be found in commonly assigned, U.S. Pat.
No. 6,190,381, the complete disclosure of which is incor-
porated herein by reference.

[0088] In one configuration, cach individual electrode
terminal in the electrode array is electrically insulated from
all other electrode terminals in the array of an electrosurgical
instrument, and each terminal is connected 1o a power source
which is isolated from each of the other electrode terminals
in the array, or to circuitry which limits or interrupts current
flow to the electrode terminal when low resistivity material
(e.g., blood, electrically conductive saline irrigant or elec-
trically conductive gel) causes a lower impedance path
between the return elecirode and the individual electrode
terminal. The isolated power sources for each individual
electrode terminal may be separate power supply circuits
having internal impedance characteristics which limit power
to the associated electrode terminal when a low impedance
return path is encountered. By way of example, the isolated
power source may be a user selectable constant current
source. In this embodiment, lower impedance paths will
automatically result in lower resistive healing levels since
the heating is proportional to the square of the operating
current times the impedance. Alternatively, a single power
source may be connected to each of the electrode terminals
through independently actuatable switches, or by indepen-
dent current limiting elements, such as inductors, capacitors,
resistors and/or combinations thereof. The current limiting
elements may be provided in the probe, connectors, cable,
controller or along the conductive path from the controller to
the distal tip of the probe. Alternatively, the resistance and/or
capacitance may occur on the surface of the active electrode
terminal(s) due to oxide layers which form selected elec-
trode terminals (e.g., titanium or a resistive coating on the
surface of metal, such as platinum).

[0089] The tip region of the probe may comprise many
independent electrode terminals designed to deliver electri-
cal energy in the vicinity of the tip. The selective application
of electrical energy to the conductive fluid is achieved by
connecting each individual electrode terminal and the return
clectrode to a power source having independently controlled
or current limited channels. The return electrode may be a
tubular member of conductive material, proximal to the
clectrode array at the tip, which also serves as a conduit for
the supply of the electrically conductive fluid between the
active and return electrodes. The application of high fre-
quency voltage between the return electrode and the elec-
trode array results in the generation of high electric field
intensities at the distal tips of the electrode terminals with
conduction of high frequency current from each individual
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electrode terminal to the return electrode. The current flow
from each individual electrode terminal to the return elec-
trode is controlled by either active or passive means, or a
combination thereof, to deliver clectrical energy to the
surrounding conductive fluid while minimizing energy
delivery to surrounding (non-target) tissue.

[0090] The application of a high frequency voltage
between the return electrode and the electrode array for
appropriate time intervals effects heating of the conductive
fluid and contraction of the target tissue. The tissue volume
over which energy is dissipated (i.c., a high current density
exists) may be precisely controlled, for example, by the use
of a multiplicity of small electrode terminals whose effective
diameters or principal dimensions range from about 10 mm
to 0.01 mm, preferably from about 5 mm to 0.05 mm, and
more preferably from about 3 mm to 0.1 mm. Electrode
arcas for both circular and non-circular terminals will have
a contact arca (per electrode terminal) below 25 mm?,
preferably being in the range from 0.0001 mm® to 1 mm?,
and more preferably from 0.005 mm® to 0.5 mm®. The
circumscribed area of the electrode array is in the range from
0.25 mm? to 75 mm~, preferably from 0.5 mm® to 40 mm?,
and will usually include at least two isolated electrode
terminals and preferably about three electrode terminals. Of
course, the array may include more than three electrode
terminals (e.g., 50 or more electrode terminals) disposed
over the distal contact surfaces on the shaft. The use of small
diameter electrode terminals increases the eleciric field
intensity and reduces the extent or depth of tissue heating as
a consequence of the divergence of current flux lines which
emanate from the exposed surface of each electrode termi-
nal.

[0091] The electrode terminal(s) are formed over a tissue
treatment surface on the shaft of the electrosurgical probe.
The return electrode surface may be recessed relative to the
distal end of the probe and may be recessed within a fluid
conduit provided for the introduction of electrically conduc-
tive fluid to the site of the target tissue and electrode
terminal(s).

[0092] The arca of the tissue treatment surface can vary
widely, and the tissue treatment surface can assume a varietly
of geometries, with particular areas and geometries being
selected for specific applications. Active electrode surfaces
can have areas in the range from 0.25 mm® to 75 mm?,
usually being from about 0.5 mm? to 40 mm®. The geom-
etries can be planar, concave, convex, hemispherical, coni-
cal, linear “in-line” array, or virtually any other regular or
irregular shape. Most commonly, the active electrode(s) or
electrode terminal(s) will be formed at the distal tip of the
electrosurgical probe shaft, frequently being planar, disk-
shaped, or hemispherical surfaces for use in reshaping
procedures or being linear arrays for use in cutting. Alter-
natively or additionally, the active clectrode(s) may be
formed on lateral surfaces of the electrosurgical probe shaft
(e.g., in the manner of a spatula), facilitating access to
certain body structures in endoscopic or percutaneous pro-
cedures.

[0093] In one embodiment, the electrode array comprises
a plurality of substantially elongate electrode terminals
spaced on the contact surface of the shaft. Preferably, the
contact surface is an electrically insulating electrode support
member extending from the shaft of the probe. The elongate
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clectrode terminals will typically have a length of about 0.5
to 30 mm, preferably about 1 to 15 mm, and more preferably
about 3 to 7 mm. The width of the elongate electrode
terminals is usually about 0.01 to 2 mm, preferably about
0.05 to 1 mm, and more preferably about 0.1 to 0.5 mm. The
elongate electrode terminals will be spaced from each other
by a distance of about 0.05 to 4 mm, preferably about 0.1
mm to 2 mm. Although the array may comprise one elec-
trode terminal or over 50 electrode terminals, applicant has
found that two to ten electrode terminals provides a sub-
stantially uniform application of energy to the tissue at the
treatment site.

[0094] In the exemplary embodiment, the electrode sup-
port comprises a plurality of wafer layers bonded together,
¢.g., by a glass adhesive or the like. The wafer layers each
have conductive strips printed thereon to form the electrode
terminal(s) and the return electrode(s). In one embodiment,
the proximal end of the wafer layers will have a number of
holes extending from the conductor strips to an exposed
surface of the wafer layers for connection to electrical
conductor lead traces in the electrosurgical probe or hand-
picce. The wafer layers preferably comprise a ceramic
material, such as alumina, and the electrode will preferably
comprise a metallic material, such as gold, platinum, palla-
dium, tungsten, silver, or their alloys, and the like. Suitable
multilayer ceramic electrodes are commercially available
from e.g., VisPro Corporation of Beaverton, Oreg.

[0095] The electrically conductive fluid should have a
threshold conductivity to provide a suitable conductive path
between the return electrode and the electrode terminal(s).
The electrical conductivity of the fluid (in units of milliSi-
emens per centimeter or mS/cm) will usually be greater than
0.2 mS/em, preferably will be greater than 2 mS/em, and
more preferably greater than 10 mS/em. In an exemplary
embodiment, the electrically conductive fluid is isotonic
saline, which has a conductivity of about 17 mS/cm. Alter-
natively, the fluid may be an electrically conductive gel or
spray, such as a saline electrolyte gel, a conductive ECG
spray, an electrode conductivity gel, an ultrasound transmis-
sion or scanning gel, or the like. Suitable gels or sprays are
commercially available from Graham-Field, Inc. of Haup-
pauge, N.Y. In addition, other electrically conductive fluids
may be used, as described in U.S. Provisional Patent Appli-
cation No. 60/098,122, filed Aug. 27, 1998 (attorney docket
no. CB-7P), the complete disclosure of which is incorpo-
rated herein by reference.

[0096] In some embodiments, the electrode support and
the fluid outlet may be recessed from an outer surface of the
probe or handpiece to confine the electrically conductive
fluid to the region immediately surrounding the electrode
support. In addition, the shalt may be shaped so as to form
a cavity around the electrode support and the fluid outlet.
This helps to assure that the electrically conductive fluid will
remain in contact with the electrode terminal(s) and the
return electrode(s) to maintain the conductive path therebe-
tween. In addition, this will help to maintain a vapor or
plasma layer between the electrode terminal(s) and the tissue
at the treatment site throughout the procedure, which
reduces the thermal damage that might otherwise occur if
the vapor layer were extinguished due to a lack of conduc-
tive fluid. The electrically conductive fluid also helps main-
tain the tissue temperature as low as possible during the
procedure.
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[0097] The voltage applied between the return electrode
and the electrode array will be at high or radio frequency
(RE), typically between about 5 kHz and 20 MHz, usually
being between about 30 kHz and 2.5 MHz, preferably being
between about 50 kHz and 500 kIz, more preferably less
than 350 kHz, and often between about 100 kHz and 200
kHz. The RMS (rool mean square) voltage applied will
usually be in the range from about 5 volts RMS to 1000 volts
RMS, typically being in the range of from about 10 volts
RMS to 500 volts RMS, depending on the electrode terminal
size, the operating frequency and the operation mode of the
particular procedure or desired effect on the tissue (i.e.,
contraction, coagulation or ablation). Typically, the peak-to-
peak voltage will be in the range of 10 to 2000 volts, usually
in the range of 20 to 1200 volts, and often in the range of
from about 40 to 800 volts (again, depending on the elec-
trode size, the operating frequency and the operation mode).

[0098] An important aspect of the present invention is the
discovery that the frequency of the output voltage of the
generator can be selected to control the depth of tissue
heating. Referring to FIG. 21, the electrical impedance of
tissue is known to decrease with increasing frequency due to
the electrical properties of cell membranes which surround
clectrically conductive cellular fluid. As shown, the electri-
cal impedance of tissue to current at a frequency of 100 kHz
is on the order of four times larger than at a frequency of 450
to 500 kHz. As a result of the higher tissue impedance at
lower frequency, the current flux lines tend to penetrate less
deeply resulting in a smaller depth of tissue heating. This
principle of operation of the present invention can be used
to advantage in applications where the depth of tissue
heating is to be maintained small (e.g., in the range of from
about 0.2 to 0.5 mm). Preferably, the operating frequency
should be below 350 kHz for applications requiring shallow
depths of tissue heating (e.g., less than 1.5 mm). Conversely,
in situations where much larger depths of tissue heating are
to be eflected, a higher output voltage frequency may be
used. By way of example, to achieve therapeutic collagen
shrinkage to a depth of 1.5 to 3.0 mm, a higher operating
frequency may be used (e.g., 500 kHz). Alternatively, the
diameter of the electrode terminals and/or the spacing
between the outer perimeter of the electrode terminals and
the electrode support member may be selected to increase
the depth of current penetration. By way of example,
increasing the distance between the outer perimeter of the
support member and the electrode terminals will increase the
depth of heating for a given operating frequency.

[0099] As discussed above, the voltage is usually deliv-
ered in a series of voltage pulses or alternating current of
time varying voltage amplitude with a sufficiently high
frequency (e.g., on the order of 5 kHz to 20 MHz) such that
the voltage is effectively applied continuously (as compared
with e.g., lasers claiming small depths of necrosis, which are
generally pulsed at about 10 Hz to 20 Hz). In addition, the
duty cycle (i.c., cumulative time in any one-second interval
that energy is applied) is on the order of about 50% for the
present invention, as compared with pulsed lasers which
typically have a duty cycle of about 0.0001%.

[0100] The preferred power source of the present inven-
tion delivers a high frequency current selectable to generate
average power levels ranging from several milliwatts to tens
of waltts per electrode, depending on the volume of target
tissue being treated, the total number of electrode(s), and/or
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the maximum allowed temperature selected for the probe
tip. The power source allows the user to select the voltage
level according to the specific requirements of a particular
arthroscopic surgery, cosmetic surgery, dermatological pro-
cedure, ophthalmic procedures, open surgery or other endo-
scopic surgery procedure. A description of a suitable power
source can be found in U.S. Provisional Patent Application
No. 60/062,997, filed on Oct. 23, 1997 (Attorney Docket
No. 16238-007400), the complete disclosure of which has
been previously incorporated herein by reference.

[0101] The power source may be current limited or oth-
erwise controlled so that undesired heating of the target
tissue or surrounding (non-target) tissue does not occur. In a
presently preferred embodiment of the present invention,
current limiting inductors are placed in series with each
independent electrode terminal, where the inductance of the
inductor is in the range of 10 uH to 50,000 uH, depending
on the electrical properties of the target tissue, the size of the
clectrode terminal(s), the desired tissue heating rate and the
operating frequency. Alternatively, capacitor-inductor (LC)
circuil structures may be employed, as described previously
in PCT application No. PCT/US94/05168, the complete
disclosure of which is incorporated herein by reference.
Additionally, current limiting resistors may be selected.
Preferably, these resistors will have a large positive tem-
perature coeflicient of resistance so that, as the current level
begins to rise for any individual electrode terminal in contact
with a low resistance medium (e.g., saline irrigant or con-
ductive gel), the resistance of the current limiting resistor
increases significantly, thereby minimizing the power deliv-
ery from said electrode terminal into the low resistance
medium (e.g., saline irrigant or conductive gel).

