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(57) ABSTRACT

The present invention provides systems, apparatus and
methods for selective applying energy to a patient’s dermis
tissue to generate the growth of new collagen in this tissue,
while minimizing the cffect on the outer epidermis layer,
thereby minimizing or suppressing the wound healing phase
of the procedure. In one aspect of the invention, a method
includes positioning a first electrode adjacent to, or in
contact with, a region on or within a patient’s skin, and
applying a sufficient high frequency voltage between the
first electrode and a second electrode to create a heat injury
to a target tissue within the patient’s dermis layer without
ablating the epidermis layer overlying the targel lissue.
Typically, the voltage applied to the first and second ¢lec-
trodes is sufficient to induce heating of the dermis layer to
about 60°-80° C., preferably about 65°-75° C. This induced
healing causes the patient’s body to undergo a wound
healing response in the slightly inflamed tissue of the
dermis. The wound healing process involves the generation
of neo-collagen in the dermis layer, which fills in the wrinkle
in the patient’s skin.
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SYSTEMS AND METHODS FOR INTRADERMAL
COLLAGEN STIMULATION

RELATED APPLICATIONS

[0001] The present invention derives priority from U.S.
Provisional Patent Application No. 60/151,484 filed Aug.
30, 1999 and U.S. patent application Ser. Nos. 08/977,845
and 081942,580, filed Nov. 25, 1997, and Oct. 2, 1997,
respectively (attorney docket nos. D-2, and 16238-001300),
respectively, which are continuation-in-parts of U.S. appli-
cation Ser. No. 08/562,332, filed Nov. 22, 1995, the com-
plete disclosures of which are incorporated herein by refer-
ence for all purposes.

[0002] The present invention is also related to commonly
assigned co-pending U.S. patent application Ser. No.
08/990,374, filed Dec. 15, 1997 (Attorney Docket No. E-3),
which is a continuation-in-part of U.S. patent application
Ser. No. 08/485,219, filed on Jun. 7, 1995, now U.S. Pat. No.
5,697,281 (Attorney Docket 16238-000600), patent appli-
cation Ser. Nos. 09/109,219, 09/058,571, 09/248,763,
08/874,173 and 09/002,315, filed on Jun. 30, 1998, Apr. 10,
1998, Feb. 12, 1999, Jun. 13, 1997, and Jan. 2, 1998,
respectively (Attorney Docket Nos. CB-1, CB-2, CB-7,
16238-005600 and C-9, respectively) and U.S. patent appli-
cation Ser. No. 09/054,323, filed on Apr. 2, 1998 (Attorney
Docket No. E-5), U.S. patent application Ser. No. 09/010,
382, filed Jan. 21, 1998 (Attorney Docket A-6), and U.S.
patent application Ser. No. 09/032,375, filed Feb. 27, 1998
(Attorney Docket No. CB-3), U.S. application Ser. No.
08/942,580, filed on Oct. 2, 1997 (Attorney Docket No.
16238-001300), U.S. application Ser. No. 08/753,227, filed
on Nov. 22, 1996 (Docket 16238-002200), U.S. application
Ser. No. 08/687792, filed on Jul. 18, 1996 (Docket No.
16238-001600), and PCT International Application, U.S.
National Phase Serial No. PCT/US94/05168, filed on May
10, 1994, now U.S. Pat. No. 5,697,909 (Attorney Docket
16238-000440), which was a continuation-in-part of U.S.
patent application Ser. No. 08/059,681, filed on May 10,
1993 (Attorney Docket 16238-000420), which was a con-
tinuation-in-part of U.S. patent application Ser. No. 07/958,
977, filed on Oct. 9, 1992 (Attorney Docket 16238-000410)
which was a continuation-in-part of U.S. patent application
Ser. No. 07/817,575, filed on Jan. 7, 1992 (Attorney Docket
16238-00040), the complete disclosures of which are incor-
porated herein by reference for all purposes. The present
invention is also related to commonly assigned U.S. Pat. No.
5,697,882, filed Nov. 22, 1995 (Attorney Docket 16238-
000700), the complete disclosure of which is incorporated
herein by reference for all purposes.

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 treat a patient’s skin and subcutaneous tissue, particularly
including skin resurfacing procedures.

[0004] In early dermatology procedures, cosmetic sur-
geons often employed chemical peels and/or dermabrasion
techniques to remove outer layers of the patient’s skin to
rejuvenate wrinkled skin or to remove skins disorders, such
as acne, lesions, early skin cancer, etc. These dermabrasion
and chemical procedures, however, are difficult to control,
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requiring great surgical skill. In addition, these somewhat
inelegant techniques often cause excessive bleeding, collat-
eral tissue damage and patient discomfort.

[0005] In an effort to overcome some of the limitations of
dermabrasion and chemical peels, lasers have been devel-
oped for use in cosmetic surgery. Lasers have improved the
accuracy of skin resurfacing procedures, and they have
reduced collateral damage to the tissue surrounding and
underlying the treatment site. In laser dermatology applica-
tions, a handpiece is typically used to guide the output of a
laser to the patient’s skin, and to form a laser spot of a
desired size on the region of the skin which is to be treated.
The handpiece is typically attached to one end of an articu-
lated arm which transmits the output of a medical laser (such
as CO, or Er: YAG lasers) to the handpiece and allows the
handpiece a wide range of motion.

