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(57) ABSTRACT 

Systems and methods are provided for treating a discolored 
blood vessel in tissue under the Surface of the skin. In this 
method, one or more active electrode(s) are positioned in 
close proximity to a target region of the blood vessel, and a 
Sufficient high frequency Voltage is applied to the electrode 
terminal(s) to cause thermal damage to a target region within 
the blood vessel. The thermal injury causes the vessel to 
shrink or to thrombose and collapse so that blood flow 
through the vessel is restricted or completely interrupted. 
Preferably, the vessel is injured with minimal thermal energy 
being applied to the Surrounding tissue, which prevents the 
tissue discoloration or Scarring associated with prior art 
thermal processes. The electrode terminal(s) may be posi 
tioned on the external Surface of the Skin, or they may be 
introduced through a percutaneous penetration in the outer 
skin Surface to the blood vessel. In the latter embodiment, 
the percutaneous penetration may be formed by advancing 
one or more needle electrodes through the outer Surface of 
the skin to the target region of the vessel. 
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SYSTEMS AND METHODS FOR 
ELECTROSURGICAL TREATMENT OF 

WASCULAR DISORDERS 

RELATED APPLICATIONS 

0001. The present invention is a continuation-in-part of 
U.S. patent application Ser. No. 08/977,845, filed Nov. 25, 
1997 (attorney docket no. D-2), which is a continuation-in 
part of application Ser. No. 08/562,332, filed Nov. 22, 1995 
(attorney docket no. 016238-000710), the complete disclo 
Sures of which are incorporated herein by reference for all 
purposes. The present invention also derives priority from 
U.S. patent application Ser. No. 09/130,804, filed Aug. 7, 
1998 (attorney docket no. S-4), the complete disclosure of 
which is incorporated herein by reference. 
0002 The present invention is related to commonly 
assigned co-pending U.S. patent application Ser. NoS. 
09/162,110 and 09/162,117, filed Sep. 28, 1998 (attorney 
docket nos. D-7 and D-8, respectively), and U.S. Pat. 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, 08/874,173 and 
09/002,315, filed on Jun. 30, 1998, Apr. 10, 1998, Jun. 13, 
1997, and Jan. 2, 1998, respectively (Attorney Docket Nos. 
CB-1, CB-2, 16238-005600 and C-9, respectively) and U.S. 
patent application 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. patent application 
Ser. Nos. 08/977,845, filed on Nov. 25, 1997 (Attorney 
Docket No. D-2), 08/942,580, filed on Oct. 2, 1997 (Attor 
ney Docket No. 16238-001300), U.S. application Ser. No. 
08/753,227, filed on Nov. 22, 1996 (Docket 16238-002.200), 
U.S. application Ser. No. 08/687792, filed on Jul. 18, 1996 
(Docket No. 16238-001600), and PCT International Appli 
cation, U.S. National Phase Ser. 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 
continuation-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 incorporated herein by reference for all pur 
poses. The present invention is also related to commonly 
assigned U.S. Pat. No. 5,683,366, 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 vascular disorders, Such as, cutaneous vascular 
lesions, port wine Stains, face veins, telangiectasis, Spider 
veins, birth marks and the like. 
0004. A cutaneous vascular lesion, Such as telangiectasis 
or Spider capillaries of the lower extremities, is a condition 
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where previously microscopic blood vessels have become 
dilated. They are visible through the skin appearing as red, 
blue or purple variably tortuous lines or patches. The causes 
of this abnormal enlargement of vessels are not fully under 
stood, and although they are of little medical consequence, 
their cosmetic Significance can be great. 
0005 The most common treatment used for cutaneous 
vascular lesions is Sclerotherapy, which entails the intravas 
cular injection of one of a variety of agents into the abnormal 
blood vessels. The injected Substance injures the interior 
walls of the capillary causing it to shrink or disappear. 
Unfortunately, this treatment can be painful, only partially 
effective, and usually requires about one to two months 
waiting before improvement can be seen. In addition, unde 
Sirable side effects can occur, Such as echymotic or hyper 
pigmented marks, which may take months to completely 
fade away. 
0006. In the treatment of vascular lesions, a variety of 
different lasers (e.g., CO2, Argon, tunable dye, pulsed dye, 
KTP, Nd/Yag) have been used to irradiate the surface of the 
skin. The laser energy penetrates through the Skin and is 
absorbed by the constituents in the blood, which coagulates 
and collapses the vein. Unfortunately, there are also prob 
lems associated with the use of lasers in these procedures. 
For example, although most of the laser energy passes 
through the tissue to the vessel, Scattering and absorption of 
the light take place in the tissue. This absorption can cause 
Significant changes in skin coloration and even Scarring. In 
addition, if the laser energy is delivered over too long a 
period, significant thermal damage will occur in regions 
beyond the vein being treated. Moreover, the interaction 
between laser light and melanin pigments in the epidermis 
that overlies the target vessels can cause long term hyper 
pigmentation, persistent Scabs and Sometimes permanent 
Scarring. 