[0102] It should be clearly understood that the invention is
not limited to electrically isolated electrode terminals, or
even to a plurality of electrode terminals. For example, the
array of active electrode terminals may be connected to a
single lead that extends through the probe shalt 1o a power
source of high frequency current.

[0103] Alternatively, the probe may incorporate a single
clectrode that extends directly through the probe shaft or is
connected to a single lead that extends to the power source.
Referring to FIG. 1, an electrosurgical system 11 generally
comprises an electrosurgical handpiece or probe 10 con-
necled to a power supply 28 for providing high frequency
voltage to a target site, and a fluid source 21 for supplying
clectrically conductive fluid 50 to probe 10. Probe 10
generally includes a proximal handle 12 and a distal tip 13
having an electrode support member 70 with one or an array
of electrode terminals 58 and one or more return electrodes
100, 102 (see FIGS. 2, 4 and 5) disposed on the support
member 70. A connecting cable 34 has a connector 26 for
electrically coupling the electrodes in probe 10 to power
supply 28. The clectrode terminals 58 are electrically iso-
lated from each other, and each of the terminals 58 is
connected o an active or passive control network within
power supply 28 by means of a plurality of individually
insulated conductors (not shown). A fluid supply tube 15 is
connected to a fluid tube 110 of probe 10 for supplying
electrically conductive fluid 50 to a distal tip 13 (see FIGS.
16A, 16B, and 17).

[0104] Power supply 28 has an operator controllable volt-
age level adjustment 30 to change the applied voltage level,
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which is observable at a voltage level display 32. Power
supply 28 also includes first, second and third foot pedals 37,
38,39 and a cable 36 which is removably coupled to power
supply 28. The foot pedals 37, 38, 39 allow the surgeon to
remotely adjust the energy level applied to electrode termi-
nals 58. In an exemplary embodiment, first foot pedal 37 is
used to place the power supply into the “ablation” mode and
second foot pedal 38 places power supply 28 into the
“sub-ablation” or coagulation mode. The third foot pedal 39
allows the user to adjust the voltage level within the ablation
mode. In the ablation mode, a sufficient voltage is applied to
the electrode terminals to establish the requisite conditions
for molecular dissociation of the tissue (e.g., by vaporizing
a portion of the electrically conductive fluid, ionizing the
vapor layer, and accelerating charged particles against the
tissue). As discussed above, the requisite voltage level for
ablation will vary depending on the number, size, shape and
spacing of the electrodes, the distance to which the elec-
trodes extend from the support member, etc. When the
surgeon is using the power supply in the “ablation” mode,
voltage level adjustment 30 or third foot pedal 39 may be
used to adjust the voltage level to adjust the degree or
aggressiveness of the ablation.

[0105] Of course, it will be recognized that the voltage and
modality of the power supply may be controlled by other
input devices. However, applicant has found that foot pedals
are convenient methods of controlling the power supply
while manipulating the probe during a surgical procedure.

[0106] In the coagulation or sub-ablation mode, the power
supply 28 applies a low enough voltage to one or more
electrode terminals (or one or more coagulation electrodes)
to avoid vaporization of the electrically conductive fluid,
formation of a plasma and subsequent molecular dissocia-
tion of the tissue. The surgeon may automatically toggle the
power supply between the ablation and sub-ablation modes
by alternatively stepping on foot pedals 37, 38, respectively.
This allows the surgeon to quickly move between coagula-
tion and ablation in situ, without having to remove his/her
concentration from the surgical field or without having to
request an assistant to switch the power supply. By way of
example, as the surgeon is sculpting soft tissue in the
ablation mode, the probe typically will simultaneously seal
and/or coagulate small severed vessels within the tissue.
However, larger vessels, or vessels with high fluid pressures
(e.g., arterial vessels) may not be sealed in the ablation
mode. Accordingly, the surgeon can simply step on foot
pedal 38, automatically lowering the voltage level below the
threshold level for ablation, and apply sufficient pressure
onto the severed vessel for a sufficient period of time to seal
and/or coagulate the vessel. After this is completed, the
surgeon may quickly move back into the ablation mode by
stepping on foot pedal 37. A specific design of a suitable
power supply for use with the present invention can be found
in U.S. Provisional Patent Application 60/062,997, filed Oct.
23, 1997 (attorney docket no. 16238-007400).

[0107] Referring now to FIGS. 2-5, an exemplary electro-
surgical probe 10 comprises a shaft or disposable tip 13
removably coupled to a proximal handle 12, and an electri-
cally insulating clectrode support member 70 extending
from tip 13 for supporting a plurality of electrode terminals
58 (sce FIGS. 2 and 5). Tip 13 and handle 12 typically
comprise a plastic material that is easily molded into a
suitable shape for handling by the surgeon. As shown in
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FIGS. 3 and 5, handle 12 defines an inner cavity 72 that
houses the electrical connections 74 (discussed below in
reference to FIG. 5), and provides a suitable interface for
connection to electrical connecting cable 34 (see FIG. 1). In
the exemplary embodiment, handle 12 is constructed of a
steam autoclavable plastic or metal (e.g., polyethylether
ketone, or a stable metal alloy containing aluminum and/or
zinc. so that it can be re-used by sterilizing handle 12
between surgical procedures. High service temperature
materials are preferred, such as a silicone cable jacket and a
polyetherimide or ULTEM® handpiece that can withstand a
repeated exposure to high temperatures.

[0108] Referring to FIGS. 3A-3C, tip 13 preferably com-
prises first and second housing halves 200, 202 that snap fit
together, and form a recess 204 therebetween for holding
electrode support member 70 within the tip 13. Electrode
support member 70 extends from the distal end of tip 13
(usually by about 0.5 to 20 mm), and provides support for a
plurality of electrically isolated electrode terminals 58 and
one or more return electrodes 100, 102 (see FIG. 4).
Alternatively, electrode support member 70 may be recessed
from the distal end of tip 13 to help confine the electrically
conductive fluid around the electrode terminals 58 during
the surgical procedure, as discussed above. Electrode sup-
port member 70 has a substantially planar tissue treatment
surface 80 that is usually disposed at an angle of about 10°
to 90° relative to the longitudinal axis of handle 12 1o
facilitate handling by the surgeon. In the exemplary embodi-
ment, this function is accomplished by orienting tip 13 at an
acute angle relative to the longitudinal axis of handle 12.

[0109] In the embodiment shown in FIGS. 2-5, probe 10
includes first and second return electrodes 100, 102 for
completing the current path between electrode terminals 58
and power supply 28 (see FIG. 1). As shown, return
electrodes 100, 102 preferably have fluid contact surfaces on
either lateral surface 104, 106 of electrode support member
70 slightly proximal to tissue treatment surface 80, typically
about 0.1 to 2 mm, preferably about 0.2 to 1 mm. Return
clectrodes 100, 102 will usually have an exposed surface
area of about S mm~ to 25 mm?, preferably about 18 mm® to
about 20 mm?, Return electrodes 100, 102 are coupled 1o a
connector 104 (details of this connection are discussed
below) that extends to the proximal end of handle 13, where
it is suitably connected to power supply 28 (FIG. 1).

[0110] Referring to FIGS. 3A-3C and FIG. 5, tip 13
further includes a proximal hub 206 for supporting a male
electrical connector 208 that holds a plurality of wires 210
cach coupled to one of the electrode terminals 58 and the
return electrodes 100, 102 on support member 70 (see FIGS.
7-13 for details of the representative support member 70). A
female connector 220 housed within handle 12 is removably
coupled to male connector 208, and a plurality of wires 222
extend from female connector 220 through a strain relief 120
to cable 34. Both sets of wires 210, 222 are insulated to
prevent shorting in the event of fluid ingress into the probe
10. This design allows for removable connection of the
clectrodes in tip 13 with the connector 220 within handle 12
so that the handle can be re-used with different tips 13. Probe
10 will preferably also include an identification element,
such as a coded resistor (not shown), for programming a
particular voltage output range and mode of operation for
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the power supply. This allows the power supply to be
employed with a variety of different probes for a variety of
different applications.

[0111] As shown in FIG. 5, return electrodes 100, 102 are
not directly connected to electrode terminals 58. To com-
plete this current path so that electrode terminals 58 are
electrically connected to return electrodes 102, 100, electri-
cally conductive fluid (e.g., isotonic saline or electrically
conducting gel) is located between the active and return
electrodes during a surgical procedure. In the representative
embodiment, probe 10 includes a fluid tube 110 (FIG. 2) for
delivering electrically conductive fluid to the target site.
Fluid tube 110 is sized to extend through a groove 114 in
handle 12 and through an inner cavity 112 (FIG. 3 and
FIGS. 3A-3C) in tip 13 to a distal opening 115 (FIG. 4)
located adjacent electrode support member 70. Tube 110
extends all the way through inner cavity 112 to opening 115
to eliminate any possible fluid ingress into cavity 112. As
shown in FIGS. 1 and 2, fluid tube 110 includes a proximal
connector 111 for coupling tube 110 to an electrically
conductive fluid source 21.

[0112] Probe 10 will also include a valve or equivalent
structure for controlling the flow rate of the electrically
conductive fluid to the target site. In the representative
embodiment shown in FIGS. 3A-3C, handle 12 comprises a
main body 130 coupled between distal hub 118 and strain
relief 120, and a rotatable sleeve 116 around main body 130.
Distal hub 118 has an opening 119 for receiving proximal
hub 206 of tip 13 for removably coupling the tip 13 to the
handle 12. Sleeve 116 is rotatably coupled to strain relief
120 and distal hub 118 to provide a valve structure for fluid
tube 110. As shown in FIG. 2, fluid tube 110 extends through
groove 114 from strain relief 120, through main body 130
and distal hub 118 to tip 13. Rotation of sleeve 116 will
impede, and eventually obstruct, the flow of fluid through
tube 110. Of course, this fluid control may be provided by a
variety of other input and valve devices, such as swilches,
buttons, elc.

[0113] In alternative embodiments, the fluid path may be
directly formed in probe 10 by, for example, a central inner
lumen or an annular gap (not shown) within the handle and
the tip. This inner lumen may be formed near the perimeter
of the probe 10 such that the electrically conductive fluid
tends to flow radially inward towards the target site, or the
inner lumen may be formed towards the center of probe 10
so that the fluid flows radially outward. In addition, the
clectrically conductive Auid may be delivered from a fluid
delivery element (not shown) that is separate from probe 10.
In arthroscopic surgery, for example, a joint cavity will be
flooded with isotonic saline and the probe 10 will be
introduced into this flooded cavity. Electrically conductive
fluid will be continually resupplied to maintain the conduc-
tion path between return electrodes 100, 102 and electrode
terminals 58. A more complete description of alternative
clectrosurgical probes incorporating one or more fluid
lumen(s) can be found in U.S. Pat. No. 5,697,281, the
complete disclosure of which has previously been incorpo-
rated herein by reference.

[0114] Referring to FIGS. 4 and 5, clectrically isolated
clectrode terminals 58 are spaced apart over tissue treatment
surface 80 of electrode support member 70. In the repre-
sentative embodiment, the tissue treatment surface 80 has a
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rectangular cross-sectional shape with a length L in the
range of about 0.5 mm to 20 mm (typically about 2 to 10
mm), and a width W in the range from 0.3 mm to 10 mm
(typically about 0.5 to 4 mm). The individual electrode
terminals 58 have the dimensions described above, and in
one embodiment terminals 58 are substantially flush with
tissue treatment surface 80. Applicant has found that this
configuration minimizes any sharp clectrode edges and/or
corners that would promote excessively high electric field
intensities and associated current densities when a high
frequency voltage is applied to the electrode terminals,
thereby preventing excessively high rates of ablation, as is
preferred for removing thin layers of tissue (e.g., epidermal
layers), or completely avoiding ablation in procedures call-
ing for modification (e.g., shrinkage) ol target tissue.

[0115] It should be noted that the electrode terminals 58
may protrude slightly outward from surface 80, typically by
a distance from 0 mm to 2 mm, or the electrode terminals
may be recessed from this surface. For example, the elec-
trode terminals 58 may be recessed by a distance from 0.01
mm to 1 mm, preferably 0.01 mm to 0.2 mm. In one
embodiment of the invention, the electrode terminals are
axially adjustable relative to the tissue treatment surface so
that the surgeon can adjust the distance between the treat-
ment surface and the electrode terminals.

[0116] Referring now to FIGS. 7-13, an exemplary elec-
trode support member 70 will be described in detail. As
shown, clectrode support member 70 preferably comprises a
multilayer substrate comprising a suitable high temperature,
electrically insulating material, such as ceramic. The mul-
tilayer substrate is a thin or thick-film hybrid having con-
ductive strips that are adhered to the ceramic wafer layers
(e.g., thick-film printed and fired onto or plated onto the
ceramic wafers). The conductive strips typically comprise
tungsten, gold, nickel, silver, platinum or equivalent mate-
rials. In the exemplary embodiment, the conductive strips
comprise gold, and they are co-fired together with the wafer
layers to form an integral package. The conductive strips are
coupled to external wire connectors by holes or vias that are
drilled through the ceramic layers, and plated or otherwise
covered with conductive material.