[0006] Although initially encouraging, lasers suffer from a
number of drawbacks in dermatology procedures. In the first
place, laser equipment can be very expensive because of the
costs associated with the laser light sources. Moreover, those
lasers which permit acceptable depths of necrosis (such as
excimer lasers, erbium:YAG lasers, and the like) provide a
very low volumetric ablation rate, requiring numerous
passes over the same treatment arca which amounts to
longer procedural times. In addition, erbium:YAG lasers
generally do not provide effective hemostasis during the
procedure, resulting in excessive bleeding which disrupts
the surgeon’s view of the treatment site. The CO, lasers
provide a higher rate of ablation and an increased depth of
tissue necrosis than their erbium: YAG counterparts. On the
other hand, CO, lasers often create significant residual
thermal injury to tissue at and surrounding the treatment site,
which requires long healing periods for the patient. In
addition, CO, lasers are associated with much pain and,
therefore, require a lot of anesthesia, which increases the
cost and length of the procedure.

[0007] Monopolar electrosurgical instruments have been
used to effect electrodessication of abnormalities, such as
lesions, skin tags, viral warts, pigment nevi, moles and skin
cancer. For example, Conmed Corporation manufacturers a
monopolar device, termed the Hyfrecator™ having a single
active electrode at the tip of an electrosurgical probe. In
these procedures, the skin abnormality is typically removed
with a scalpel, and a low voltage is applied to the active
clectrode in contact with the target tissue to deliver electric
current through the tissue and the patient to a dispersive pad
or indifferent electrode. The voltage desiccates the remain-
ing abnormal tissue, and coagulates severed blood vessels at
the target site. The remaining tissue is then removed with a
sponge or similar material. The voltage generally must be
low enough to prevent charring and potential scarring of the
underlying dermis.

[0008] These clectrosurgical devices and procedures,
however, suffer from a number of disadvantages. For
example, conventional electrosurgical cutting devices typi-
cally operate by creating a voltage difference between the
active electrode and the target 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 stcam, thereby
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producing a “cutting 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 1o other portions of the patient’s body. In
addition, the tissue is parted along the pathway of evapo-
rated cellular fluid, inducing undesirable collateral tissue
damage in regions surrounding the target tissue site.

[0009] Another disadvantage with current techniques of
skin resurfacing is that these techniques typically require the
ablation or removal of all or at least a portion of the patient’s
epidermis layer. Removing the epidermis provides some
beneficial effects, such as allowing for the creation of a
neo-epidermis, removing or reducing sun discolorations and
improving the superficial skin texture. However, this
removal of the epidermis layer necessitates the use of wound
dressing until a new epidermis is created, which greatly
increases the pain and lengthens the healing time of the
procedure.

SUMMARY OF THE INVENTION

[0010] The present invention provides systems, apparatus
and methods for selectively applying electrical energy to
structures on the external surface of a patient’s body. The
systems and methods of the present invention are particu-
larly useful in skin resurfacing, i.c., removing or reducing
wrinkles in the patient’s dermis tissue. The techniques of the
present invention generally involve the selected application
of energy to the patient’s dermis tissue to generate the
growth of new collagen in this tissue, while minimizing the
energy applied to the outer epidermis layer, thereby mini-
mizing or suppressing the wound healing phase of the
procedure.

[0011] 1In one aspect of the invention, a method includes
positioning a first electrode adjacent to, or in contact with,
a region on or within a patient’s skin, and applying a
sufficient high {requency voltage between the first electrode
and a second electrode to create a heat injury to a target
tissue within the patient’s dermis layer without ablating the
epidermis layer overlying the target tissue. Typically, the
voltage applied to the first and second electrodes is sufficient
to induce heating of the dermis layer to about 60°-80° C.,
preferably about 65°-75° C. This induced heating causes the
patient’s body to undergo a wound healing response in the
slightly inflamed tissue of the dermis. The wound healing
process involves the generation of neo-collagen in the
dermis layer, which fills in the wrinkle in the patient’s skin.
In the present invention, this stimulation of collagen growth
within the dermis is accomplished while minimizing or
suppressing the damage caused to the outer epidermis laver,
which reduces the overall pain and wound healing time for
the patient.

[0012] In one embodiment, the first and second electrodes
are positioned on the outer surface of the patient’s skin, and
high frequency voltage is applied therebetween. The elec-
trodes are spaced, sized and otherwise configured such that
an electric current passes from the first electrode, through
the epidermis layer to the target tissue in the dermis layer,
and 1o the second electrode. Specifically, electrodes are
selected with large surface areas that present a substantially
uniform current density to minimize high current densities at
the electrode surfaces, thereby generating a maximum cur-
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rent density within the dermis. The electrodes are spaced a
sufficient distance to allow the electric current to penetrate
the epidermis and pass through the dermis. In a preferred
embodiment, the electrodes are positioned on either side of
a wrinkle in the patient’s skin, and translated along the
length of the wrinkle as high frequency voltage is applied
therebetween.

[0013] In the representative embodiment, the first and
second electrodes comprise spherical or hemispherical elec-
trodes coupled to electrode support members that separate
the electrodes from each other by a selected distance,
typically about 5 to 20 em. The spherical electrodes have a
smooth outer surface to minimize current densities on this
surface and to provide a homogenous current distribution
around the electrodes. The electrode support members typi-
cally comprise a conductive shaft surrounded by an insulat-
ing jacket, or an insulating shaft that houses the electrical
connections. The electrode support members service 1o
clectrically and mechanically couple the electrodes to a
probe or handpiece for manipulation by the physician. The
handpiece or probe is, in turn, coupled to a high frequency
power supply for applying high frequency voltage through
the handpiece to the electrodes. In one embodiment, the
distance between the electrodes may be varied by the
physician through an input control on the handpiece.

[0014] In a specific configuration, electrically conductive
fluid is provided between cach of the first and second
electrodes and the patient’s skin to improve the contract
between the electrodes and the skin. In one embodiment, an
electrically conductive gel is applied to the skin surface to
create a low impedance current path through the gel. In
another embodiment, a conductive hydrogel is coated on the
clectrode surfaces. The hydrogel may also be soaked within
a conductive fluid, such as isotonic saline, 1o create a
slippery conductive interface with the patient’s skin, while
minimizing skin surface conduction. The hydrogel does not
retain as much heat as a conventional gel on the skin, which
reduces the thermal injury to the patient’s skin.