SUMMARY OF THE INVENTION 

0007. The present invention provides systems, apparatus 
and methods for Selectively applying electrical energy to 
blood vessels within the body, and is particularly useful for 
treating vascular disorders. 
0008. In one aspect of the invention, a method for treating 
a discolored blood vessel in tissue under the Surface of the 
skin is provided. In this method, one or more active elec 
trode(s) are positioned in close proximity to a target region 
of the blood vessel, and a Sufficient high frequency Voltage 
is applied to the electrode terminal(s) to cause thermal 
damage to a target region within the blood vessel. The 
thermal injury causes the vessel to shrink, or to thrombose 
and collapse, So that blood flow through the vessel is 
restricted or completely interrupted. Preferably, the vessel is 
injured with minimal thermal energy being applied to the 
Surrounding tissue, which prevents the tissue discoloration 
or Scarring associated with prior art thermal processes. The 
electrode terminal(s) may be positioned on the external 
Surface of the skin, or they may be introduced through a 
percutaneous penetration in the outer Skin Surface to the 
blood vessel. In the latter embodiment, the percutaneous 
penetration may be formed by advancing one or more needle 
electrodes through the outer Surface of the skin to the target 
region of the vessel. 
0009. Alternatively, this percutaneous penetration may 
be generated by applying Sufficient electrical energy to the 
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electrode terminal(s) to remove or ablate a portion of the 
outer Skin Surface. In this latter embodiment, the electrode 
terminal(s) are advanced axially through the skin to volu 
metrically remove or ablate a hole or channel from the skin 
Surface to the blood vessel. A more complete description of 
Systems and methods for boring channels through tissue 
with RF energy can be found in commonly assigned U.S. 
Pat. No. 5,683,366, the complete disclosure of which is 
incorporated herein by reference. 
0010. In a specific embodiment, a needle electrode is 
inserted through the patient's Skin Such that a distal portion 
of the needle electrode is located in close proximity to the 
target region of the blood vessel. High frequency Voltage is 
then applied between the needle electrode and a return 
electrode to effect coagulation and/or necrosis of the blood 
vessel. In the representative embodiment, the needle elec 
trode is an insulated acupuncture-sized needle having a 
diameter in the range of about 0.05 to about 2.0 mm, 
preferably less than 1 mm in diameter. A Selected length of 
the distal portion of the needle is exposed (e.g., typically less 
than about 3 mm and preferably less than abut 0.5 mm) to 
allow current to flow from needle to the Surrounding tissue 
and blood vessel. The needle is inserted through the patient's 
skin to the target region of the blood vessel, and high 
frequency Voltage is applied Such that a current flows from 
the exposed portion of the needle through the target region 
and to the return electrode. 

0011. In this aspect of the invention, the return electrode 
may be positioned on the Surface of the patient's skin, or it 
may be introduced through the skin to a location in close 
proximity to the target region of the blood vessel. In the 
latter embodiment, the return electrode may be located on 
the insulated needle (e.g., as a second exposed portion 
Spaced and electrically isolated from the active exposed 
portion), or it may be part of a separate instrument. In the 
representative embodiment, the return electrode comprises a 
thin, insulated, conductive needle having an inner lumen for 
receiving the active needle electrode, and an exposed distal 
portion for completing the current return path from the 
active needle electrode. The active needle electrode is pref 
erably axially movable relative to the return electrode such 
that the distance between the two exposed portions of the 
electrodes can be varied during the procedure. This allows 
the Surgeon to control the Zone of necrosis around the target 
region. The bipolar modality of the present invention con 
fines the electric currents to the target region, minimizing 
thermal injury to Surrounding skin tissue. 
0012. In the representative embodiment, the return elec 
trode needle includes a fluid lumen for delivering fluid to the 
target site. Preferably, the return electrode is a hollow needle 
having a central lumen for fluid delivery and for receiving 
the active electrode needle. In one embodiment, electrically 
conductive fluid, Such as isotonic Saline, is delivered to the 
target Site to decrease the tissue resistance around the target 
site. This will increase the effectiveness of the device by 
reducing tissue heating around the target Site, and by further 
confining the electric current to the target, thereby reducing 
collateral tissue damage. In another embodiment, a local 
anesthetic is delivered alone, or in combination with a 
conductive fluid, to the target region Such that the procedure 
may be performed in the doctors office under local anes 
thesia. The present invention may be used in combination 
with a tumescent technique for delivering a relatively large 
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Volume of a dilute Solution of a local anesthetic agent and/or 
a vasoconstrictor agent to the target Site. The anesthetic and 
vasoconstrictor agents may be dilute in a Solution of, for 
example, electrically conductive fluid. 
0013 The system may optionally include a temperature 
controller coupled to one or more temperature Sensors at or 
near the distal end of the active or return electrode(s). The 
controller adjusts the output voltage of the power Supply in 
response to a temperature Set point and the measured tem 
perature value. The temperature Sensor may be, for example, 
a thermocouple, located on the return electrode that mea 
Sures a temperature at the distal end of the return electrode. 
In this embodiment, the temperature set point will preferably 
be one that corresponds to a tissue temperature that results 
in the coagulation of blood, i.e., about 60° C. to 70° C., 
without exceeding this range. This helps to limit thermal 
injury to Surrounding tissue. 
0014. In one embodiment, the system of the present 
invention will include a depth measuring device for deter 
mining the depth of penetration of the active and return 
electrodes from the outer surface of the patient's skin. This 
allows precise placement of the electrodes at the target 
region, and allows the Surgeon to more precisely determine 
the distance between the active and return electrodes. In the 
representative embodiment, the depth measuring device 
includes a plurality of depth indicia on one or both of the 
active and return electrodes for determining the relative 
depths of the electrodes. 
0015. In another aspect of the invention, a method is 
provided for intravascular occlusion of body lumens, par 
ticularly for treating intracranial aneurysms. In this method, 
a Sufficient amount of electrical energy is applied to the body 
lumen to cauterize or coagulate the blood within the vessel 
to occlude the vessel without causing excessive tissue dam 
age. In one method, a catheter is delivered, typically intra 
vascularly, to a location within or near the neck of the 
aneurysm or other vascular opening to be occluded. High 
frequency Voltage is applied to one or more active elec 
trode(s) on the catheter to heat and coagulate the Surround 
ing blood and tissue to effectively occlude the body lumen. 
In the preferred embodiment, the catheter includes a return 
electrode spaced from the active electrode(s) to confine the 
electric current to, and around, the target Site. Electrically 
conductive fluid may optionally be delivered to the target 
Site to facilitate current conduction between the electrodes. 
In addition, the catheter may include a temperature Sensor to 
either track, or to control (e.g., with feedback), the tempera 
ture at the target Site. 
0016 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 