[0117] Inthe representative embodiment, support member
70 comprises five ceramic layers 201, 203, 205, 207, 209
(see FIGS. 9A-13), three gold plated electrode lerminals
211, 212, 214 and first and second gold plated return
clectrodes 216, 218. As shown in FIGS. 8, 9A and 9B, a first
ceramic layer 201, which is one of the outer layers of support
70, includes first gold plated return electrode 216 on a lateral
surface 220 thereof. First ceramic layer 200 further includes
a gold conductive strip 223 extending from return electrode
216 to the proximal end of the layer 201 for coupling to a
lead wire (not shown), and three gold conductive lines 224,
226, 228 cxtending from a mid-portion of the layer 201 to
its proximal end. Conductive strips 224, 226, 228 are cach
coupled to one of the electrode terminals 210, 212, 214 by
conductive holes or vias 230, 232, 234, respectively. As
shown, all three vias 230, 232, 234 extend through wafer
layer 201.

[0118] Referring to FIGS. 10A and 10B, a second wafer
layer 203 is bonded between the outer wafer layer 201 and
a middle wafer layer 205 (FIGS. 11A and 11B). As shown,
first electrode terminal 211 is attached to the distal surface
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of second wafer layer 203, and a conductive strip 240
extends to via 230 to couple electrode terminal 211 to a lead
wire. Similarly, wafer layers 205 and 207 (FIGS. 11A and
12B) cach have an electrode terminal 212, 214, respectively,
plated to their distal surfaces, and a conductive strip 242,
244, respectively, extending to one of the vias 232, 234,
respectively. Note that the vias only extend as far as neces-
sary through the ceramic layers. As shown in FIG. 13,
another outer wafer layer 209 has a second return electrode
218 plated to the lateral surface 250 of layer 209, The second
return electrode 218 is coupled directly to the first return
electrode 216 through a via 252 extending through the entire
ceramic substrate.

[0119] Of course, it will be recognized that a variety of
different types of multilayer wafers may be constructed
according to the present invention, For example, FIGS. 14
and 15 illustrate an alternative embodiment of the multi-
layer ceramic wafer, wherein the electrode terminals com-
prise planar strips 280 that are plated or otherwise bonded
between the ceramic walfer layers 282. Each of the planar
strips 280 has a different length, as shown in FIG. 15, so that
the electrode terminals can be electrically isolated from each
other, and coupled to lead wires by vias (not shown).

[0120] Referring now to FIGS. 16A and 16B, a method of
treating tissue on the outer skin ol a patient according to the
present invention will now be described. As shown, distal tip
13 of probe 10 is positioned such that electrode support 70
is adjacent to the target tissue 302 at the treatment site 300.
Electrically conductive fluid 304 is delivered through fluid
tube 110 (FIG. 2) through distal opening 115 1o the treat-
ment site 300. The rate of fluid flow is controlled with
rotatable sleeve 116 (FIG. 3A) such that the zone between
the tissue 302 and electrode support 70 is constantly
immersed in the lluid. The power supply 28 is then turned on
and adjusted such that a high frequency voltage is applied
between electrode terminal(s) 58 and return electrodes 100,
102. The electrically conductive fluid 304 provides the
conduction path (sce current flux lines 310) between elec-
trode terminal(s) 58 and the return electrodes 100, 102 on
either side of electrode support 70.

[0121] In an exemplary embodiment, the high frequency
voltage is sufficient to convert the electrically conductive
fluid 304 between the target tissue 302 and electrode termi-
nals 58 into an ionized vapor layer 312 or plasma. As a result
of the applied voltage between electrode terminals 58 and
the target tissue 302 (i.e., the voltage gradient across the
plasma layer 312), charged particles 315 in the plasma (viz.,
electrons) are accelerated towards the tissue. At sufficiently
high voltages, these charged particles 315 gain sufficient
energy lo cause dissociation of the molecular bonds of tissue
components. This molecular dissociation is accompanied by
the volumetric removal (i.e., ablative sublimation) of tissue
and the production of low molecular weight gases 314, such
as oxygen, nitrogen, carbon dioxide, hydrogen and methane.
The ablation of target tissue by this process can be precisely
controlled, thereby avoiding or minimizing damage to non-
largel tissue.

[0122] In some embodiments, the applied voltage will be
sufficient to apply thermal energy to the underlying tissue
320, but insufficient to ablate or vaporize the tissue. This
thermal energy will be sufficient to elevate the tissue tem-
perature from normal body temperatures (e.g., 37° C.) to
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temperatures in the range of from about 45° C. to 90° C.,
preferably in the range of from about 55° C. to 70° C. and,
for the case of skin, and more preferably in the range of
about 55° C. to 62° C. This temperature elevation causes
contraction of the collagen fibers within the underlying
tissue 320. This method tightens the underlying dermis to
remove wrinkles and rejuvenate the skin. In some embodi-
ments, such tightening of the dermis may be performed in
conjunction with removal of the surface layer(s) (epidermis)
of the skin.

[0123] An alternative method for skin rejuvenation or
wrinkle removal is shown in FIG. 17. In this method, when
a voltage is applied between the electrode terminals 58 and
the return electrodes 100, 102, electric current fows
between the electrode terminals 58 and the return electrode
100, 102 along current flux lines 350. The current flux lines
350 flow a short distance, L, into the surface of epidermal
tissue 352 and through the electrically conductive fluid 354
in the region above the surface of the tissue to complete the
current flow path between the electrode terminals 58 and the
return electrodes 100, 102. As a consequence of the electri-
cal impedance of the tissue and the proper selection of the
applied frequency, voltage, and current, heating of the
¢pidermal tissue 352 occurs in a region 360 below the
surface of the tissue 352. This heating elevates the tempera-
ture of the tissue and separates the epidermal tissue layer 352
from the underlying dermis 362. The epidermal tissue layer
352 may then be removed by flushing the treatment site, or
by brushing away this tissue layer 352 with, for example, a
cloth pad, gauze, ete. In skin rejuvenation procedures,
collagen may be injected into the dermis after the epidermis
has been removed to rejuvenate skin that has lost its clas-
ticity.

[0124] In addition, the heating from current flux lines 350
may be sufficient to elevate the temperature of the tissue 364
in the dermis 362 from normal body temperature (e.g. 37°
C.) to a temperature in the range of from about 55° C. to 85°
C., preferably in the range of from about 60° C. to 70° C.
This heating of the dermis 362 will cause irreversible
contraction of the collagen within the dermis.

[0125] FIGS. 18A and 18B illustrate a method for treating
a vascular lesion, such as a port wine stain, face vein, birth
mark or the like. As shown in FIG. 18A, an electrosurgical
probe 370 is placed on or adjacent to the surface of the skin
372 above the blood vessel 374 1o be treated. A voltage is
applied between the active and return electrodes (not shown)
in the presence of electrically conductive fluid 376 to ablate
or cause molecular dissociation of the tissue adjacent the
probe 370. As the tissue is removed, the probe will be axially
translated through the deepening hole to the vessel 374 (note
that a substantially linear probe shaft is preferred in this
embodiment). A more complete description of systems and
methods for forming channels or holes through tissue is
described in commonly assigned, U.S. Pat. No. 5,683,360,
the complete disclosure of which is incorporated herein by
reference. Once the probe approaches the vessel, thermal
energy will be delivered into the vessel via resistive heating
as current passes through the tissue. This thermal energy will
eventually be sufficient to coagulate the blood vessel 374
and collapse the vessel at that site.

[0126] In order to collapse or coagulate a long length of
the vessel 374, multiple treatment sites may be necessary. As
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shown in FIG. 18B, it is desirable to locate the first
treatment site 380 at a downstream point with respect to the
flow of blood in the vessel. The surgeon may then sequen-
tially treat the vessel at multiple sites (382, 384, 386)
upstream from the first site 380.

[0127] Referring now to FIG. 19, a method lor transplant-
ing hair according to the present invention is described. A
strip of hair (not shown) from a donor region is first excised
from the patient. The hair may be excised by removing the
tissue around the strip in a similar manner as described
above. The hemostatic effects of the electrosurgical system
of the present invention result in minimal bleeding at the
donor site. The strip is then lifted from the scalp and sutures
are used Lo close the opening.

[0128] One of the probes described above are then used to
produce incisions 390 in the recipient area 392. As shown in
FIG. 19, the depth and diameter of the incision 390 can be
accurately controlled. The incisions are preferably formed at
an angle to improve the retention of the graft and to form a
more cosmelically suitable appearance.

[0129] FIG. 20 illustrates an alternative embodiment,
where an electrosurgical probe 430 is utilized to remove the
surface layers of the epidermis 4440). Probe 430 includes a
shaft 432 coupled to a proximal handle 434 for holding and
controlling shaft 432. Similar to previous embodiments,
probe 430 includes an active electrode array 436 at the distal
tip of shaft 432, an annular return electrode 438 extending
through shaft 432 and spaced proximally from the active
electrode array 436, and an annular lumen 442 between
return electrode 438 and an outer insulating sheath 444.
Probe 430 further includes a liquid supply conduit 446
attached to handle 434 and in fluid communication with
lumen 442, and a source of electrically conductive fluid (not
shown) for delivering the fluid past return electrode 438 to
the target site on the epidermis 440. As discussed above,
electrode array 436 is preferably flush with the distal end of
shaft 432 or distally extended from the distal end by a small
distance (on the order of 0.005 inches) so as to minimize the
depth of ablation. Preferably, the distal end of shaft 432 is
beveled to improve access and control of probe 430 while
treating the epidermal tissue.

[0130] Yet another embodiment of the present invention is
shown in FIG. 22. This embodiment is similar to that shown
in FIG. 16 and described above, with the exception that
additional electrode terminals 458, 459 are positioned at the
distal tip 70 of the probe. Electrode terminals 458, 459 may
be the same size as ablation electrode terminals 58, larger as
shown in FIG. 22. One operating arrangement is to connect
clectrode terminals 458, 459 to two poles of a high fre-
quency generator to form a bipolar circuit allowing current
to flow between terminals 458, 459 as shown by current flux
lines 460. The electrode terminals 458, 459 are electrically
isolated from ablation electrodes 58. By proper selection of
the interelectrode spacing, W2, and electrode width, W, and
the frequency, the current flux lines 460 can be caused to
flow below the epidermal layer to effect collagen shrinkage
in region 320 as described hereinabove.

[0131] In this embodiment, the voltage will preferably be
sufficient to establish high electric field intensities between
the active electrode array 436 and the epidermal tissue 440
to thereby induce molecular breakdown or disintegration of
several cell layers of the epidermal tissue. As described
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above, a sufficient voltage will be applied to develop a thin
layer of vapor within the electrically conductive fluid and to
ionize the vaporized layer or region between the active
clectrode(s) and the target tissue. Energy in the form of
photons and/or energetic electrons are discharged from the
vapor layer to ablate the epidermal tissue, thereby minimiz-
ing necrosis of surrounding tissue and underlying cell layers,
such as cell structures in the stratum lucidium and/or stratum
granulosum.

[0132] FIG. 23 illustrates a distal portion of another
clectrosurgical probe 500 according to the present invention,
particularly useful for cutting or crealing incisions in an
external skin surface. Probe 500 comprises a support mem-
ber 502 coupled to a shaft or disposable tip (not shown) as
described in previous embodiments. Support member 502
preferably comprises an inorganic electrically insulating
material, such as ceramic, glass or glass-ceramic. In this
embodiment, however, support member 502 may comprise
an organic material, such as plastic, because the active
electrode 506 and return electrode 508 are both spaced away
from support member 502. Thus, the high intensity electric
fields may be far enough away from support member 502 so
as to allow an organic material.

[0133] An electrode assembly 504 extends from a distal
end of support member 502, preferably by a distance of
about 2 to 20 mm. Electrode assembly 504 comprises a
single, active electrode 506 and a return electrode sleeve 508
spaced proximally from active electrode 506 by an insula-
tion member 510, which preferably comprises an inorganic
material, such as ceramic, glass or glass-ceramic. As shown,
active electrode 506 preferably tapers to a sharp distal end
512 1o facilitate the cutting or incising of tissue. In the
exemplary embodiment, active electrode 506 has a proximal
diameter of about 0.2 to 20 mm and a distal diameter of less
than about 0.2 mm. Return electrode 508 is spaced from
active electrode 506 by a sufficient distance to prevent
shorting or arcing therebetween at suflicient voltages to
allow the volumetric removal of tissue. In the representative
embodiment, the distal exposed portion of return electrode
508 is spaced about 0.5 to about 5 mm from the proximal
exposed portion of active electrode 506. Of course, it will be
recognized that the present invention is not limited to the
particular dimensions and configuration of the electrode
assembly 504 described herein, and a variety ol different
embodiments may be envisioned depending on the surgical
application.