[0015] In another embodiment, the first electrode is
advanced through the patient’s epidermis layer to the under-
lying dermis layer, and high frequency voltage is applied
between the first and second electrodes to effect heating of
the dermis layer. In this embodiment, the first electrode
functions as an active electrode and the second electrode
functions as the return electrode. The first electrode com-
prises a sharp tapered distal end for mechanically advancing
a portion of the electrode through the skin to the dermis
layer. The second or return electrode may be a dispersive
return pad positioned on the surface of the patient’s skin. In
another embodiment, the second electrode is also advanced
through the patient’s epidermis layer to the underlying
dermis such that the electric current is confined to the dermis
layer. In these embodiments, both eclectrodes may have
similar shapes, and thus, both function as active or bi-active
clectrodes. In some embodiments, additional active and/or
return electrodes may be advanced into the patient’s skin to
more precisely control the heat injury within the dermis.

[0016] In a specific configuration, an electrode array of
needle-shaped electrodes are advanced through the epider-
mis into the underlying dermis. The outer periphery of
needle electrodes have a separate polarity from one or more
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of the inner electrodes to cause current flow therebetween.
This configuration confines the current flow to an areca
within the electrode array.

[0017] In the representative embodiment, an electrosurgi-
cal probe or handpiece comprises a shaft or handle coupled
to an electrode support at the distal end of the shaft or
handle. The electrode support mechanically and electrically
couples an electrode assembly to the probe or handpiece.
The electrode assembly comprises an array of needle shaped
electrodes designed for advancing through the patient’s skin.
In this embodiment, the needle shaped electrodes include a
proximal insulated portion for minimizing electric contact
with the epidermis, and a distal exposed portion for applying
electric current to the underlying dermis. In some embodi-
ments, the probe will include a stop or other mechanism for
controlling the depth of penetration of the electrodes in the
patient’s skin.

[0018] 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

[0019] FIG. 1 is a perspective view of an electrosurgical
system according to the present invention incorporating a
high frequency power supply and an electrosurgical inven-
tion for treating the patient;

[0020] FIG. 2 is a perspective view of one electrosurgical
probe or handpiece according to the present invention;

[0021] FIG. 3 is an enlarged view of an electrode assem-
bly of the probe of FIG. 2, illustrating a method of treating
wrinkles according to the present invention;

[0022] FIG. 4 is an alternative embodiment of the probe
of FIG. 2, incorporating a fluid delivery tube;

[0023] FIG. 5 is a perspective view of a second electrode
assembly according to the present invention;

[0024] FIG. 6 is an enlarged view of the electrode assem-
bly of FIG. 5, illustrating another method of treating
wrinkles according to the present invention;

[0025] FIG. 7 is an end view of a third electrode assembly
according to the present invention; and

[0026] FIG. 8 is an end view of a fourth electrode assem-
bly according to the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0027] The present invention provides systems and meth-
ods for selectively applying electrical energy lo a larget
location within or on a patient’s body, particularly including
procedures on an external body surface, such as collagenous
tissue within the eye and epidermal and dermal tissues in the
skin. For convenience, the remaining disclosure will be
directed specifically to the stimulation of collagen growth in
the epidermis or dermis. However, it will be appreciated that
the system and method can be applied equally well to
procedures involving other tissues of the body, as well as to
other procedures including open procedures, intravascular
procedures, interventional cardiology procedures, urology,
laparascopy, arthroscopy, thoracoscopy or other cardiac pro-
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cedures, cosmetic surgery, orthopedics, gynecology, otorhi-
nolaryngology, spinal and neurologic procedures, oncology
and the like.

[0028] The present invention applies high frequency (RF)
electrical energy to one or more active electrodes adjacent an
external body surface, such as the outer surface of the skin,
to modify the structure of tissue structures within the skin.
The techniques of the present invention generally involve
the selected application of energy to the patient’s dermis
tissue to generate the growth of new collagen in this tissue,
while minimizing the cffect on the outer epidermis layer,
thereby minimizing or suppressing the wound healing phase
of the procedure.

[0029] In one aspect of the invention, a method includes
positioning a first electrode adjacent to, or in contact with,
a region on or within a patient’s skin, and applying a
sufficient high frequency voltage between the first electrode
and a second electrode to create a heat injury to a target
tissue within the patient’s dermis layer without ablating the
epidermis layer overlying the target tissue. In these proce-
dures, it is desirable to stimulate the growth of neo-collagen
in the tissue layers underlying the epidermal tissue. Thus, the
temperature of the electrode terminal(s) are carefully con-
trolled such that sufficient thermal energy is transferred to
these underlying layers to contract, damage or otherwise
injure these layers such that the body regrows collagen in
this region. 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 electrically conducting fluid within the
dermis. Collagen growth within the skin typically occurs
after the arca has been heated to temperatures in the range
of about 40° C. to about 65° C.

[0030] The electrosurgical instrument of the present
invention comprises a shaft or a handpiece having a proxi-
mal end and a distal end which supports one or more
electrode(s). The shaft or handpiece may assume a wide
variety of configurations, with the primary purpose being to
mechanically support the electrode(s) and permilt the treating
physician to manipulate the electrode(s) from a proximal
end of the shaft. For cosmelic surgery or dermatology
procedures, the shaft will have any suitable length and
diameter that would facilitate handling by the surgeon.