0017 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, 

0018 FIG. 2 is a perspective view of one embodiment of 
an electroSurgical probe constructed according to the prin 
ciples of the present invention; 
0019 FIGS. 3A-3C are exploded, isometric views of the 
probe of FIG. 2; 
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0020 FIG. 4 is an end view of the distal tip of the probe, 
illustrating an electrode Support with a plurality of electrode 
terminals, 

0021 FIG. 5 illustrates the electrical connections and the 
electrode Support of the handpiece in greater detail; 
0022 FIG. 6 is an end view of an exemplary electrode 
Support comprising a multi-layer wafer with plated conduc 
tors for electrodes; 

0023 FIGS. 7 and 8 are side views of the electrode 
support of FIG. 7; 

0024 FIGS. 9A-13A are side views of the individual 
wafer layers of the electrode Support; 

0025 FIGS. 9B-13B are cross-sectional views of the 
individual wafer layers; 
0026 FIGS. 14 and 15 illustrate an alternative multi 
layer wafer design according to the present invention; 

0027 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; 

0028 FIG. 16B illustrates a illustrates a method for 
treating the outer layer of a patient's skin in a skin resur 
facing procedure with an electroSurgical probe having a 
Single, active electrode terminal; 
0029 FIG. 17 illustrates a method of skin resurfacing 
wherein the epidermal layer is separated from the papillary 
dermis, and then removed by wiping away the Separated 
layer; 

0030 FIGS. 18A and 18B illustrate a method for treating 
a vascular lesion; 

0031 FIG. 19 illustrates a method of removing scalp 
tissue and/or hair according to the present invention; 
0.032 FIG. 20 is a cross-sectional view of an alternative 
electroSurgical probe for applying high frequency Voltage to 
tissue layers on the skin; 
0.033 FIG. 21 is a graph illustrating the electrical imped 
ance of tissue and isotonic Saline with operating frequency; 

0034 FIG. 22 illustrates another embodiment of the 
probe of the present invention, incorporating additional 
electrodes sized for contraction of tissue; 
0.035 FIG. 23 is a perspective view of an electroSurgical 
catheter System for treating vascular disorders, Such aneu 
rySms or vascular malformations, according to the present 
invention; 

0.036 FIG. 24 illustrates the distal portion of an electro 
surgical catheter for use with the system of FIG. 23; 

0037 FIGS. 25A and 25B are cross-sectional and end 
Views, respectively of a distal portion of a Second electro 
Surgical catheter according to the present invention; 
0.038 FIG. 26 illustrates an electroSurgical system 
designed for treating vascular disorders, and 

0039 FIG. 27 illustrates a method for treating vascular 
disorders with the system of FIG. 26. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 

0040. The present invention provides systems and meth 
ods for Selectively applying electrical energy to a target 
location within or on a patient's body, particularly including 
procedures on or near an external body Surface, Such as 
epidermal and dermal tissues in the skin, or the underlying 
cutaneous tissue. For convenience, the remaining disclosure 
will be directed Specifically to procedures for treating vas 
cular disorders, Such as port wine Stains, face veins, telang 
iectasis, birth marks, and the like. However, it will be 
appreciated that the present invention may also be useful for 
skin tissue cutting, ablation, incising or removal in the 
epidermis or dermis, e.g., the removal of pigmentations, 
Scars, tattoos, etc., and for other Surgical procedures on the 
skin, Such as tissue rejuvenation, blepharoplasty, browlifts, 
cosmetic Surgery, wrinkle removal, hair removal and/or 
transplant procedures. In addition, the Systems and methods 
can be applied equally well to procedures involving other 
tissueS of the body, as well as to other procedures including 
open Surgery, arthroscopic Surgery, laparoscopic Surgery, 
thoracoscopic Surgery, and other endoscopic Surgical proce 
dures. 