[0134] As shown, probe 500 includes a fluid lumen 520
passing through support member 502 to a distal opening (not
shown) at the distal end of support member 502. Fluid lumen
520 is coupled to a supply of electrically conductive fuid,
such as isotonic saline, or other suitable conductive fluid for
delivery of such fluid to the target site. In the exemplary
embodiment, the probe is designed such that lumen 520 will
be positioned above electrode assembly 504 during use such
that the conductive fluid exiting the distal opening of lumen
520 will paturally pass over return electrode 508 and active
electrode 506 thereby creating a current path therebetween.
In addition, the conductive fluid will be sufficient to cover
the active electrode 506 such that the conditions for plasma
formation can be met, as described in detail above.

[0135] Referring now to FIGS. 24-26, a blepharoplasty
procedure for removing fatty tissue underlying a patient’s
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evelids will now be described according to the present
invention. As shown in FIG. 24, a front view of the orbit of
the eye 530 reveals the important periocular structures
relevant to blepharoplasty surgery. As shown, the two fat
compartments of the upper lid, the central and medial
compartments 532, 534, are divided by the superior oblique
muscle 536. The inferior orbital fat is divided into three
compartments, the medial compartment 538, the lateral fat
compartment 539 and the central fat compartment 540.
Medial fat has more blood vessels and nerves than the other
fat compartments in both the upper and lower eyelid.
Accordingly, this fat is more sensitive to the application of
energy in conventional systems. Depending on the particular
procedure, the present invention is designed to facilitate
access 1o these fat compartments of the upper and lower
eyelids such that a portion of the fat therein can be removed
to treat “baggy eyelids” syndrome.

[0136] Asshown in FIG. 25, the electrosurgical probe 500
is positioned adjacent the target area, in this case the
patient’s upper eyelid 550. The power supply is activated
such that a high frequency voltage is applied between the
active and return electrodes 506, 508 and electrically con-
ductive fluid 552 is delivered to the target area, either by
gravity, pump or other means. The surgeon then positions
the tip of the active electrode 506 adjacent to or in contact
with the external skin 554, and translates the tip across the
upper eyelid 550 to form an incision 556 therein. As
discussed previously, the high frequency voltage is sufficient
to convert the electrically conductive fluid between the
target tissue and active electrode 506 into an ionized vapor
layer or plasma. As a resull of the applied voltage between
active electrode 506 and the target tissue (i.c., the voltage
gradient across the plasma layer), charged particles in the
plasma (viz., electrons) are accelerated towards the tissue. At
sufficiently high voltages, these charged particles gain suf-
ficient energy to cause dissociation of the molecular bonds
within tissue structures. This molecular dissociation is
accompanied by the volumetric removal (i.c., ablative sub-
limation) of tissue and the production of low molecular
weight gases, such as oxygen, nitrogen, carbon dioxide,
hydrogen and methane.

[0137] As shown in FIG. 26, the surgeon will typically
create an upper incision line 560 and a lower incision line
562 to form a crescent shaped flap of skin 564 between the
two incision lines 560, 562. The flap of skin 564 is then
removed, either completely or by folding it over with a pair
of forceps 568, 1o expose the underlying orbital septum 570.
The orbital septum 570 is then pierced with the electrosur-
gical probe of the present invention or with conventional
tools, such as a scalpel, and the underlying fat is excised,
e.g., with forceps or other conventional tools. During exci-
sion of fat, the probe 500 may be used to effect hemostasis
of any severed blood vessels at the surgical site. Once the
desired amount of fat tissue has been removed, the surgeon
reattaches the flap of skin 564 and cleans up the surgical site.

[0138] Other modifications and variations can be made to
disclose embodiments without departing from the subject
invention as defined in the following claims. For example,
FIG. 27 illustrates yet another embodiment designed for
cutting of body structures, particularly creating incisions in
external skin surfaces. In this embodiment, the electrode
terminals 604 are arranged in a linear or columnar array of
one of more closely spaced columns so that as the electrodes
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604 are moved along the longer axis (denoted by arrow 160
in FIG. 27), the current flux lines are narrowly confined at
the tip of the electrode terminals 604 and result in a cutting
cffect in the body structure being treated. As before, the
current flux lines 660 emanating from the electrode termi-
nals 604 pass through the electrically conducting liquid to
the return electrode structure 612 located proximal to the
probe tip.

[0139] Referring now to FIGS. 28 and 29, alternative
geometries are shown for the electrode terminals 604. These
alternative electrode geometries allow the electrical current
densities emanating from the electrode terminals 604 1o be
concentrated to achieve an increased ablation rate and/or a
more concentrated ablation effect due to the fact that sharper
edges (i.e., regions of smaller radii of curvature) result in
higher current densities. FIG. 28 illustrates a flattened
extension of a round wire clectrode terminal 604 which
results in higher current densities at the edges 680. Another
example is shown in FIG. 29 in which the electrode terminal
604 is formed into a cone shaped point 682 resulting in
higher current densities at the tip of the cone.

[0140] FIG. 30 illustrates yel another embodiment of a
probe 710 designed for cutting or incising lissue. As shown,
in the embodiment, the electrically isolated electrode termi-
nals 758 are spaced apart over a lissue treatment surface 780
of the electrode support member 770, preferably in a linear
array. In the representative embodiment, three electrode
terminals 758, each having a substantially conical shape, are
arranged in a linear array extending distally from surface
780. Electrode terminals 758 will usually extend a distance
of about 0.5 to 20 mm from tissue treatment surface 780,
preferably about 1 to 5 mm. Applicant has found that this
configuration increases the electric field intensities and
associated current densities at the distal edges of electrode
terminals 758, which increases the rate of tissue cutting. In
the representative embodiment, the tissue treatment surface
780 has a circular cross-sectional shape with a diameter in
the range of about 0.5 mm to 20 mm (preferably about 2 1o
10 mm). The individual electrode terminals 758 preferably
taper outward as shown, or they may form a distal edge, such
as the electrodes shown in FIG. 28

[0141] FIG. 31 illustrates an electrosurgical probe 890
comprising a shaft 800 and at least two electrode terminals
804 extending from a support matrix 802 at the distal end of
the shaft. The electrode terminals 804 preferably define a
distal edge 806 for cutting an incision in tissue. The edges
806 of the clectrode terminals 804 are substantially parallel
with each other and usually spaced a distance of about 4 to
15 mm, preferably about 8-10 mm. The edges 806 extend
from the distal end of support matrix 802 by a distance of
about 0.5 to 10 mm, preferably about 2 to 5 mm. In the
exemplary embodiment, probe 890 will include a return
clectrode 812 spaced proximally from the electrode termi-
nals 804. Alternatively, the return electrode 812 may be one
of the electrode terminals 804, or it may be a dispersive pad
located on an external surface of the patient’s body.

[0142] Referring now to FIG. 32, an exemplary electro-
surgical system 911 for lipectomy procedures will now be
described. The system 911 generally applies electrical
energy to the fatty tissue to either remove or abate the fatty
tissue in situ, soften or separate the fatty tissue from sur-
rounding tissuc and then aspirate the fatty tissue fragments
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from the patient, or a combination thereof. As shown,
clectrosurgical system 911 generally comprises an electro-
surgical handpicce or probe 910 connected to a power
supply 928 for providing high frequency voltage to a target
site and a fluid source 921 for supplying electrically con-
ductive fluid 950 to probe 910. In addition, electrosurgical
system 911 may include an endoscope (not shown) with a
fiber optic head light for viewing the surgical site. The
endoscope may be integral with probe 910, or it may be part
of a separate instrument. The system 911 may also include
a vacuum source (not shown) for coupling to a suction
lumen or tube 962 (see FIG. 39) in the probe 910 for
aspirating excess or unwanted materials from the target site.

[0143] Asshown, probe 910 generally includes a proximal
handle 919 and an elongate shaft 918 having an array 912 of
electrode terminals 958 at its distal end. A connecting cable
939 has a connector 926 for electrically coupling the elec-
trode terminals 958 to power supply 928. The clectrode
terminals 958 are electrically isolated from each other and
each of the terminals 958 is connected to an aclive or passive
control network within power supply 928 by means of a
plurality of individually insulated conductors (not shown). A
fluid supply tube 915 is connected to a fluid tube 914 of
probe 910 for supplying electrically conductive fluid 950 to
the target site.

[0144] Similar to the above embodiment, power supply
928 has an operator controllable voltage level adjustment
930 to change the applied voltage level, which is observable
at a voltage level display 932. Power supply 928 also
includes first, second and third foot pedals 937, 938, 939 and
a cable 936 which is removably coupled to power supply
928. The foot pedals 37, 38, 39 allow the surgeon to
remotely adjust the energy level applied to electrode termi-
nals 958.

[0145] FIGS. 33-35 illustrate an exemplary electrosurgical
probe 990 constructed according to the principles of the
present invention. As shown in FIG. 33, probe 990 generally
includes an elongated shaft 1000 which may be flexible or
rigid, a handle 1104 coupled to the proximal end of shaft
1000 and an electrode support member 1002 coupled to the
distal end of shaft 1000. In an alternative embodiment (not
shown), shaft 1000 comprises an electrically conducting
material, usually metal, which is selected from the group
comprising lungsten, stainless steel alloys, platinum or its
alloys, titanium or its alloys, molybdenum or its alloys, and
nickel or its alloys. In this embodiment, shaft 1000 includes
an clectrically insulating jacket 1008, which is typically
formed as one or more electrically insulating sheaths or
coalings, such as polytetrafluoroethylene, polyimide, and the
like. The provision of the electrically insulating jacket over
the shaft prevents direct electrical contact between these
metal elements and any adjacent body structure or the
surgeon. Such direct electrical contact between a body
structure (e.g., tendon) and an exposed electrode could result
in unwanted heating of the structure at the point of contact
causing necrosis.

[0146] Handle 1104 typically comprises a plastic material
that is easily molded into a suitable shape for handling by the
surgeon. Handle 1104 defines an inner cavity (not shown)
that houses the electrical connections 1150 (FIG. 35), and
provides a suitable interface for connection to an electrical
connecting cable 934 (sece FIG. 32). Electrode support
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member 1002 extends from the distal end of shaft 1000
(usually about 1 to 20 mm), and provides support for a
plurality of electrically isolated electrode terminals 1004
(see FIG. 34). As shown in FIG. 33, a fluid tube 1133
extends through an opening in handle 1104, and includes a
connector 1135 for connection to a fluid supply source, for
supplying electrically conductive fluid to the target site.
Depending on the configuration of the distal surface of shaft
1000, fluid tube 1133 may extend through a single lumen
(not shown) in shaft 1000, or it may be coupled to a plurality
of lumens (also not shown) that extend through shaft 1000
to a plurality of openings at its distal end. In the represen-
tative embodiment, fluid tube 1133 extends along the exte-
rior of shaft 1000 to a point just proximal of return electrode
1012 (see FIG. 33). In this embodiment, the fuid is directed
through an opening 1137 past return electrode 1012 to the
electrode terminals 1004. Probe 990 may also include a
valve 917 (FIG. 32) or equivalent structure for controlling
the flow rate of the electrically conductive fluid to the target
site.

[0147] Asshown in FIG. 33-35, the distal portion of shaft
1000 is preferably bent to improve access to the operative
site of the tissue being treated. Electrode support member
1002 has a substantially planar tissue treatment surface 1112
that is usually at an angle of about 10 to 90 degrees relative
to the longitudinal axis of shaft 1100, preferably about 30 to
60 degrees and more preferably about 45 degrees. In alter-
native embodiments, the distal portion of shaft 1000 com-
prises a flexible material which can be deflected relative to
the longitudinal axis of the shaft. Such deflection may be
selectively induced by mechanical tension of a pull wire, for
cxample, or by a shape memory wire that expands or
contracts by externally applied temperature changes. A more
complete description of this embodiment can be found in
commonly assigned U.S. Pat. No. 5,697,909, the complete
disclosure of which is incorporated herein by reference for
all purposes.

[0148] In the embodiment shown in FIGS. 33-35, probe
990 includes a return electrode 1012 for completing the
current path between electrode terminals 1004 and a high
frequency power supply 928 (see FIG. 32). As shown, return
electrode 1012 preferably comprises an annular conductive
band coupled to the distal end of shaft 1000 slightly proxi-
mal to tissue treatment surface 1112 of electrode support
member 1002, typically about 0.05 to 10 mm and more
preferably about 1 to 10 mm. Return electrode 1012 is
coupled to a connector 1158 that extends to the proximal end
of probe 910, where it is suitably connected to power supply
928.

[0149] As shown in FIG. 33, return electrode 1012 is not
directly connecled to electrode terminals 1004. To complete
this current path so that electrode terminals 1004 are elec-
trically connected to return electrode 1012, electrically con-
ductive fluid (e.g., isotonic saline) is caused to flow ther-
ebetween. In the representative embodiment, the electrically
conductive fluid is delivered through fluid tube 1133 to
opening 1137, as described above. Alternatively, the fluid
may be delivered by a fluid delivery element (not shown)
that is separate from probe 990. Electrically conductive fluid
will be continually resupplied to maintain the conduction
path between return electrode 1012 and electrode terminals
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[0150] In alternative embodiments, the electrically con-
ductive fluid may be delivered to the working end of probe
990 by, for example, an inner lumen or an annular gap
between the return electrode and a tubular support member
within shaft 1000. This annular gap may be formed near the
perimeter of the shaft 1000 such that the electrically con-
ductive fluid tends to flow radially inward towards the target
site, or it may be formed towards the center of shaft 1000 so
that the fluid flows radially outward. In both of these
embodiments, a fluid source (e.g., a bag of fluid elevated
above the surgical site or having a pumping device), is
coupled to probe 990 via a fluid supply tube (not shown) that
may or may not have a controllable valve. A more complete
description of an electrosurgical probe incorporating one or
more fluid lumen(s) can be found in U.S. Pat. No. 5,697,281,
the complete disclosure of which has previously been incor-
porated herein by reference.