[0031] The active electrode(s) are preferably supported by,
or within, an insulating support positioned near the distal
end of the instrument shaft. The device may include two or
more active electrode(s) that function as the active and the
return portion of the electrical circuit (similar to the bi-active
electrodes on conventional bipolar forceps). Alternatively,
one or more of the electrode(s) may be sized and shaped to
function more as a return electrode, with little or no current
densities on the surface of the return electrode. In these
embodiments, the return electrode may be located on the
instrument shaft, on another instrument, or on the external
surface of the patient (i.e., a dispersive pad). In most
applications, applicant has found that it is preferably to have
the return electrode on or near the shaft of the instrument to
confine the electric currents to the target site. In some
applications and under certain conditions, however, the
invention may be practiced in a monopolar mode, with the
return electrode attached to the external surface of the
patient. The proximal end of the instrument will include the
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appropriate clectrical connections for coupling the return
clectrode(s) and the active electrode(s) to a high frequency
power supply, such as an electrosurgical generator.

[0032] The voltage applied between the return electrode
and the electrode array will be at high or radio frequency,
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 600 kHz, in some embodiments
less than 350 kHz, and, in exemplary embodiments between
about 100 kHz and 200 kHz. The RMS (rool mean square)
voltage applied will usually be in the range from about 5
volts to 1000 volts, preferably being in the range [rom about
10 volts to 500 volts depending on the electrode sizes, the
operating frequency and the operation mode of the particular
procedure or desired effect on the tissue (i.e., contraction).
Typically, the peak-to-peak voltage will be in the range of 10
to 2000 volts and preferably in the range of 20 to 800 volts
(again, depending on the electrode size, the operating fre-
quency and the operation mode).

[0033] 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 about 10 to 20 Hz). In addition, the duty
cycle (i.e., 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 cyele of about 0.0001%.

[0034] The preferred power source of the present inven-
tion delivers a high [requency current selectable to generate
average power levels ranging from several milliwatts to tens
of watts per electrode, depending on the volume of target
tissue being heated, the total number of electrode(s) and/or
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
procedure. A description of a suitable power source can be
found in U.S. patent application Ser. No. 09/058,571, filed
on Apr. 10, 1998 (Attorney Docket No. CB-2), the complete
disclosure of which has been previously incorporated herein
by reference.

[0035] Referring to FIG. 1, an clectrosurgical system 2
generally comprises an electrosurgical handpiece or probe
10 connected to a power supply 28 for providing high
frequency voltage to a target site. Probe 10 generally
includes a proximal handle 12 and an elongate shaft 14 for
supporting an electrode assembly 16 at the distal end of shaft
14. A connecting cable 18 has a connector 22 for electrically
coupling the electrodes in electrode assembly 16 to power
supply 28. Power supply 28 has an operator controllable
voltage level adjustment 30 to change the applied voltage
level, which is observable at a voltage level display 32.
Power supply 28 also includes an operator input, preferably
a foot pedal 38, and a cable 36 which removably couples
foot pedal 38 to power supply 28. The foot pedal 38 allows
the surgeon to remotely adjust the energy level applied to
electrode assembly 16. 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
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found that foot pedals are convenient methods of controlling
the power supply while manipulating the probe during a
surgical procedure.

[0036] The power supply generally comprises a radio
frequency (RF) power oscillator (not shown) having output
connections for coupling via a power oulput signal to the
load impedance, which is represented by the electrode
assembly when the electrosurgical probe is in use. In the
representative embodiment, the RF oscillator operates at
about 100 kHz. The RF oscillator is not limited to this
frequency and may also operate at frequencies of about 300
kHz to 600 kHz. The RF oscillator will generally supply a
square wave signal with a crest factor of about 1 to 2. Of
course, this signal may be a sine wave signal or other
suitable wave signal depending on the application and other
factors, such as the voltage applied, the number and geom-
etry of the electrodes, etc. The power output signal is
designed to incur minimal voltage decrease (i.c., sag) under
load. This improves the applied voltage to the electrode
terminals and the return electrode, which improves the rate
of volumeltric removal (ablation) of tissue.

[0037] Power is supplied to the oscillator by a switching
power supply (not shown) coupled between the power line
and the RF oscillator rather than a conventional transformer.
The switching power supply allows the generator to achieve
high peak power output without the large size and weight of
a bulky transformer. The architecture of the switching power
supply also has been designed to reduce electromagnetic
noise such that U.S. and foreign EMI requirements are met.
This architecture comprises a zero voltage swilching or
crossing, which causes the transistors to turn ON and OFF
when the voltage is zero. Therefore, the electromagnetic
noise produced by the transistors swilching is vastly
reduced. In an exemplary embodiment, the switching power
supply operates at about 100 kHz.

[0038] A controller (not shown) coupled to the operator
controls (i.c., foot pedals and voltage selector) and display,
is connected to a control input of the switching power supply
for adjusting the generator output power by supply voltage
variation. The controller may be a microprocessor or an
integrated circuit. The power supply may also include one or
more sensors for detecting the output current or voltage. The
power supply is preferably housed within a metal casing
which provides a durable enclosure for the electrical com-
ponents therein. In addition, the metal casing reduces the
clectromagnetic noise generated within the power supply
because the grounded metal casing functions as a “Faraday
shield”, thereby shielding the environment from internal
sources of electromagnetic noise.

[0039] The power supply generally comprises a main or
mother board containing generic electrical components
required for many different surgical procedures (e.g.,
arthroscopy, urology, general surgery, dermatology, neuro-
surgery, etc.), and a daughter board containing application
specific current-limiting circuitry (e.g., inductors, resistors,
capacitors and the like). The daughter board is coupled to the
mother board by a detachable multi-pin connector to allow
convenient conversion of the power supply to, e.g., appli-
cations requiring a different current limiting circuit design.