0041) The present invention applies high frequency (RF) 
electrical energy to one or more electrode terminals to cause 
thermal injury of the interior of blood vessels underlying the 
surface of the skin. The thermal injury causes the blood 
vessel to Shrink or to thrombose and collapse, which pre 
vents blood from flowing through the vessel. In some 
embodiments, the present invention is used for treating a 
discolored blood vessel under the Surface of the Skin, as 
described above. 

0042. In other embodiments, the present invention may 
be used to occlude vessels by causing Sufficient thermal 
injury within the vessel to coagulate the blood therein. In 
this embodiment, the present invention may be used to treat 
aneurysms, vascular malformations, arteriovenous fistulas 
(e.g., carotid-cavernous, Vertebral), internal arterial bleeding 
Sites, arteries feeding vascular tumors, damaged vessels 
following trauma and the like. The techniques of the present 
invention may be performed percutaneously by introducing 
an electroSurgical instrument into the patient's vasculature 
and advancing the instrument transluminally to a target Site. 
These procedures may also be performed through other 
minimally invasive methods, Such as introducing a Surgical 
probe and endoscope through a Small opening, e.g., a burr 
hole, in the patient's cranium, or through natural openings in 
the patient's head, Such as transoral or transphenoidal pro 
cedures. The present invention may further be performed 
using traditional open Surgery techniques. 

0043. In procedures in or around the brain, the techniques 
of the present invention will typically be performed in 
conjunction with instrument guiding technology for guiding 
the Surgical instrument to the target Site within the head and 
neck, e.g., the brain. In this regard, the present invention 
may use a variety of imaging techniques, Such as comput 
erized tomography (CT) scanning, magnetic resonance 
imaging (MRI), ultrasound, angiography, radionucleotide 
imaging, electroencephalography (EEG) and the like. In 
conjunction with one of these imaging procedures, typically 
CT or MRI, the present invention may also use compatible 
Stereotactic Systems for guiding the instrument to the target 
location. In Standard Stereotactic Systems, a frame, e.g., a 
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Leksell, Todd-Wells or Guiot frame, fixes the patient's head 
to the image. These frames, combined with radiological 
landmarks and a brain atlas, provide anatomical localization 
to within +-1 mm. Alternatively, imaged guided frameless 
Stereotactic Systems that utilize modern imaging, elaborate 
computer Software and a locating device, may be employed 
with the present invention. 
0044) The electroSurgical instrument will comprise a 
shaft 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 of 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 by the 
Surgeon. For treating vessels underneath the Surface of the 
skin, the active electrode shaft will preferably have a small 
diameter to minimize trauma, e.g., on the order of about 0.05 
mm to about 2.0 mm, preferably less than about 1.0 mm. 
Similarly, the return electrode shaft with either be the same 
shaft as the active electrode shaft, or a separate Shaft having 
a diameter on the order of a about 0.05 to 5 mm, preferably 
less than about 2.0 mm. For intravascular procedures, the 
shaft will comprise a conventional or Specialized guide 
catheter, or the invention may include a catheter having an 
active electrode or electrode array integral with its distal 
end. The catheter shaft may be rigid or flexible, with flexible 
shafts optionally being combined with a generally rigid 
external tube for mechanical support. Flexible shafts may be 
combined with pull wires, shape memory actuators, and 
other known mechanisms for effecting Selective deflection 
of the distal end of the shaft to facilitate positioning of the 
electrode or electrode array. The catheter haft will usually 
include a plurality of wires or other conductive elements 
running axially therethrough to permit connection of the 
electrode or electrode array and the return electrode to a 
connector at the proximal end of the catheter shaft. The 
catheter shaft may include a guide wire for guiding the 
catheter to the target Site, or the catheter may comprise a 
Steerable guide catheter. The catheter may also include a 
Substantially rigid distal end portion to increase the torque 
control of the distal end portion as the catheter is advanced 
further into the patient’s body. Specific shaft designs will be 
described in detail in connection with the figures hereinafter. 
0045. In some embodiments, the active electrode(s) may 
be Supported within or by an inorganic insulating Support 
positioned near the distal end of the instrument shaft. In 
other embodiments that do not involve the generation of a 
plasma layer for removal of tissue (e.g., treating vascular 
disorders), the active electrode(s) may be Supported by other 
materials, e.g., plastic, or the entire Shaft may be electrically 
conductive, having an outer insulating jacket to minimize 
current flow to collateral tissue. 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). 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 elec 
trode 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 connec 
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tions for coupling the return electrode(s) and the electrode 
terminal(s) to a high frequency power Supply, Such as an 
electroSurgical generator. 