[0151] Referring to FIG. 34, the electrically isolated elec-
trode terminals 1004 are spaced apart over tissue treatment
surface 1112 of electrode support member 1002. The tissue
treatment surface and individual electrode terminals 1004
will usually have dimensions within the ranges set forth
above. As shown, the probe includes a single, larger opening
1109 in the center of tissue treatment surface 1112, and a
plurality of electrode terminals (e.g., about 3-15) around the
perimeter of surface 1112. Alternatively, the probe may
include a single, annular, or partially annular, electrode
terminal at the perimeter of the tissue treatment surface. The
central opening 1109 is coupled to a suction lumen (not
shown) within shaft 1000 and a suction tube 1111 (or lumen)
for aspirating tissue, fluids and/or gases from the target site.
In this embodiment, the electrically conductive fluid gener-
ally flows radially inward past electrode terminals 1004 and
then back through the opening 1109. Aspirating the electri-
cally conductive fluid during surgery allows the surgeon to
see the target site, and it prevents the fluid from flowing into
the patient’s body.

[0152] As shown in FIG. 34, one or more of the electrode
terminals comprise loop electrodes 1040 that extend across
distal opening 1109 of the suction lumen within shaft 1000.
In the representative embodiment, two of the electrode
terminals comprise loop electrodes 1040 that cross over the
distal opening 1109. Of course, it will be recognized that a
variety of different configurations are possible, such as a
single loop electrode, or multiple loop electrodes having
different configurations than shown. In addition, the elec-
trodes may have shapes other than loops, such as the coiled
configurations shown in FIGS. 36 and 37. Alternatively, the
clectrodes may be formed within the suction lumen proximal
to the distal opening 1109, as shown in FIG. 38. The main
function of loop electrodes 1040 is to ablate portions of
tissue that are drawn towards or into the suction lumen to
prevent clogging of the lumen.

[0153] Loop electrodes 1040 are electrically isolated from
the other electrode terminals 1004, which can be referred to
hereinafter as the ablation electrodes 1004. Loop electrodes
1040 may or may not be electrically isolated from each
other. Loop electrodes 1040 will usually extend only about
0.05 to 4 mm, preferably about 0.1 to 1 mm from the tissue
treatment surface of electrode support member 1004.

[0154] Of course, it will be recognized that the distal tip of
probe may have a variety of different configurations. For
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example, the probe may include a plurality of openings 1109
around the outer perimeter of tissue treatment surface 1112.
In this embodiment, the electrode terminals 1004 extend
from the center of tissue treatment surface 1112 radially
inward from openings 1109. The openings are suitably
coupled to fluid tube 1133 for delivering electrically con-
ductive fluid to the target site, and a suction tube 1111 for
aspirating the fluid after it has completed the conductive
path between the return electrode 1012 and the electrode
terminals 1004. In this embodiment, the ablation electrode
terminals 1004 are close enough to openings 1109 to ablate
most of the large tissue fragments that are drawn into these
openings.

[0155] FIG. 35 illustrates the electrical connections 1150
within handle 1104 for coupling electrode terminals 1004
and return electrode 1012 to the power supply 928. As
shown, a plurality of wires 1152 extend through shaft 1000
to couple terminals 1004 to a plurality of pins 1154, which
are plugged into a connector block 1156 for coupling to a
connecting cable 922 (FIG. 32). Similarly, return electrode
1012 is coupled to connector block 1156 via a wire 1158 and
a plug 1160.

[0156] Referring now to FIGS. 36 and 37, alternative
embodiments for aspiration electrodes will now be
described. As shown in FIG. 36, the aspiration electrodes
may comprise a pair of coiled electrodes 1050 that extend
across distal opening 1109 of the suction lumen. The larger
surface area of the coiled electrodes 1050 usually increases
the effectiveness of the electrodes 1050 on tissue fragments
passing through opening 1109. In FIG. 37, the aspiration
clectrode comprises a single coiled electrode 1052 passing
across the distal opening 1109 of suction lumen. This single
electrode 1052 may be sufficient to inhibit clogging of the
suction lumen. Alternatively, the aspiration electrodes may
be positioned within the suction lumen proximal to the distal
opening 1109. Preferably, these electrodes are close 1o
opening 1109 so that tissue does not clog the opening 1109
before it reaches electrodes 1054. In this embodiment, a
separate return electrode 1056 may be provided within the
suction lumen to confine the electric currents therein.

[0157] Referring to FIG. 38, another embodiment of the
present invention incorporates an aspiration electrode 1060
within the aspiration lumen 1062 of the probe. As shown, the
electrode 1060 is positioned just proximal of distal opening
1109 so that the tissue fragments are ablated as they enter
lumen 1062. In the representation embodiment, the aspira-
tion electrode 1060 comprises a loop electrode that stretches
across the aspiration lumen 1062. However, it will be
recognized that many other configurations are possible. In
this embodiment, the return electrode 1064 is located out-
side of the probe as in the previously embodiments. Alter-
natively, the return electrode(s) may be located within the
aspiration lumen 1062 with the aspiration electrode 1060.
For example, an inner insulating coating may be exposed at
portions within the lumen 1062 to provide a conductive path
between this exposed portion of return electrode 1064 and
the aspiration electrode 1060. The latter embodiment has the
advantage of confining the electric currents to within the
aspiration lumen. In addition, in dry fields in which the
conductive fluid is delivered to the target site, it is usually
easier to maintain a conductive fluid path between the active
and return electrodes in the latter embodiment because the
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conductive fluid is aspirated through the aspiration lumen
1062 along with the tissue fragments.

[0158] FIG. 39 schematically illustrates a lipectomy pro-
cedure in the abdomen according to the present invention.
Liposuction in the abdomen, lower torso and thighs accord-
ing to the present invention removes excess adipose tissue
from these regions while leaving the fascial, neurovascular,
and lymphatic network intact or only mildly compromised.
As shown, access incisions 1200 are typically positioned in
natural skin creases remote from the areas to be liposuc-
tioned.

[0159] In a conventional liosuction procedure of the prior
art, multiple incisions may be made to allow cross-tunnel-
ing, and the surgeon manipulates the suction cannula in a
linear piston-like motion during suction to remove the
adipose tissue to avoid clogging of the cannula, and to
facilitate separation of the fatty tissue from the remaining
tissue. The present invention largely solves these two prob-
lems and, therefore, minimizes the need for the surgeon to
manipulate the probe in such a fashion.

[0160] As shown in FIG. 39, the distal portion (not
shown) of an electrosurgical instrument 1202 is introduced
through one or more of the incisions 1200 and one or more
electrode terminal(s) 1004 (FIG. 33) are positioned adjacent
to the adipose tissue to be removed. Electrically conductive
fluid, e.g., isotonic saline, is delivered through tube 1133 and
opening 1137 (e.g., FIG. 33) to the tissue. The fluid flows
past the return electrode 1012 to the clectrode terminals
1004 at the distal end of the shaft. The rate of fluid flow is
controlled with valve 917 (FIG. 32) such that the zone
between the tissue and electrode support 1002 is constantly
immersed in the fluid. The power supply 928 is then turned
on and adjusted such that a high frequency voltage is applied
between electrode terminals 1004 and return electrode 1012.
The electrically conductive fluid provides a current flow
path between electrode terminals 1004 and the return elec-

trode 1012.

[0161] In one embodiment, the high frequency voltage is
sufficient to convert the electrically conductive fluid (not
shown) between the target tissue and electrode terminals
1004 into an ionized vapor layer or plasma (not shown). As
a result of the applied voltage between electrode terminal(s)
1004 and the target tissue (i.e., the vollage gradient across
the plasma layer), charged particles in the plasma (e.g.,
electrons) are accelerated towards the fatty tissue. At suffi-
ciently high voltages, these charged particles gain sufficient
cnergy to cause dissociation of the molecular bonds within
tissue structures. This molecular dissociation is accompa-
nied by the volumetric removal (i.c., ablative sublimation)
of tissue and the production of low molecular weight gases,
such as oxygen, nitrogen, carbon dioxide, hydrogen and
methane.

[0162] In alternative embodiments of the invention, the
high frequency voltage is sufficient to heat and soften or
separate portions of the fatty tissue from the surrounding
tissue. Suction is then applied from a vacuum source (not
shown) through lumen 962 to aspirate or draw away the
heated fatty tissue. A temperature of about 45° C. softens
fatty tissue, and a temperature of about 50° C. tends to
liquefy ordinary fat in adipose tissue. This heating and
softening of the fatty tissue reduces the collateral damage
created when the heated tissue is then removed by aspira-
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tion. Alternatively, the present invention may employ a
combination of ablation through molecular dissociation, as
described above, and heating or softening of the fatty tissue.
In this embodiment, some of the fatty tissue is ablated in
situ, while other portions are softened to facilitate removal
by suction.

[0163] During the procedure, gases may be aspirated
through opening 1109 and suction tube 1111 to a vacuum
source. In addition, excess electrically conductive fluid, and
other fluids (e.g., blood) are also aspirated from the target
site to facilitate the surgeon’s view. Applicant has also found
that tissue fragments are also aspirated through opening
1109 into suction lumen and tube 1111 during the procedure.
These tissue fragments may be ablated or dissociated with
loop electrodes 1040 via a mechanism similar to that
described above. Namely, as electrically conductive fluid
and tissue fragments are aspirated into loop electrodes 1040,
these electrodes are activated so that high frequency voltage
is applied to loop electrodes 1040 and return electrode 1012
(of course, the probe may include a different, separate return
electrode for this purpose). The voltage is sufficient to
vaporize electrically conductive fluid, and to create a plasma
layer between loop electrodes 1040 and the tissue fragments
so that portions of the tissue fragments are ablated or
removed. This reduces the volume of the tissue fragments as
they pass through suction lumen to minimize clogging of the
lumen.

[0164] In one embodiment, loop electrodes 1040 are elec-
trically isolated from the other electrode terminals 1004, and
they must be separately activated at the power supply 928.
In other embodiments, loop electrodes 1040 will be acti-
vated at the same time that electrode terminals 1004 are
activated. In this case, applicant has found that the plasma
layer typically forms when tissue is drawn adjacent to loop
electrodes 1040.

[0165] FIG. 40 illustrates a cervical liposuction procedure
in the face and neck according to the present invention. As
shown, the distal portion of the electrosurgical probe 1202
may be inserted in either submental or retroauricular inci-
sions 1204 in the face and neck. In this procedure, the probe
1202 is preferably passed through a portion of the fatty
tissue with the power supply 928 activated, but without
suction, to establish a plane of dissection at the most
superficial level of desired fat removal. This plane of dis-
section allows a smooth, supple, redraping of the region
after liposuction has been completed. If this “pretunneling”
is not performed in this region, the cannula has a tendency
to pull the skin inward, creating small pockets and inden-
tations in the skin, which becomes evident as superficial
irregularities after healing. Pretunneling also enables accu-
rate, safe and proper removal of fat deposits, while preserv-
ing a fine cushion of subdermal [at.

[0166] The present invention may also be used to perform
lipectomies in combination with face and neck lifts 1o
facilitate the latter procedures. After the cervical liposuction
is complete, the skin flaps are elevated in the temporal,
cheek and lateral regions. The lateral neck skin flap dissec-
tion is greatly facilitated by the previous suction lipectomy
in that region, and the medial and central skin flap elevation
may be virtually eliminated.

[0167] FIG. 41 is a block diagram representing an elec-
trosurgical system 1300, according to one aspect of the
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instant invention. System 1300 includes an electrosurgical
probe 1301 coupled to a high frequency power supply 1328.
Probe 1301 includes a shaft 1302, an active electrode 1310,
and a return electrode 1318. Typically, active electrode 1310
and return electrode 1318 are disposed at the distal or
working end of shaft 1302 (e.g., FIGS. 43, 44A-C). Shaft
1302 may be straight (linear), rigid, curved, flexible, or
steerable (e.g., FIGS. 45A-B). In use, power supply 1328
may be used to apply a high frequency voltage between
active electrode 1310 and return electrode 1318 at a pre-
selected voltage level and frequency. System 1300 is
adapted for operation in the sub-ablation mode (e.g., for the
contraction, shrinkage, or other modification of tissue in the
absence, or substantial absence, of ablation). Typically,
system 1300 is further adapted for operation in the ablation
mode (e.g., for the ablation, volumetric removal, or vapor-
ization of tissue). System 1300 may be switched or toggled
between the sub-ablation mode and the ablation mode, e.g.,
via foot pedals (FIG. 1). Probe 1301 further includes a fluid
delivery unit 1330 for delivering an electrically conductive
fluid to the working or distal end of probe 1301, and an
aspiration unit 1340 for removing unwanted or excess
materials from the surgical site during a procedure.