[0040] 1In some embodiments, current limiting inductors
are placed in series with each independent active electrode,
where the inductance of the inductor is in the range of 10 ul
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to 50,000 uH, depending on the electrical properties of the
target tissue, the desired tissue heating rate and the operating
frequency. Alternatively, capacitor-inductor (LC) 30 circuit
structures may be employed, as described previously in U.S.
Pat. No. 5,697,909, the complete disclosure of which is
incorporated herein by reference. Additionally, current lim-
iting resistors may be selected. Preferably, these resistors
will have a large positive temperature coefficient of resis-
tance 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 conductive gel), the resis-
tance of the current limiting resistor increases significantly,
thereby minimizing the power delivery from said electrode
terminal into the low resistance medium (e.g., saline irrigant
or conductive gel).

[0041] The power output signal may also be coupled to a
plurality of current limiting elements, which are preferably
located on the daughter board since the current limiting
clements may vary depending on the application. In the
representative embodiment, the current limiting elements
are inductors having an inductance in the range of about 100
to 5000 microhenries, with the particular value depending
on the electrode terminal dimensions, the desired ablation
rates, and the like. Capacitors having capacitance values in
the range of about 200 to 10,000 picofarads may also be used
as the current limiting elements. It would also be possible to
use resistors as current limiting elements. The current lim-
iting elements any also be part of a resonant circuit structure,
as described in detail in the "909 patent.

[0042] Referring now to FIG. 2, an exemplary electrosur-
gical probe 10 comprises a shaft or disposable tip 13
removably coupled to a proximal handle 12.). Probe 10 will
typically include a coding resistor (not shown) having a
value selected to program different output ranges and modes
of operation for the power supply 28. This allows a single
power supply to be used with a variety of different probes in
different applications (e.g., skin resurfacing, tissue incision,
tissue ablation, tissue heating, etc). Disposable tip 13
includes a proximal housing 15 designed for coupling with
handle 12, and a distal working portion 17 for treating the
patient. In this embodiment, the distal working portion 17
includes a shaft 19 extending from proximal housing 15 and
an electrode assembly 23 extending from the distal end of
shaft 19. Tip 13 and handle 12 typically comprise a plastic
material that is easily molded into a suitable shape for
handling by the surgeon. Handle 12 defines an inner cavity
(not shown) that houses the electrical connections (not
shown), and provides a suitable interface for connection to
electrical connecting cable 18 (see FIG. 1). In the exemplary
embodiment, handle 12 is constructed of a steam autoclav-
able plastic or metal (e.g., polyethylether keytone, or a stable
metal alloy containing aluminum and/or zinc) so that it can
be re-used by sterilizing handle 12 between surgical proce-
dures. High service temperature materials are preferred,
such as a silicone cable jacket and a poly-ether-imide
handpicce or ULTEM® that can withstand a repeated expo-
sure to high temperatures. A more complete description of a
suitable handle can be found in commonly-assigned co-
pending application Ser. No. 08/977,845 (D-2), previously
incorporated herein by reference.

[0043] Referring now to FIG. 3, electrode assembly 23
preferably comprises first and second electrodes 150, 152
cach coupled to an electrically insulating support member
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154, 156, respectively, that extends from the distal end of
shaft 19 (FIG. 2). Support members 154, 156 are preferably
configured to extend at an angle to the shaft axis such that
electrodes 150, 152 are spaced from each other. Electrodes
150, 152 are preferably spaced a sufficient distance to allow
current flow 162 from one of the electrodes, through the
patient’s dermis layer, to the other of the clectrodes (dis-
cussed in more detail below). In the representative embodi-
ment, electrodes 150, 152 are spaced a distance of about 5
to 30 mm. In alternative embodiments, the spacing of the
electrodes 150, 152 may be varied by the physician. This can
be accomplished in a variety of manners, e.g., allowing axial
movement of the electrode assembly 23 relative to shaft 19
to change the angle of support members 154, 156.

[0044] Electrodes 150, 152 have a relatively large surface
arca and shape that will present a uniform current density
and minimize or eliminate any sharp edges or irregular
surfaces that would generate high current densities at the
electrode surfaces. As shown in the representative embodi-
ment, electrodes 150, 152 are spherical, and have a diameter
in the range of about 1 to 20 mm. Of course, the size and
shape of the electrodes will, at least in part, depend on the
application (i.c., the location of the skin to be treated) and
the voltage applied. For example, electrodes may have a
variety of shapes, such as hemispherical, concave, convex,
planar and the like. Alternatively, the electrodes may be
substantially flush with the electrode support 1o minimize
current densities at the electrode surfaces. In this embodi-
ment, both electrodes 150, 152 almost function as return
electrodes in the sense that they do not ablate or otherwise
treat the skin immediately adjacent to, or in contract with,
the electrodes 150, 152.

[0045] In use, electrodes 150, 152 are positioned adjacent
1o, or in contact with, a target arca on the patient’s skin. In
some embodiments, electrodes 150, 152 will be positioned
so as to straddle a wrinkle 160 in the patient’s skin. High
frequency voltage is then applied from the power supply 28
to the electrodes 150, 152 such that an electric current passes
from one of the electrodes, through the epidermis 164 and
the dermis 166, to the other electrode. With the electrode
assembly described in FIG. 3, the voltage level is about
1o volts peak-to-peak, typically
about 1o volts peak-to-peak. In some
embodiments, the voltage difference will be sufficient to
elevate the tissue temperature from normal body tempera-
tures (e.g., 37° C.) to temperatures in the range of 45° C. to
90° C., preferably in the range from 55° C. to 70° C. and, for
the case of skin, preferably in the range of about 60° C. 10
80° C. This temperature elevation causes sufficient damage
to the collagen connective fibers to enhance or stimulate
regrowth of new collagen fibers in the underlying lissue.