0046. In some embodiments, the current flow path 
between the electrode terminals and the return electrode(s) 
may be improved by Submerging the tissue site in an 
electrical conducting fluid (e.g., within a Viscous fluid, Such 
as an electrically conductive gel) or by directing an electri 
cally conducting fluid 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 addition, 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 conducting fluid between 
the active and return electrodes is described in U.S. Pat. No. 
5,697.281, previously incorporated herein by reference. 
Alternatively, the body's natural conductive fluids, Such as 
blood, may be sufficient to establish a conductive path 
between the return electrode(s) and the electrode termi 
nal(s), and to provide the conditions for establishing a vapor 
layer, as described above. However, in Some embodiments 
designed to ablate tissue conductive fluid that is introduced 
to the patient is generally preferred over blood because 
blood will tend to coagulate at certain temperatures. Advan 
tageously, a liquid electrically conductive fluid (e.g., iso 
tonic 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. 
0047 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 
CCC. 

0048. In some procedures, it may also be necessary to 
retrieve or aspirate the electrically conductive fluid and/or 
the gaseous or liquid products of the procedure. For 
example, in procedures in and around the brain and its 
Surrounding blood vessels, it may be desirable to aspirate the 
fluid so that it does not flow downstream. In addition, it may 
be desirable to aspirate Small pieces of tissue or other body 
Structures that are not completely disintegrated by the high 
frequency energy, or other fluids at the target Site, Such as 
blood, mucus, the gaseous products of ablation, etc. Accord 
ingly, the System of the present invention may include one 
or more Suction lumen(s) in the instrument, or on another 
instrument, coupled to a Suitable vacuum Source for aspi 
rating 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 lumen that may 
otherwise occur as larger tissue fragments are drawn therein. 
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The aspiration electrode(s) may be different from the abla 
tion electrode terminal(s), or the same electrode(s) may 
Serve both functions. A more complete description of instru 
ments incorporating aspiration electrode(s) can be found in 
commonly assigned, co-pending patent application entitled 
“Systems And Methods For Tissue Resection, Ablation And 
Aspiration”, filed Jan. 21, 1998, the complete disclosure of 
which is incorporated herein by reference. 
0049. As an alternative or in addition to suction, it may 
be desirable to contain the exceSS electrically conductive 
fluid, tissue fragments and/or gaseous products of ablation at 
or near the target Site with a containment apparatus, Such as 
a basket, retractable sheath or the like. This embodiment has 
the advantage of ensuring that the conductive fluid, tissue 
fragments or ablation products do not flow through the 
patient's vasculature or into other portions of the body. In 
addition, it may be desirable to limit the amount of Suction 
to limit the undesirable effect Suction may have on hemo 
stasis of severed blood vessels. 

0050. 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 to 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 
SOCC. 

0051. In one configuration, each individual electrode 
terminal in the electrode array is electrically insulated from 
all other electrode terminals in the array within Said probe 
and is connected to 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 electrically conduc 
tive gel) causes a lower impedance path between the return 
electrode 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 heating 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 actu 
atable Switches, or by independent 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 con 
ductive path from the controller to the distal tip of the probe. 
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Alternatively, the resistance and/or capacitance may occur 
on the Surface of the active electrode terminal(s) due to 
oxide layers which form Selected electrode terminals (e.g., 
titanium or a resistive coating on the Surface of metal, Such 
as platinum). 
0052 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 
electrode 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 
electrode array at the tip which also serves as a conduit for 
the Supply of the electrically conducting 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 
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 electrical energy to the 
Surrounding conductive fluid while minimizing energy 
delivery to Surrounding (non-target) tissue. 
0053. 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.e., 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 
areas for both circular and non-circular terminals will have 
a contact area (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 electric 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. 

0054) In the above procedures, the electrode terminal(s) 
are formed over a tissue treatment Surface on the shaft of the 
electroSurgical probe. The return electrode Surface will be 
recessed relative to the distal end of the probe and may be 
recessed within a fluid conduit provided for the introduction 
of electrically conducting fluid to the Site of the target tissue 
and electrode terminal(s). The area of the tissue treatment 
Surface can vary widely, and the tissue treatment Surface can 
assume a variety of geometries, with particular areas and 
geometries being Selected for Specific applications. Active 
electrode Surfaces can have areas in the range from 0.25 
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mm to 75 mm, usually being from about 0.5 mm to 40 
mm. The geometries can be planar, concave, convex, 
hemispherical, conical, 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. Alternatively or additionally, the active electrode(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 procedures. 

0055. 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 
electrode 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. 

0056 For treating the surface of a patient’s skin (e.g., 
skin resurfacing procedures), the electrode Support com 
prises a plurality of wafer layerS bonded together, e.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 
piece. 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 the like. Suitable multilayer 
ceramic electrodes are commercially available from e.g., 
VisPro Corporation of Beaverton, Oreg. 