[0168] FIG. 42 is a block diagram representing an elec-
trosurgical system 1400, according to the instant invention.
System 1400 includes a shaft 1402, and an electrode assem-
bly 1420 disposed on shaft 1402. Electrode assembly 1420
includes an electrode support 1414, an active electrode 1410
disposed on electrode support 1414, and a return electrode
1418 spaced from active electrode 1410 by electrode support
1414. System 1400 further includes a handle 1404 housing
a connection block 1406, and a high frequency power supply
1428. Active electrode 1410 and return electrode 1418 are
coupled to power supply 1428 via connection block 1406.
Power supply 1428 is adapted for applying a high frequency
voltage between active electrode 1410 and return electrode
1418 in, at least, the sub-ablation mode (essentially as
described hereinabove for power supply 1328, FIG. 41).
System 1400 may be used in conjunction with a fluid
delivery unit and an aspiration unit (essentially as described
hereinabove with reference to system 1300, FIG. 41).

[0169] FIG. 43 is a partial sectional view of an electro-
surgical probe 1500, according to one embodiment of the
instant invention. Probe 1500 includes a shaft 1502, having
a shaft distal end 1502a and a shaft proximal end 15025, and
a handle 1504 affixed to proximal end 15025, Handle 1504
houses a connection block 1506. Probe 1500 further
includes an active electrode 1510 and a return electrode
1518. Active electrode 1510 and return electrode 1518 are
typically coupled to connection block 1506 via leads, wires,
or filaments (not shown in FIG. 43). Connection block 1506
provides a convenient mechanism for the facile and reliable
coupling of active electrode 1510 and return electrode 1518
to a high frequency power supply (e.g., FIG. 42). As shown,
active electrode 1510 is disposed at the distal terminus of
probe 1500 on an electrically insulating electrode support
1514. Return electrode 1518 is spaced proximally from
active electrode 1510 by electrode support 1514, In one
embodiment, shaft 1502 comprises a metal tube partially
ensheathed within an electrically insulating sleeve, and
return electrode 1518 comprises an exposed (non-insulated)
portion of shaft 1502.
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[0170] Again with reference to FIG. 43, probe 1500
further includes an integral fluid delivery unit and an integral
aspiration unit. The fluid delivery unit includes a distal fluid
delivery port 1532, a fluid delivery lumen 1534, and a
proximal fluid delivery tube 1536. Fluid delivery tube 1536
may be coupled to a suitable source of an clectrically
conductive fluid (e.g., FIG. 1). The electrically conductive
fluid delivered to the working end of the probe provides a
current flow path between active electrode 1510 and return
clectrode 1518, The flow rate of electrically conductive fluid
(represented in FIG. 43 by solid arrows) may be controlled
by one or more pumps, valves, or other functionally analo-
gous devices.

[0171] The aspiration unit of probe 1500 includes a distal
aspiration port 1542, an aspiration lumen 1544, and a
proximal aspiration tube 1546. Aspiration tube 1546 may be
coupled to a suitable vacuum source (not shown) in order to
draw an aspiration stream from port 1542 through lumen
1544. Excess or unwanted materials (e.g., ablation byprod-
ucts, tissue fragments, etc.) may be removed from the
surgical site via the aspiration stream. The flow rate of the
aspiration stream (represented in FIG. 43 by open arrows)
may be controlled by a valve or similar element.

[0172] FIGS. 44A-C cach show a side view of the distal or
working end of an electrosurgical probe 1600, according to
three different embodiments of the invention. Probe 1600
includes an electrode assembly 1620 at shaft distal end
1602a. Electrode assembly 1620 includes an electrically
insulating electrode support 1614 having a treatment surface
1622, and a return electrode 1618 proximal to electrode
support 1614. Electrode support 1614 may comprise a metal
such as a ceramic, a glass, or a silicone rubber. Return
clectrode 1618 may comprise an exposed (non-insulated)
portion of shalt distal end 1602a. As shown in FIG. 44A, a
pair of electrode terminals 1610 extend distally from treat-
ment surface 1622, In FIG. 44B, electrode terminals 1610
are substantially flush with treatment surface 1622. The
configuration of FIG. 44B climinates sharp edges or corners
of electrode terminals 1610, thereby decreasing the risk of
damage (e.g., physical trauma) to the patient’s tissues. In the
embodiment of FIG. 44C, electrode terminals 1610" are
recessed from treatment surface 1622 within electrode sup-
port 1614.

[0173] The invention is not limited to electrode assemblies
having the configurations depicted in FIGS. 44A-C. Thus,
other numbers, shapes, configurations, and arrangements of
active electrode terminals, electrode supports, and return
electrodes are also contemplated under the invention. Simi-
larly, although electrode assembly 1620 is depicted in FIGS.
44A-C as being mounted terminally on shaft distal end
16024, in alternative embodiments the electrode assembly
may be mounted laterally on the shaft (e.g., FIG. 47B).
Furthermore, although shaft distal end 1602a is shown as
being essentially linear, in some embodiments distal end
1602a may be curved, bent, or bendable (e.g., FIG. 45B).
For example, in one embodiment, shaft distal end 1602a
may be curved such that treatment surface 1622 is at an
angle in the range of from about 10° to 90° with respect 1o
the longitudinal axis of the probe.

[0174] FIGS. 45A and 45B show an electrosurgical probe
1700 in a linear configuration and a curved configuration,
respectively. Probe 1700 includes a shaft 1702, having a
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shaft distal end 17024 and a shaft proximal end 17025, and
a handle 1704 affixed to shaft proximal end 17025. An
electrode assembly 1720 is disposed at shaft distal end
1702a. Electrode assembly 1720 includes at least one active
electrode terminal, e.g., a single electrode terminal or an
electrode array comprising a plurality of active electrode
terminals (e.g., FIGS. 17, 20, 23, 34, 43). Electrode assem-
bly 1720 further includes at least one return electrode spaced
from the active electrode(s) by an electrically insulating
spacer or electrode support (e.g., FIGS. 44A-C). In one
embodiment, electrode assembly 1720 may further include
al least one aspiration electrode (e.g., FIGS. 36, 38) for
digesting or vaporizing fragments of tissue removed from
the surgical site during certain procedures.

[0175] Again with reference to FIGS. 45A-B, shalt distal
end 1702a may adopt a linear configuration (FIG. 45A) or
a curved configuration represented as 1702a' (FIG. 45B).
Shaft distal end 17024/1702a" may be transformed between
the linear configuration and the curved configuration by pull
wires, shape memory actuators, or other known mecha-
nisms, for effecting selective deflection of shaft distal end
1702a. In an alternative embodiment, shaft distal end 17024
may be bent by the surgeon to the appropriate degree, e.g.,
using a conventional bending tool. A curved configuration,
or selective deflection of shaft distal end 17024, permits or
facilitates guiding or steering the active clectrode(s) to a
target site during certain procedures. For example, shaft
distal end 17024 may be guided from a subcutaneous
location to access the dermis for treatment of the “under-
side” of the skin (e.g., FIGS. 49A-B). (A more complete
description of apparatus having a deflectable working end is
provided in commonly assigned U.S. Pat. No. 5,697,909, the
disclosure of which is incorporated by reference herein in its
entirety.) Optionally, probe 1700 may be used in conjunction
with a suitable introducer device 1750 or a hypodermic
needle, e.g., for advancing shaft distal end 1702a percuta-
neously toward a target site (e.g., FIG. 46).

[0176] FIG. 46 illustrates subcutancous access of the
underside of the skin, SK of a patient by the working end of
an electrosurgical probe 1800, according to one embodiment
of the invention. The skin, SK, includes the outer epidermis,
EP, the dermis, DE, and the inner subcutis, SC. Probe 1800
includes an clongate shaft 1802 having a shaft distal end
18024 and a shaft proximal end 1802b. A handle 1804 is
affixed to shaft proximal end 1802b. Shaft distal end 18024
is adapted for passage within an introducer device 1850. As
shown, shaft distal end 1802 is capable of adopting a
curved configuration. As an example, deflection of shaft
distal end 18024 may be selectively induced by mechanical
tension of a pull wire, or by a shape memory wire that
expands or contracts by externally applied temperature
changes. Such steering mechanisms are well known in the
arl.

[0177] After introducer device 1850 has penetrated the
skin, SK, shaft distal end 1802a may be advanced beyond
the distal end of introducer 1850 to a location beneath skin,
SK (i.c., to a subcutancous location). An electrode assembly
is disposed at shaft distal end 1802a. As shown, the electrode
assembly includes an active electrode 1810 disposed on an
electrode support or spacer 1814, and a return electrode
1818 spaced proximally from active electrode 1810. How-
ever, other arrangements, numbers, and configurations for an
electrode assembly of the probe are also within the scope of
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the invention. From the subcutancous location of shaft distal
end 18024, active electrode 1810 may be guided, e.g., in the
direction indicated by arrow, AR, toward the epidermis, EP
to a target site within the dermis, DE or subcutis, SC.

[0178] In one embodiment, active electrode 1810 is posi-
tioned in the dermis, DE for contraction of collagen fibers
within the dermis. Alternatively, or in addition, active elec-
trode 1810 may be positioned in the subcutis, SC, which
consists of a network of collagen and fat cells. Collagen
fibers in the dermis and/or subcutis may be contracted by the
controlled heating of tissue at a target site by application of
a high frequency voltage between active electrode 1810 and
return electrode 1818, with the power supply operating in
the sub-ablation mode. Generally, the voltage parameters are
within the ranges cited hereinabove for the sub-ablation
mode, and the applied voltage heats the target tissue in a
controlled manner to a temperature in the range of from
about 60° C. to 70° C. Probe 1800 may be used for
contracting the skin in the face or neck (e.g., in the sub-
mental or retroauricular locations) following, or as part of,
a face-lift or neck-lift procedure. For example, prior to
contracting the skin in the manner depicted in FIG. 46,
excess skin or excess adipose tissue may be removed from
a patient having a double chin or excessively large jowls. As
an example, excess skin or adipose tissue may be removed
clectrosurgically (e.g., vaporized) using an electrosurgical
apparatus of the invention operating in the ablation mode.
Alternatively, the skin of a patient may be shrunk in the
manner depicted in FIG. 46 following a conventional lipo-
suction procedure. An example of a conventional liposuction
procedure is the Klein method, which involves the use of a
tumescent solution (Klein solution), as is well known in the
art.

[0179] FIG. 47A illustrates subcutaneous access of the
underside of the skin, SK by the working end of an elec-
trosurgical probe 1900, according to another embodiment of
the invention. Probe 1900 includes a shaft 1902 having a
shaft distal end 1902a and a shaft proximal end 19026, A
handle 1904 is affixed to shaft proximal end 1902b. Shaft
1902 is adapted for transformation between a linear con-
figuration and a curved configuration. As an example, shaft
1902 may comprise a flexible material which can be
deflected relative to the longitudinal axis of probe 1900, ¢.g.,
by mechanical tension of a pull wire, etc. In one embodi-
ment, shaft distal end 1902¢ is selectively deflected during
the course of a procedure, ¢.g., after distal end 1902a has
reached a subcutancous location. Alternatively, shaft distal
end 19022 may be pre-bent to a suitable degree by the
surgeon prior to beginning a procedure. In one embodiment,
shaft 1902 is in the form of a slender rod having a diameter
in the range of from about 0.2 mm to 3.0 mm, and ofien in
the range of from about 0.25 mm to 1.5 mm. In one
embodiment, shaft 1902 has dimensions similar to those of
a 20-30 gauge hypodermic needle. Shaft distal end 19024
may be advanced percutaneously (in either the linear or
curved configuration) by exertion of a mechanical force
thereon, by electrosurgical channeling through the skin (via
localized ablation of tissue), or by a combination of elec-
trosurgical channeling and mechanical force. Alternatively,
shaft distal end 19024 may be introduced through a small
incision in skin, SK.

[0180] From the subcutaneous location depicted in FIG.
47A, electrode assembly 1920 may be guided to a target
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location within dermis, DE, or subcutis, SC, by manipulat-
ing probe 1900 via handle 1904. After, electrode assembly
1920 has been positioned at a target location within dermis,
DE or subcutis, SC, a sub-ablation voltage is applied
between the active electrode and the return electrode,
wherein the voltage effects the controlled heating of the
tissue in the vicinity of electrode assembly 1920. For the
contraction of collagen fibers, the tissue is typically heated
to a temperature in the range of from about 60° C. to 70° C.
In an alternative form of treatment, the dermis may be
heated by the application of a sub-ablation voltage in order
to induce localized collagen deposition. In this manner, the
skin may be treated from the underside to modify the skin in
a range of cosmetic procedures, for example, by contracting
collagen fibers in the dermis, and/or by stimulating deposi-
tion of new collagen.