[0046] Electric current generally flows through low
impedance paths, and will concentrate in highly hydrated
tissue or organs (e.g., vessels, muscles, etc). The dermis
layer is substantially more conductive than the epidermis.
Therefore, most of the clectric current 164 between elec-
trodes 150, 152 will rapidly pass through the epidermis 164
and flow through the lower impedance dermis 166, as shown
in FIG. 3. The large, uniform surface area of the electrodes
150, 152 allows current to be injected through the epidermis
layer to the dermis with minimal heat generation at the high
impedance epidermis. Thus, the maximum current density
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will be observed in the dermis. This allows the physician to
create a controlled dermis heat injury, while minimizing the
damage 1o the epidermis.

[0047] During the procedure, the physician preferably
translates the electrodes 150, 152 in a direction parallel to
the wrinkle 160 to cause a heat injury in the dermis along the
entire length of the wrinkle. The rate of movement of the
electrodes will have an effect on the amount of energy
delivered to the dermis as temperature or heating is a
function of the time in which heat is applied. Of course, this
effect will also depend on the voltage level, the distance
between the electrodes and the size and shape of the elec-
trodes. In the configuration described above, the electrodes
150, 152 are preferably translated at a rate of about 0.510 5.0
m/s.

[0048] In some embodiments, an electrically conductive
fluid will be applied at, or delivered 1o, the interface between
the electrodes 150, 152 and the skin surface to improve the
electrical contact therebetween and thus further reduce the
heat generated at the epidermis. In one embodiment, an
electrically conductive gel is applied to the skin surface to
creale a low impedance current path through the gel. In
another embodiment, the electrode surfaces are coated with
a highly conductive hydrogel. In one embodiment, the
hydrogel is soaked with saline either using a very slow drip
or by soaking the electrodes in a small saline bath prior to
use. The hydrogel creates a slippery, conductive interface
with the skin, while minimizing skin surface conduction. In
addition, the saline (which can be cooled) will help to
prevent heating of the hydrogel, reducing thermal injury to
the skin surface from heated gel.

[0049] In an alternative embodiment, electrically conduc-
tive fluid is delivered to the target site to increase the
conductivity between electrodes 150, 152 and the epidermis.
As shown in FIG. 4, probe 10 includes a fluid tube 110 for
delivering electrically conductive fluid to the target site.
Fluid tube 110 is sized to extend through a groove 114 in
handle 13 and through the inner cavity of tip 13 to a distal
opening 114 located adjacent shaft 19. Tube 110 extends all
the way through the inner cavity to opening 114 to eliminate
any possible fluid ingress into the cavity. Fluid control may
be provided by a variety of input and valve devices, such as
swilches, buttons, etc. The probe may further include a
suction lumen (not shown) for aspirating excess fluid,
bubbles or blood from the target site during the procedure.

[0050] In another embodiment, the electrodes 150, 152 are
rotatably coupled to support members 154, 156 to allow for
rotation. In a preferred embodiment, electrodes 150, 152
rotate freely in a socket (not shown), and saline or conduc-
tive gel is injected through the socket to improve the
conductivity at the electrode/skin interface.

[0051] Referring now to FIGS. 5-8, another embodiment
of the present invention is illustrated. As shown in FIG. 5,
a disposable tip 200 comprises an electrode support 202
coupled to an electrode assembly 204. The electrode support
202 includes a mechanical connection (not shown) for
attaching disposable tip to an instrument (not shown), such
as the instruments described above or other suitable hand-
pieces or probes designed for handling by the physician.
Electrode support 202 further includes the necessary elec-
trical connections (not shown) for coupling electrode assem-
bly 204 to a power supply through a handpiece or probe. As
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shown, electrode assembly 204 comprises three needle
shaped electrodes 206, 208, 210 extending from three guards
212 that are attached to electrode support 202. As discussed
in detail below, guards 212 function as stops to prevent the
physician from advancing electrodes 206, 208, 210 beyond
a selected depth in the patient’s skin. Electrodes 206, 208,
210 will each include a proximal insulated portion 214 and
a distal exposed portion 216 for applying electric current 1o
the patient.

[0052] In use, electrode assembly 204 is positioned adja-
cent to the target area of the patient’s tissue. Electrodes 206,
208, 210 are then advanced through the epidermis 164 such
that the exposed portion 216 of each electrode is positioned
in the dermis 166 at a selected depth. In the representative
embodiment, electrodes 206, 208, 210 are advanced manu-
ally by the physician by advancing the entire disposable tip.
Guards 212 have larger diameters than clectrodes 206, 208,
210 such that physician will feel the additional resistance
when guards 212 are in contact with the outer skin surface
and the electrodes are in the selection position in the dermis.
In alternative embodiments, the electrodes may be axially
movable relative to the guards or the electrode support 202.
In these embodiments, the guards or electrode support are
placed against the patient’s skin, and the electrodes are then
advanced axially from the guards or electrode support a
selected distance into the patient’s skin.

[0053] The insulated portions 214 of each electrode help
prevent current from being applied to non-target areas in the
skin, such as the epidermis 164. The dimensions of the
electrodes and guards will, of course, depend on the appli-
cation, the voltage level and other factors. In the represen-
tative embodiment, clectrodes 206, 208, 210 will have an
exposed length in the range of about 0.5 to 10, and the
insulated portion will have a length in the range of about 0.5
1o 10. Electrodes 206, 208, 210 will taper down to a point 1o
facilitate the penetration into the tissue. The insulating
portion will typically comprise a conductive shaft sur-
rounded by an insulating member, which is typically formed
as one or more electrically insulating sheaths or coatings,
such as polytetrafluoroethylene, polyimide, and the like. The
provision of the electrically insulating jacket over the con-
ductive shaft prevents direct electrical contact between these
metal elements and any adjacent body structure, such as the
epidermis. Such direct electrical contact between a body
structure and an exposed electrode could result in unwanted
heating and necrosis of the structure at the point of contact
causing necrosis.