0057. In those embodiments in which an electrically 
conductive fluid is desired, the fluid should have a threshold 
conductivity to provide a Suitable conductive path between 
the return electrode and the electrode terminal(s). The elec 
trical conductivity of the fluid (in units of milliSiemans per 
centimeter or mS/cm) will usually be greater than 0.2 
mS/cm, preferably will be greater than 2 mS/cm and more 
preferably greater than 10 mS/cm. In an exemplary embodi 
ment, the electrically conductive fluid is isotonic Saline, 
which has a conductivity of about 17 mS/cm. Alternatively, 
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 transmission or 
Scanning gel, or the like. Suitable gels or Sprays are com 
mercially available from Graham-Field, Inc. of Hauppauge, 
N.Y. In addition, other electrically conductive fluids may be 
used, as described in Provisional Application No. 60/098, 

Oct. 11, 2001 

122, filed Aug. 27, 1998 (attorney docket no. CB-7P), the 
complete disclosure of which is incorporated herein by 
reference. 

0058. 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 shaft 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. 

0059. 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 500 kHz, more preferably less 
than 350 kHz, and most preferably between about 100 kHz 
and 200 kHz. The RMS (root mean square) voltage applied 
will usually be in the range from about 5 volts to 1000 volts, 
preferably being in the range from about 10 volts to 500 
volts depending on the electrode terminal size, the operating 
frequency and the operation mode of the particular proce 
dure or desired effect on the tissue (i.e., contraction, coagul 
lation or ablation). Typically, the peak-to-peak voltage will 
be in the range of 10 to 2000 volts and preferably in the 
range of 20 to 1200 volts and more preferably in the range 
of about 40 to 800 volts (again, depending on the electrode 
size, the operating frequency and the operation mode). 
0060 An important aspect of certain aspects 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 electrically conductive cellular fluid. As 
shown, the electrical 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, 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., 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 effected, 
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 Sup 
port member may be Selected to increase the depth of current 
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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. 
0061 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 cycle of about 0.0001%. 
0062) 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 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 
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. 
0.063. 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 
electrode terminal(s), the desired tissue heating rate and the 
operating frequency. Alternatively, capacitor-inductor (LC) 
circuit Structures may be employed, as described previously 
in co-pending 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 
temperature coefficient 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 
conductive 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). 
0064. 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 Shaft to a power 
Source of high frequency current. Alternatively, the probe 
may incorporate a single electrode that eXtends directly 
through the probe Shaft or is connected to a Single lead that 
extends to the power Source. 
0065 FIGS. 1-17 illustrate systems and methods 
designed for treating a patient's skin, Such as Scar removal 
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or Skin resurfacing procedures. Referring to FIG. 1, an 
electroSurgical System 11 generally comprises an electroSur 
gical handpiece or probe 10 connected to a power Supply 28 
for providing high frequency Voltage to a target Site and a 
fluid source 21 for supplying electrically conducting 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 electrode terminals 58 are 
electrically isolated from each other and each of the termi 
nals 58 is connected to an active or passive control network 
within power supply 28 by means of a plurality of individu 
ally insulated conductors (not shown). A fluid supply tube 15 
is connected to a fluid tube 110 of probe 10 for supplying 
electrically conducting fluid 50 to the distal tip 13 (see 
FIGS. 16 and 17). 
0066 Power Supply 28 has an operator controllable volt 
age level adjustment 30 to change the applied Voltage level, 
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 adjusting the energy level applied to electrode 
terminals 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 “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 (i.e., vaporizing a por 
tion of the electrically conductive fluid, ionizing the vapor 
layer and accelerating these 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 in 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. 
0067. 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. 
0068. In the coagulation 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 dissociation of the 
tissue. The Surgeon may automatically toggle the power 
Supply between the ablation and coagulation 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 
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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 No. 60/062,997, filed 
Oct. 23, 1997 (attorney docket no. 16238-007400). 
0069. 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 electrode Support member 70 extending 
from tip 13 for Supporting a plurality of electrode terminals 
58 (see 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 
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 
keytone, or a stable metal alloy containing aluminum and/or 
Zine. 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 
poly-ether-imide handpiece or ULTEM(R) that can withstand 
a repeated exposure to high temperatures. 

0070 Referring to FIGS. 4A-4C, 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 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 degrees relative to the longitudinal axis of handle 12 to 
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. 
0071. 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 
electrodes 100, 102 will usually have an exposed surface 
area of about 5 mm2 to 25mm2, preferably about 18 mm2 
to about 20 mm2. Return electrodes 100,102 are coupled to 
a connector 104 (details of this connection discussed below) 
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that extends to the proximal end of handle 13, where it is 
suitably connected to power supply 28 (FIG. 1). 
0072 Referring to FIGS. 4A-4C 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 
each 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 224 
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 
electrodes 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 
the power Supply. This allows the power Supply to be 
employed with a variety of different probes for a variety of 
different applications. 

0073. 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 conducting 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 13 and through an inner cavity 112 (FIG. 3 and 
FIGS. 4A-4C) in tip 12 to a distal opening 114 (FIG. 4) 
located adjacent electrode support member 70. Tube 110 
extends all the way through inner cavity 112 to opening 114 
to eliminate any possible fluid ingreSS into cavity 112. AS 
shown in FIGS. 1 and 2, fluid tube 110 includes a proximal 
connector 112 for coupling to an electrically conductive 
fluid Source 21. 