[0181] FIG. 47B shows subcutancous access of the der-
mis, DE of the skin, SK by the working end of an ¢lectro-
surgical probe 1900', according to another embodiment of
the invention. Probe 1900" includes a shaft 1902' having a
shalt distal end 1902'a and a shaft proximal end 1902'h. A
handle 1904 is affixed to shaft proximal end 1902'h. Shaft
distal end 1902'a has a curved configuration. Probe 1900
may be provided (i.e., manufactured) with the shaft having
a range of different lengths, diameters, and curvatures, for
use in a range of different target sites and dermatological
procedures. In one embodiment, shaft distal end 1902'a may
be bent to a suitable degree by the surgeon prior o a
procedure in order to “customize” the probe for the particu-
lar procedure/target site. In one embodiment, shaft 1902 is
in the form of a slender rod having a diameter in the range
of from about 0.2 mm to 3.0 mm. In the embodiment of FIG.
478, active electrode terminals 1910" are arranged laterally
on shaft distal end 1902'a. Active electrode terminals 1910°
are spaced from a return electrode 1918’ by an electrically
insulating electrode support 1914'. The lateral arrangement
of active electrode terminals 1910' and electrode support
1914 facilitates access lo the dermis, DE from the underside
of the skin during certain procedures. Shaft distal end 1902'a
may be advanced to a subcutancous location, for example,
through a small incision in skin, SK. In use, probe 1900 is
coupled to a high frequency power supply capable of
operating in at least the sub-ablation mode. In some embodi-
ments, probe 1900 is coupled to a high frequency power
supply capable of operating in both the sub-ablation mode
and the ablation mode. For treating the skin, SK (c.g. for
contraction of collagen fibers in the dermis, DE, or subeutis,
SC) probe 1900 is typically operated in the sub-ablation
mode.

[0182] FIGS. 48A-C schematically represents an appara-
tus and procedure for treatment of a wrinkle in the skin of
a patient. FIG. 48A shows a wrinkle, WR targeted for
treatment in the skin, SK. FIG. 48B shows an electrosur-
gical probe 2000 including a shaft 2002, a handle 2004 at the
proximal end of shaft 2002, and an electrode assembly 2020
at the distal end of shaft 2002. Electrode assembly 2020
includes at least one active electrode terminal and a return
clectrode spaced from the active electrode terminal(s). As an
example, electrode assembly 2020 may have a configuration
as described hereinabove for electrosurgical instruments
according to the various embodiments of the invention.
Shaft 2002 is directly inserted in skin, SK at the location of
wrinkle, WR such that electrode assembly 2020 is posi-
tioned in the dermis beneath wrinkle, WR. Thereafter, a high
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frequency voltage is applied between the active electrode
terminal(s) and the return electrode in the sub-ablation
mode, in order to effect the controlled heating of the dermis
at the location beneath the wrinkle, WR. The voltage param-
eters may be pre-selected or adjusted to provide sufficient
heat to the dermis, whereby the dermis is induced to deposit
new collagen directly beneath the wrinkle, WR. As a result
of such localized collagen deposition, the targeted wrinkle is
reduced or removed, as indicated at the location labeled WR'

in FIG. 48C.

[0183] FIGS. 49A-C represent treatment of a wrinkle, WR
in the skin via subcutaneous access of the underside of the
skin, SK by an electrosurgical probe 2100. Probe 2100
includes a shaft 2102, having a shaft distal end 21024 and a
shaft proximal end 2102b; a handle 2104 at shaft proximal
end 2102b; and an clectrode assembly 2120 at shaft distal
end 2102a. Shaft distal end 2102a is adapted for being
deflected to a curved or bent configuration (FIG. 49B). FIG.
49A shows shaft 2102 advanced through skin, SK such that
clectrode assembly 2120 is in a subcutaneous location, with
shaft distal end 2102« in a linear configuration. Shaft distal
end 2102a is deflected as appropriate in order to guide
electrode assembly 2120 to a location in the dermis beneath
awrinkle, WR targeted for treatment, as shown in FIG. 49B.
After electrode assembly 2120 has been suitably positioned
in relation to wrinkle, WR, a high frequency voltage is
applied between the active electrode terminal(s) and the
return electrode, in the sub-ablation mode, wherein the
applied voltage is selected to effect the controlled heating of
the dermis such that collagen deposition is induced at a
location directly beneath the wrinkle, WR. As a result of
such localized collagen deposition, the targeted wrinkle is
removed or reduced, as indicated at the location labeled WR'
in FIG. 49C.

[0184] FIG. 50 schematically represents a series of steps
involved in a method for electrosurgically treating the skin
ol a patient, according to one embodiment of the invention.
As an example, the method of FIG. 50 may be used after, or
as part of, an electrosurgical or conventional liposuction
procedure. The method of FIG. 50 may also be used after,
or as part of, an electrosurgical or conventional face-lift or
neck-lift procedure. Step 2200 involves providing an elec-
trosurgical apparatus or system. The apparatus or system
may have the characteristics, features, and eclements
described hereinabove for various embodiments of the
invention. Typically, the apparatus comprises an electrosur-
gical probe including a shaft, and an electrode assembly at
the distal or working end of the shaft. The electrode assem-
bly includes at least one active electrode and a return
clectrode. The active electrode and the return electrode are
coupled to opposite poles of a high frequency power supply,
wherein the power supply can be operated in the ablation
mode or the sub-ablation mode. In one embodiment, the
shaft distal end is bent or deflectable, whereby the electrode
assembly can be steered or guided to a particular target
location.

[0185] Optional step 2202 involves removing excess tis-
sue in a region of the skin to be treated. Such excess lissue
may be adipose tissue, or skin tissue in an area from which
adipose tissue has been removed during a liposuction pro-
cedure. Step 2202 may be performed electrosurgically, for
example, using various instruments and methods described
herein, or by conventional mechanical instruments. In one
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embodiment, electrosurgical removal of excess tissue in step
2202 involves positioning the active electrode in at least
close proximity to the tissue to be removed, and thereafter
applying a high frequency voltage between the active elec-
trode and the return electrode in the ablation mode. Typi-
cally, the voltage applied in the ablation mode is within the
ranges cited hereinabove, for example, from about 200 volts
RMS to 1000 volts RMS. Electrosurgical instruments and
methods of the invention offer a number of advantages, as
compared with conventional procedures, including minimal
scaring, electrosurgical coagulation of severed blood vessels
resulting in improved visibility at the surgical site and less
bleeding, and more rapid recovery from the procedure. In
one embodiment, the method described with reference to
FIG. 50 may be used to shrink the skin in an area where a
liposuction procedure has been performed, prior to closing
the surgical site.

[0186] Step 2204 involves accessing the dermis at the
location targeted for treatment. In one embodiment, an
incision is formed in the skin, e.g., at a submental location,
to provide a flap of skin; and the flap of skin may be elevated
away [rom the neck and face to allow positioning of the shaft
distal end beneath the flap of skin. In another embodiment,
step 2204 involves advancing the shaft distal end through
the skin until the electrode assembly is positioned at a
subcutancous location, and thereafter guiding the shaft distal
end through the subcutis layer toward the epidermis until the
clectrode assembly is positioned within the dermis. In an
alternative embodiment, step 2204 involves advancing the
shaft distal end through the epidermis toward the dermis,
such that the electrode assembly/active electrode is posi-
tioned within the dermis. In another embodiment, the shaft
distal end may be introduced via an incision in the skin,
wherein the incision was made for the purpose of removing
excess lissue during step 2202.

[0187] Step 2206 involves applying a high frequency
voltage between the active electrode and the return elec-
trode, in the sub-ablation mode, such that the dermis under-
goes localized heating in a controlled manner. For shrinkage
of the skin via contraction of collagen fibers in the dermis,
the dermal tissue is typically heated to a temperature in the
range of from about 60° C. to 70° C. In one embodiment, the
dermal tissue at the target location is heated via resistive
heating as a result of current flow through the tissue in the
vicinity of the active electrode.

[0188] Step 2208 involves moving the active electrode
with respect to the skin. In one embodiment, the active
electrode is moved during step 2206. Alternatively, after
treating the skin at a first location as a result of step 2206,
the power can be turned off, and the active electrode may be
moved to a new location of the skin prior to turning the
power back on. By moving the active electrode according to
step 2208, a relatively large area of tissue can be treated.
Typically, the active electrode is moved by manipulating the
probe via the handle.

[0189] FIG. 51A schematically represents a series of steps
involved in a method for electrosurgically reducing or
removing wrinkles in the skin of a patient, according to
another embodiment of the invention. Step 2300 involves
providing an electrosurgical probe. Typically, the probe
includes a shaft having a narrow diameter, e.g., having a
diameter in the range of from about 0.25 mm to 2.5 mm, and
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an electrode assembly disposed at the shaft distal end. The
electrode assembly typically includes an active electrode
and a return electrode spaced from the active electrode by an
clectrically insulating electrode support or spacer. In one
embodiment, the electrode assembly and the shaft distal end
are adapted for direct penetration into the skin through the
epidermis, and advancement of the electrode assembly into
the dermis. The probe may also have other features, char-
acleristics, or elements, as described hereinabove for the
various embodiments of the invention. Step 2302 involves
positioning the active electrode in the dermis at a target
location. Typically, the target location is directly beneath a
wrinkle targeted for treatment. Most commonly, wrinkles
targeted for treatment are on the face or neck, and often such
wrinkles are located around the eyes or around the mouth.

[0190] While the probe is positioned according to step
2302, step 2304 involves applying a sub-ablation voltage
between the active electrode and the return electrode,
wherein the sub-ablation voltage is selected to induce col-
lagen deposition in the dermis at the location of the target
wrinkle. Such collagen deposition removes or reduces the
wrinkle targeted for treatment. Typically, the sub-ablation
voltage is within the ranges cited hereinabove for the
sub-ablation mode, for example, in the range of from about
20 volts RMS to 90 volts RMS, at a frequency in the range
of from about 50 kHz to 500 kHz. In the case of relatively
long wrinkles, treatment may necessitate repositioning of
the active electrode within the dermis in order to treat an
additional region of the wrinkle. Accordingly, step 2306
involves repositioning the active electrode with respect to
the wrinkle targeted for treatment. Thereafter, step 2304 may
be repeated to induce collagen deposition at the additional
region. Steps 2304 and 2306 may be sequentially repeated
until the wrinkle targeted for treatment has been treated over
an appropriate length. Often, the entire length of the wrinkle
is treated according to the method of FIG. S1A.

[0191] FIG. 518 schematically represents a series of steps
involved in a method for electrosurgically removing
wrinkles in the skin of a patient, according to another
embodiment of the invention, wherein step 2400 involves
providing an electrosurgical probe. Typically, the probe
provided in step 2400 includes a narrow diameter shaft, e.g.,
having a diameter in the range of from about 0.25 mm 1o 2.5
mm, and an electrode assembly disposed at the shaft distal
end. In one embodiment, the shaft is adapted for passage
within an introducer needle for percutaneous advancement
to a location beneath the skin of the patient. In another
embodiment, the shaft is adapted for channeling directly
through the skin of the patient, without the use of an
introducer needle, until the shaft distal end is positioned at
a subcutaneous location (i.c., beneath the skin). The probe
may also have certain additional elements, features, or
characteristics as described hereinabove for the various
embodiments of the invention. In one embodiment, the shaft
distal end is curved or deflectable, whereby the electrode
assembly can be guided to a particular target location.

[0192] Step 2402 involves advancing the shaft in a first
direction, from the epidermis toward the subcutis, until the
shaft distal end is at a subcutaneous location adjacent to the
wrinkle targeted for treatment. Thereafter, step 2404
involves guiding the shaft distal end in a second direction,
toward the epidermis, such that the active electrode is
positioned within the dermis at a target location (step 2406).
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Typically, the target location is directly beneath the wrinkle
targeted for treatment. Step 2408 involves applying a sub-
ablation voltage between the active electrode and the return
clectrode, wherein the sub-ablation voltage is selected to be
effective in inducing collagen deposition in the dermis at the
targel location, essentially as described hereinabove with
reference to FIG. 51A. Typically, the applied voltage has
parameters within the ranges cited hereinabove for the
sub-ablation mode. Prior to or during step 2408, an electri-
cally conductive fluid may be delivered to the electrode
assembly or to the target location, to provide a current flow
path between the active electrode and the return electrode.
Optional step 2410 involves repositioning the active elec-
trode beneath an additional region of the wrinkle targeted for
treatment. Therealter, step 2408 may be repeated to induce
collagen deposition at the additional region, essentially as
described hereinabove for steps 2304 and 2306 according to
the method of FIG. 51A.

[0193] While the exemplary embodiments of the present
invention have been described in detail, by way of example
and for clarity of understanding, a variety of changes,
adaptations, and modifications will be obvious to those of
skill in the art. Therefore, the scope of the present invention
1s limited solely by the appended claims.

What is claimed is:
1. A method for shrinking the skin at a target site of a
patient’s face or neck, comprising:

a) providing a probe, the probe including a shaft having
a shaft distal end, an active electrode at the shaft distal
end, and a return electrode spaced from the active
electrode;

b) subcutaneously accessing the patient’s dermis on the
face or neck with the shaft distal end, wherein the
active electrode is positioned within the dermis at the
target site; and

c) applying a sub-ablation voltage between the active
clectrode and the return electrode, wherein the sub-
ablation voltage effects contraction of the skin in the
vicinity of the target site.