[0054] As shown in FIG. 6, the central electrode 208 has
an opposite polarity from the outer electrodes 206, 210 such
that electric current 162 flows between central electrode 208
and outer electrodes 206, 210 when a voltage is applied
therebetween. In this manner, the current is generally con-
fined to the immediate region around the electrodes which is
the target area ol the dermis 166. The voltage level will be
selected to induce heating of the dermis 166 to a temperature
in the range of about 60° to 80° C., typically about 65° to 75°
C., without causing necrosis, ablation or vaporization of the
tissue. As in previous embodiments, electrically conductive
fluid (e.g., saline) may be delivered to the target site to
modify the impedance of the tissue, if desired.

[0055] FIGS. 7 and 8 are distal end views of two more
embodiments of the disposable tip shown in FIG. 6. In these
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embodiments, tip 250 comprises an electrode support 252
and an electrode assembly 254 comprising an array of
electrodes 256 extending from support 252. In the embodi-
ment shown in FIG. 7, the array includes nine electrodes
256, each having a guard 212, a proximal insulated portion
214 and a distal exposed portion 216 as in the previous
embodiment. In FIG. 8, the array includes five electrodes
256, cach having a guard 212, a proximal insulated portion
214 and a distal exposed portion 216. In both embodiments,
the central electrode 260 will have an opposite polarity from
the rest of the electrodes 256 to provide electric current How
therebetween. Thus, the electric current is generally con-
fined to the region immediately surrounding the exposed
portions 216 of the electrodes 256. Of course, other con-
figurations are possible, such as providing the middle row or
column of electrodes with the same polarity such that
current flows between the two outer rows or columns and the
middle row/or column. Alternatively, the device may be
used in a monopolar modality with a dispersive return pad
(not shown) that functions as the return electrode. Applicant
has found, however, that the bipolar design helps to confine
the electric current to the target region and thus, minimizes
tissue damage that may occur with the monopolar design.

[0056] For particular applications, it may be desirable to
further reduce the tissue temperature of the electrode/skin
interface to further minimize damage to the epidermis layer.
In one embodiment, the electrically conductive fluid, typi-
cally isotonic saline, is cooled prior to its delivery to the
target site. Typically, the conductive fluid will be cooled to
a temperature in the range of about 0° C. to 20° C., usually
about 5° C. to 15° C. In addition, the probe may incorporate
suction near the tip so that the conductive fluid is withdrawn
from the target site after it has accomplished the function of
providing a conductive path between the electrodes and the
skin. These features accomplish two functions: (1) the
conductive fluid that reaches the target site is cooler, which
further reduces the tissue temperature; (2) as the electric
fields increase the temperature of the conductive fluid
around the electrodes, this hotter conductive fluid is aspi-
rated from the target site; and (3) a convective cooling
process is established by the cool fluid that moves through
the target site and back through the aspiration lumen.

What is claimed is:
1. A method for treating wrinkles in a patient’s skin
comprising:

positioning a first electrode adjacent to, or in contact with,
a region on or within the patient’s skin; and

applying a sufficient high frequency voltage difference
between the first electrode and a second electrode to
create a heal injury to a target tissue within the patient’s
dermis layer without ablating the epidermis layer over-
lying the target tissue.

2. The method of claim 1 further comprising positioning
the first and second electrodes adjacent to, or in contact with,
an outer surface of the patient’s skin and applying high
frequency voltage therebetween such that an electric current
passes from the first electrode through the epidermis layer to
the target tissue in the dermis layer, and to the second
electrode.

3. The method of claim 1 further comprising advancing
the first electrode through the patient’s epidermis layer to the
dermis layer before the applying step.
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4. The method of claim 3 further comprising positioning
the second electrode adjacent to, or in contact with, an outer
surface of the patient’s skin such that the electric current
passes from the first electrode, through the dermis layer and
the epidermis layer, to the second electrode.

5. The method of claim 3 further comprising advancing
the second electrode through the patient’s epidermis layer (o
the dermis layer such that the electric current passes from the
first electrode through the target tissue in the dermis layer
and to the second electrode without passing through the
epidermis layer.

6. The method of claim 1 wherein the high frequency
voltage difference is sufficient to generate a thermally
induced controlled inflammation in the target tissue within
the dermis to generate neo-collagen.

7. The method of claim 1 wherein the high frequency
voltage difference is sufficient to induce heating of the target
tissue in the dermis to about 60° C. to about 80° C.

8. A system for treating wrinkles in a patient’s skin
comprising;

an electrosurgical instrument having a shaft with a proxi-
mal end portion, a distal end portion and a first elec-
trode on the distal end portion;

a second electrode;

a power supply coupled to the first and second electrodes
for applying a high frequency voltage difference ther-
cbhetween; and

wherein the first and second electrodes are configured,
when a sufficient high frequency voliage difference is
applied therebetween, to create a heat injury to a target
tissue within the patient’s dermis layer without ablating
the epidermis layer overlying the target tissue

9. The system of claim 7 wherein the first and second
electrodes are sized and shaped to minimize the current
density at the surface of the first and second electrodes.

10. The system of claim 7 wherein the first electrode has
a sharpened distal end for piercing the patient’s skin and
advancing through the epidermis layer to the dermis layer.

11. The system of claim 9 wherein the second electrode is
a dispersive return pad configured for placement on the
patient’s outer skin surface.

12. The system of claim 9 wherein the second electrode
has a sharpened distal end for piercing the patient’s skin and
advancing through the epidermis layer to the dermis layer.