0074) Probe 10 will also include a valve or equivalent 
structure for controlling the flow rate of the electrically 
conducting fluid to the target Site. In the representative 
embodiment shown in FIGS. 4A-4C, 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 120 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 Switches, 
buttons, etc. 

0075. 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 conducting fluid 
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tends to flow radially inward towards the target Site, or it 
may be formed towards the center of probe 10 so that the 
fluid flows radially outward. In addition, the electrically 
conducting fluid may be delivered from a fluid delivery 
element (not shown) that is separate from probe 10. In 
arthroscopic Surgery, for example, the body cavity will be 
flooded with isotonic saline and the probe 10 will be 
introduced into this flooded cavity. Electrically conducting 
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 
electroSurgical 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. 
0076 Referring to FIGS. 4 and 5, electrically isolated 
electrode 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 
rectangular croSS-Sectional shape with a length L in the 
range of about 0.5 mm to 20 mm (preferably about 2 to 10 
mm) and a width W in the range from 0.3 mm to 10 mm 
(preferably about 0.5 to 4 mm). The individual electrode 
terminals 58 have the dimensions described above, and are 
preferably substantially flush with tissue treatment surface 
80. Applicant has found that this configuration minimizes 
any Sharp electrode 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 minimizing the rate of 
ablation as preferred for removing thin layers of tissue (e.g., 
epidermal layers). 

0077. 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 terminals may be 
recessed from this Surface. For example, the electrode 
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 adjust 
able relative to the tissue treatment Surface So that the 
Surgeon can adjust the distance between the Surface and the 
electrode terminals. 

0078 Referring now to FIGS. 7-13, an exemplary elec 
trode support member 70 will be described in detail. As 
shown, electrode 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. 

0079. In the representative embodiment, support member 
70 comprises five ceramic layers 200, 202, 204, 206, 208 
(see FIGS. 9-13), three gold plated electrode terminals 210, 
212, 214 and first and Second gold plated return electrodes 
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216, 218. As shown in FIGS. 8A, 9A and 9B, a first ceramic 
layer 200, 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 222 extending from return electrode 
216 to the proximal end of the layer 200 for coupling to a 
lead wire (not shown), and three gold conductive lines 224, 
226, 228 extending from a mid-portion of the layer 200 to 
its proximal end. Conductive strips 224, 226, 228 are each 
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 200. 

0080 Referring to FIGS. 10A and 10B, a second wafer 
layer 202 is bonded between the outer wafer layer 200 and 
a middle wafer layer 204 (FIGS. 11A and 11B). As shown, 
first electrode terminal 210 is attached to the distal Surface 
of second wafer layer 202, and a conductive strip 240 
extends to via 230 to couple electrode terminal 210 to a lead 
wire. Similarly, wafer layers 204 and 206 (FIGS. 11 and 12) 
each have an electrode terminal 212, 214 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 necessary through the ceramic 
layers. As shown in FIG. 13, another outer wafer layer 208 
has a Second return electrode 218 plated to the lateral Surface 
250 of layer 208. The second return electrode 218 is coupled 
directly to the first return electrode 216 through a via 252 
extending through the entire ceramic Substrate. 

0081. 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 wafer 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). 
0082) Referring now to FIGS. 16A and 16B, a method of 
treating tissue on the Outer skin of 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 conducting fluid 304 is delivered through fluid 
tube 110 (FIG. 2) through distal hole 114 to the treatment 
site 300. The rate of fluid flow is controlled with rotatable 
sleeve 116 (FIG. 4A) such that the Zone between the tissue 
302 and electrode Support 70 is constantly immersed in the 
fluid. The power supply 28 is then turned on and adjusted 
Such that a high frequency Voltage difference is applied 
between electrode terminal(s) 58 and return electrodes 100, 
102. The electrically conductive fluid 304 provides the 
conduction path (see current flux lines 310) between elec 
trode terminal(s) 58 and the return electrodes 100, 102 on 
either side of electrode Support 70. 
0083. In the 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 difference between electrode termi 
nals 58 and the target tissue 302 (i.e., the voltage gradient 
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across the plasma layer 312), charged particles 315 in the 
plasma (viz., electrons) are accelerated towards the tissue. At 
Sufficiently high Voltage differences, these charged particles 
315 gain Sufficient energy to cause dissociation of the 
molecular bonds within tissue Structures. 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 short range of 
the accelerated charged particles 315 within the target tissue 
302 confines the molecular dissociation process to the 
Surface layer to minimize damage and necrosis to the 
underlying tissue 320. 

0084. In some embodiments, the voltage difference will 
be Sufficient enough to apply thermal energy to the under 
lying tissue 320. Preferably, this thermal energy will be 
Sufficient to elevate the tissue temperature from normal body 
temperatures (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 
55 C. to 62 C. This temperature elevation causes contrac 
tion of the collagen connective fibers within the underlying 
tissue 320. This method removes the Surface layer of the 
skin, while tightening the underlying dermis to remove 
Wrinkles and rejuvenate the skin. 