2. The method of claim 1, wherein the sub-ablation
voltage is a high [requency voltage in the range of from
about 20 volts RMS to 90 volts RMS.

3. The method of claim 1, further comprising:

d) prior to said step b), removing excess tissue from the

patient’s face or neck.

4. The method of claim 3, wherein said step d), comprises
excising a quantity of excess skin from the patient’s face or
neck.

5. The method of claim 4, wherein at least a portion of the
excess skin is excised electrosurgically.

6. The method of claim 1, wherein the voltage of said step
¢) is applied from a high frequency power supply adapted for
operation in the sub-ablation mode and the ablation mode.

7. The method of claim 3, wherein said step d) comprises
removing a quantity of adipose tissue from the vicinity of the
target site.

8. The method of claim 7, wherein said step d) comprises
performing liposuction in the vicinity of the target site.

9. The method of claim 7, wherein said step d) comprises:

¢) positioning the active electrode in at least close prox-
imity to the adipose tissue; and
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f) applying a second voltage between the active electrode
and the return electrode, wherein the second voltage is
sufficient to ablate or modify the adipose tissue.

10. The method of claim 9, wherein the second voltage is
in the range ol from about 200 volts RMS to 1000 volts
RMS.

11. The method of claim 9, wherein the second voltage is
sufficient to liquefy the adipose tissue.

12. The method of claim 1, wherein said step b) comprises
electrosurgically channeling through the epidermis of the
patient’s skin.

13. The method of claim 12, wherein said electrosurgical
channeling comprises:

g) positioning the active electrode in at least close prox-
imity to the epidermis; and

h) applying a high frequency voltage between the active
electrode and the return electrode.
14. The method of claim 1, wherein said step b) com-
prises:

1) advancing the shaft distal end through the skin from the
epidermis toward the subcutis until the shaft distal end
is at a subcutaneous location; and

j) passing the shaft distal end through the subcutis toward
the dermis.

15. The method of claim 1, further comprising:

k) moving the active electrode with respect to the skin.

16. The method of claim 15, wherein said step k) com-
prises moving the active electrode during said step ¢).

17. A method for removing or reducing wrinkles on the
skin of a patient, comprising:

a) providing a probe, the probe including a shaft having
a shaft distal end, an active electrode at the shaft distal
end, and a return electrode spaced from the active
electrode;

b) advancing the probe through the epidermis toward the
dermis such that the active electrode is positioned
within the dermis at the location of a target wrinkle; and

¢) applying a sub-ablation voltage between the active
clectrode and the return electrode, wherein the sub-
ablation voltage is sufficient to induce collagen depo-
sition at the location of the wrinkle, whereby the
wrinkle is removed or reduced.

18. The method of claim 17, wherein the sub-ablation
voltage is a high frequency voltage in the range of from
about 20 volts RMS to 90 volts RMS.

19. The method of claim 17, wherein the wrinkle is on the
face or neck.

20. The method of claim 17, wherein the wrinkle is
around the eye or around the mouth.

21. The method of claim 17, wherein said step b) com-
prises electrosurgically channeling through an outer layer of
the skin at the location of the target wrinkle.

22. The method of claim 17, wherein said electrosurgical
channeling comprises ablating the skin in the vicinity of the
active electrode.

23. The method of claim 22, wherein said ablating the
skin comprises applying an ablation voltage between the
active clectrode and the return electrode.
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24. The method of claim 23, wherein the ablation voltage
is a high frequency voltage in the range of from about 200
volts RMS to 1000 volts RMS.

25. A method for removing or reducing wrinkles on the
skin of a patient, comprising:

a) providing a probe, the probe including a shaft having
a shalt distal end, an active electrode at the shaft distal
end, and a return clectrode spaced from the active
clectrode;

b) subcutaneously accessing the patient’s dermis with the
shaft distal end, wherein the active electrode is posi-
tioned in at least close proximity to a wrinkle targeted
for treatment; and

c) applying a sub-ablation voltage between the active
electrode and the return electrode, the sub-ablation
voltage effective in removing or reducing the wrinkle
targeted for treatment.

26. The method of claim 25, wherein said step b) com-

prises:

d) advancing the shaft distal end in a first direction
through the epidermis toward the subcutis until the
shaft distal end is positioned subcutaneously;

¢) advancing the shaft distal end in a second direction
from the subcutaneous position toward the epidermis;
and

f) positioning the active electrode within the dermis.

27. The method of claim 26, wherein the shaft distal end
is transformable between a linear configuration and a curved
configuration, and wherein said step d) is performed with the
shalt distal end in the linear configuration.

28. The method of claim 27, further comprising:

g) prior 1o said step ¢), transforming the shaft distal end

to the curved configuration.

29. The method of claim 26, wherein the shaft distal end
is steerable, and said step b) comprises steering the shaft
distal end toward the dermis.

30. The method of claim 26, wherein said step ) com-
prises positioning the active electrode within the dermis at
the location of the wrinkle targeted for treatment.

31. The method of claim 26, wherein said step d) com-
priscs:

h) introducing an introducer needle into the skin; and

i) passing the shaft distal end through the introducer

needle.

32. The method of claim 25, wherein said step b) com-
prises: positioning the active electrode in the dermis beneath
a first region of the wrinkle targeted for treatment.

33. The method of claim 32, further comprising:

1) after said step ¢), repositioning the active electrode in
the dermis beneath an additional region of the wrinkle
targeted for treatment, and thereafter repeating said
step ¢).

34. The method of claim 25, wherein said step ¢) induces
collagen deposition in the dermis at a location beneath the
wrinkle targeted for treatment.

35. The method of claim 25, wherein the sub-ablation
voltage has a frequency in the range of from about 50 kHz

to 500 kHz.
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36. The method of claim 35, wherein the sub-ablation
voltage is at a level in the range of from about 20 volts RMS
1o 90 volts RMS.

37. The method of claim 25, wherein the wrinkle is on the
face or neck.

38. The method of claim 25, wherein the wrinkle is
around the eye or around the mouth.

39. A method for treating the skin of a liposuction patient,
comprising:

a) providing a probe, the probe including a shaft having
a shaft distal end, an active electrode at the shafl distal
end, and a return electrode spaced from the active
electrode;

b) after the liposuction has been performed, positioning
the active electrode in at least close proximity to the
dermis in the region of the liposuction; and

¢) applying a sub-ablation voltage between the active
clectrode and the return electrode, the sub-ablation
voltage effective in shrinking the skin in the region of
the liposuction.

40. The method of claim 39, wherein the probe further
includes an electrically insulating electrode support having
a treatment surface, the active electrode disposed on the
treatment surlace.

41. The method of claim 40, wherein the treatment surface
and the active electrode are arranged laterally on the shaft
distal end.

42. The method of claim 40, wherein the active electrode
comprises a plurality of electrode terminals, each of the
plurality of clectrode terminals flush with the treatment
surface.

43. The method of claim 42, wherein each of the plurality
of electrode terminals comprises a material selected from the
group consisting of tungsten, stainless steel, gold, platinum,
titanium, molybdenum, nickel, and their alloys.

44. The method of claim 42, wherein each of the plurality
of clectrode terminals comprises gold.

45. The method of claim 39, wherein said step b) com-
prises accessing the dermis subcutaneously.

46. The method of claim 39, wherein the sub-ablation
voltage is a high [requency voltage in the range of from
about 20 volts RMS to 90 volts RMS.

47. The method of claim 39, wherein said step c) effects
contraction of collagen fibers in the dermis.

48. The method of claim 39, wherein said step ¢) effects
localized heating of the dermis to a temperature in the range
of from about 60° C. to 70° C.

49. A method for performing a face-lift or a neck-lift
procedure on a patient, comprising:

a) removing a quantity of excess tissue from the face or
neck

b) providing a probe, the probe including a shaft having
a shaft distal end, an active electrode at the shaft distal
end, and a return electrode spaced from the active
clectrode;

¢) subcutaneously accessing the patient’s skin with the
shaft distal end, wherein the active electrode is posi-
tioned in at least close proximity to the dermis or
subcutis at a target site; and
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d) applying a sub-ablation high frequency voltage
between the active electrode and the return electrode,
the voltage effective in shrinking the skin in the vicinity
of the active electrode.

50. The method of claim 49, further comprising:

¢) during said step d), moving the active electrode over

the underside of the skin, wherein collagen fibers in the
dermis undergo contraction.

51. The method of claim 49, wherein said step ¢) com-

prises positioning the active electrode at a first location on

the underside of the skin, and the method further comprises:

f) after said step d), moving the active electrode to a
subsequent location on the underside of the skin; and

¢) repeating said step d) at the subsequent location.

52. The method of claim 49, wherein the shaft distal end
is steerable.

53. The method of claim 49, wherein the shaft distal end
is adapted for transformation between a linear configuration
and a curved configuration.

54. The method of claim 49, wherein the probe further
includes an electrically insulating electrode support dis-
posed at the shaft distal end, the electrode support having a
treatment surface, and the active electrode mounted within
the treatment surface.

55. The method of claim 54, wherein the active electrode
comprises a plurality of electrode terminals.

56. The method of claim 55, wherein each of the plurality
of electrode terminals is flush with the treatment surface.

57. The method of claim 56, wherein the electrode support
and the active electrode are arranged laterally on the shaft
distal end.

58. The method of claim 49, wherein said step a) com-
prises removing excess skin or excess adipose lissue.

59. The method of claim 58, wherein said step a) involves
clectrosurgical ablation of at least a portion of the excess
tissue.

60. The method of claim 59, wherein the probe is coupled
1o a high frequency power supply adapted for operation in an
ablation mode, and said step a) comprises applying a second
voltage between the active electrode and the return elec-
trode, wherein the second voltage is effective in ablating the
excess lissue.

61. The method of claim 49, wherein said step d) effects
the contraction of collagen fibers in the dermis.

62. The method of claim 49, wherein said step d) effects
heating of at least a portion of the dermis to a temperature
in the range of from about 60° C. to 70° C.

63. The method of claim 49, wherein said step ¢) com-
prises:

h) forming an incision in the skin on the face or neck to
provide a flap of skin; and

i) positioning the shaft distal end beneath the flap of skin.

64. The method of claim 63, further comprising:

1) prior to said step 1), elevating the flap of skin away from
the face or neck.

65. The method of claim 49, wherein said step ¢) com-
prises:
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k) advancing the shaft distal end through the skin from the
epidermis toward the subcutis until the shaft distal end
lies beneath the dermis; and

1) guiding the shaft distal end back toward the dermis.
66. The method of claim 49, wherein the shaft comprises
a needle-like rod, and wherein said slep ¢) comprises:

m) electrosurgically channeling through the skin by
applying an ablation level high frequency voltage
between the active electrode and the return electrode.

67. The method of claim 49, wherein the probe further

includes an aspiration unit for accommodating an aspiration
stream, and the method further comprises:

n) aspirating unwanted materials from the surgical site via

the aspiration stream.

68. The method of claim 67, wherein the probe further
includes an aspiration electrode adapted for digesting tissue
fragments present in the aspiration stream.

69. The method of claim 68, wherein the aspiration unit
includes an aspiration lumen and the aspiration electrode is
located within the aspiration lumen.

70. The method of claim 68, wherein the active electrode
is electrically isolated from the aspiration electrode, and the
return electrode is spaced proximally from the active elec-
trode.

71. The method of claim 49, wherein the probe further
includes a fluid delivery unit, and the method further com-
prises:

0) delivering an electrically conductive fluid to the shaft
distal end or to the target site via the fluid delivery unit,
wherein the electrically conductive fluid provides a
current flow path between the active electrode and the
return electrode.

72. The method of claim 49, wherein said step ¢) com-

prises:

p) introducing an introducer device into the skin; and

q) advancing the shaft distal end through the introducer
device.
73. An instrument for electrosurgically treating the skin of
a patient, comprising;

a shaft having a shaft distal end and a shaft proximal end;
and

an ¢lectrode assembly at the shaft distal end, wherein the
clectrode assembly comprises an electrically insulating
clectrode support, an active electrode terminal on the
clectrode support, and a return electrode spaced from
the active electrode terminal, and wherein the shaft
distal end is adapted for penetrating the skin to a
subcutaneous location, the shaft distal end is further
adapted for adopting a curved configuration, and the
instrument is adapted for guiding the active electrode
terminal from the subcutaneous location to a sub-
cpidermal location within the skin.

74. The instrument of claim 73, wherein the shaft is
adapted for transformation between a linear configuration
and the curved configuration.

75. The instrument of claim 73, wherein the shall distal
end is further adapted for undergoing selective deflection.

76. The instrument of claim 73, wherein the shalt has a
diameter in the range of from about 0.25 mm to 1.5 mm.
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77. The instrument of claim 73, wherein the shaft is 79. The instrument of claim 73, wherein the active elec-
adapted for passage through a hypodermic needle. trode terminal comprises gold.
78. The instrument of claim 73, wherein the active elec-
trode terminal comprises an electrode array. A
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