13. A method for treating wrinkles in a patient’s skin
comprising:

positioning first and second electrodes within a target
region in the dermis layer; and

applying a sufficient high frequency voltage difference
between the first and second electrodes to create a
thermally induced injury to the tissue in the target
region.

14. The method of claim 12 further comprising advancing
the first and second electrodes through the epidermis layer to
the dermis layer.

15. The method of claim 12 wherein the first and second
electrodes comprise needle-shaped electrodes having a dis-
tal exposed portion, and a proximal insulated portion.

16. The method of claim 12 further comprising position-
ing a third electrode within the target region of the dermis



US 2002/0087155 Al

layer and applying a high frequency voltage difference
between the third and first electrodes and between the first
and second electrodes.

17. The method of claim 12 further comprising position-
ing an array of electrodes within the target region of the
dermis layer and applying a high frequency voltage differ-
ence between the array of electrodes and the first electrode.

18. The method of claim 1 wherein the high frequency
voltage difference is sufficient to generate a thermally
induced controlled inflammation in the target tissue within
the dermis to generate neo-collagen.

19. The method of claim 1 wherein the high frequency
voltage difference is sufficient to induce heating of the target
tissue in the dermis to about 60° C. to about 80° C.

20. A device for treating tissue comprising:

an electrosurgical instrument having a proximal end por-
tion, a distal end portion and an electrode assembly on
the distal end portion; and

wherein the electrode assembly comprises at least first
and second clongate electrodes extending from the
instrument, each electrode having pointed distal ends
for piercing tissue, insulated proximal portions and
exposed distal portions, wherein the exposed distal
portions are axially spaced a substantially equivalent
distance from the instrument.

21. The device of claim 18 further comprising a third
clongate electrode extending from the instrument, wherein
the first, second and third electrodes are aligned with, and
spaced from, each other and the exposed distal portions are
axially spaced a substantially equivalent distance from the
instrument.

22. The device of claim 18 further comprising an array of
elongate electrodes extending from the instrument, wherein
each electrode has an exposed distal portion that is spaced
from the other exposed distal portions and spaced a sub-
stantially equivalent distance from the instrument.

23. The device of claim 18 wherein the electrodes each
have a guard portion proximal to the insulated proximal
portion, the guard portion having a diameter larger than the
insulated proximal portion and configured to function as a
stop to prevent the guard portion of the electrodes from
being advanced into the tissue.

24. A method for treating wrinkles in a patient’s skin
comprising:

positioning first and second electrodes adjacent to, or in
contact with, an outer surface of the patient’s skin; and

applying a sufficient high frequency voltage difference
between the first and second electrodes such that elec-
tric current flows from the first electrode through target
tissue in the patient’s dermis layer to the second
clectrode without ablating the epidermis layer overly-
ing the target tissue.

25. The method of claim 24 further comprising wherein
the positioning step is carried out by positioning the first and
second electrodes on either side of a wrinkle, the method
further comprising translating the electrodes along the
length of the wrinkle during the applying step.

26. The method of claim 24 further comprising spacing
the first and second electrodes a distance sufficient to cause
the electric current to pass through the epidermis into the
target tissue in the dermis laver.

27. The method of claim 24 further comprising spacing
the first and second electrodes about 5 to 20 em from each
other.
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28. The method of claim 24 further comprising minimiz-
ing current density in the epidermis during the applying step.

29. The method of claim 28 wherein the minimizing step
is carried out by selecting electrode shapes that provide a
homogenous current distribution around the electrodes.

30. The method of claim 24 wherein the first and second
electrodes comprise rounded shapes with substantially no
cdges.

31. The method of claim 24 further comprising providing
an electrically conductive fluid between the first and second
clectrodes and the outer surface of the patient’s skin.

32. The method of claim 31 wherein the providing step is
carried out by coating the surfaces of the electrodes with an
electrically conductive fluid.

33. The method of claim 24 [urther comprising coating
the electrode surfaces with an electrically conductive hydro-
gel and soaking the hvdrogel with an electrically conductive
liquid.

34. A system for treating wrinkles in a patient’s skin
comprising:

an electrosurgical instrument having a shaft with a proxi-
mal end portion, a distal end portion and a first elec-
trode on the distal end portion;

a second electrode;

a power supply for applying a high frequency voltage
difference between the first and second electrodes; and

wherein the electrodes are configured such that, when the
first and second electrodes are spaced from each other
adjacent to, or in contact with, an outer surface of a
patient’s skin and a sufficient high frequency voltage
difference is applied therebetween, electric current
passes from the first electrode through target tissue in
the patient’s dermis to the second electrode without
ablating the epidermis layer overlying the target tissue.

35. The system of claim 34 wherein the second electrode
is coupled to the electrosurgical instrument such that the first
and second clectrodes are spaced from each other by a
distance of about 5 to 20 cm.

36. The system of claim 34 wherein the second electrode
is coupled to the electrosurgical instrument such that the first
and second electrodes are axially spaced a substantially
equivalent distance from the instrument shaft.

37. The system of claim 34 further comprising a second
electrosurgical instrument having a proximal end portion
and a distal end portion, wherein the second electrode is
coupled to the distal end portion of the second instrument.

38. The system of claim 34 wherein the first and second
electrodes comprise rounded shapes with substantially no
edges.

39. The system of claim 34 wherein the first and second
electrodes comprise a spherical or hemispherical shape.

40. The system of claim 34 further comprising an elec-
trically conductive fluid located at the surfaces of the first
and second electrodes.

41. The system of claim 40 wherein the clectrically
conductive fluid comprises an electrically conductive hydro-
gel coated on the surfaces of the electrodes.

42. The system of claim 41 wherein the hydrogel is
soaked with an electrically conductive liquid.
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