0085. An alternative method for skin rejuvenation or 
wrinkle removal is shown in FIG. 17. In this method, when 
a Voltage difference is applied between the electrode termi 
nals 58 and the return electrodes 100, 102, electrical current 
flows 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 electrical path between the electrode terminals 
58 and the return electrodes 100, 102. As a consequence of 
the electrical impedance of the tissue and the proper Selec 
tion of the applied frequency, Voltage and current, heating of 
the epidermal 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 papillary 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, etc. In Skin rejuve 
nation procedures, collagen may be injected into the dermis 
after the epidermis has been removed to rejuvenate skin that 
has lost its elasticity. 

0086). In addition, the heating from current flux lines 350 
may be sufficient to elevate the temperature of the tissue 364 
in the papillary dermis 362 from normal body temperature 
(e.g. 37 C.) to a temperature in the range 55° C. to 85 C., 
preferably in the range from 60° C. to 70° C. This heating 
of the papillary dermis 362 will cause irreversible contrac 
tion of the collagen with the papillary dermis. 

0087 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 vessel 374 to be treated. A voltage difference 
is applied between the active and return electrodes (not 
shown) in the presence of electrically conductive fluid 376 
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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. 5,683,366, the complete disclosure of which is incor 
porated herein by reference. Once the probe approaches the 
vessel, thermal energy will be delivered into the vessel from 
the current flux lines as described above. This thermal 
energy will eventually be Sufficient to coagulate the blood in 
the vessel 374 and collapse the vessel at that site. 
0088. In order to collapse a long length of the vessel 374, 
multiple treatment sites may be necessary. As 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 Sequentially treat the vessel at 
multiple sites (382, 384, 386) upstream from the first site 
380. 

0089 Referring now to FIG. 19, a method for 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 to close the opening. 
0090. 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 an 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 cosmetically Suitable appearance. 

0091 FIG. 20 illustrates an alternative embodiment, 
where an electroSurgical probe 430 is utilized to remove the 
surface layers of the epidermis 440. 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 proximally recessed 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 conducting 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 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. 

0092. 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 
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shown in FIG. 22. One operating arrangement is to connect 
electrode 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 461. 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 461 can be caused to 
flow below the epidermis layer to effect collagen Shrinkage 
in region 320 as described hereinabove. 
0093. The voltage will preferably be sufficient to estab 
lish high electric field intensities between the active elec 
trode array 436 and the epidermal tissue 440 to thereby 
induce molecular breakdown or disintegration of Several cell 
layers of the epidermal tissue. AS described above, a Suff 
cient Voltage will be applied to develop a thin layer of vapor 
within the electrically conducting fluid and to ionize the 
vaporized layer or region between the active electrode(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 minimizing necrosis of 
Surrounding tissue and underlying cell layers, Such as cell 
Structures in the Stratum lucidium and/or Stratum granulo 
SU. 

0094) Referring to FIGS. 23-25, the electrosurgical 
device according to the present invention may also be 
configured as an elongate catheter System 400 including 
portions with sufficient flexibility to permit introduction into 
the body and to the target Site through one or more vascular 
lumen(s). In this embodiment, the catheter system of the 
present invention is particularly useful for treating vascular 
disorders, Such as aneurysms, vascular malformations and 
the like, by causing Sufficient thermal injury to an inner 
vessel wall to occlude or partially occlude the vessel lumen. 
As shown in FIG. 23, a catheter system 400 generally 
comprises an electroSurgical catheter 461 connected to a 
power supply 28 by an interconnecting cable 486 for pro 
Viding high frequency Voltage to a target tissue site and an 
irrigant reservoir or source 600 for providing electrically 
conducting fluid to the target Site. Catheter 461 generally 
comprises an elongate, flexible shaft body 462 including a 
tissue removing or ablating region 464 at the distal end of 
body 462. The proximal portion of catheter 461 includes a 
multi-lumen fitment 614 which provides for interconnec 
tions between lumens and electrical leads within catheter 
461 and conduits and cables proximal to fitment 614. By 
way of example, a catheter electrical connector 496 is 
removably connected to a distal cable connector 494 which, 
in turn, is removably connectable to generator 28 through 
connector 492. One or more electrically conducting lead 
wires (not shown) within catheter 461 extend between one 
or more active electrodes 463 at tissue ablating region 464 
and one or more corresponding electrical terminals (also not 
shown) in catheter connector 496 via active electrode cable 
branch 487. Similarly, one or more return electrodes 466 at 
tissue ablating region 464 are coupled to a return electrode 
cable branch 489 of catheter connector 496 by lead wires 
(not shown). Of course, a single cable branch (not shown) 
may be used for both active and return electrodes. 
0.095 Catheter body 462 may include reinforcing fibers 
or braids (not shown) in the walls of at least the distal 
ablation region 464 of body 462 to provide responsive 
torque control for rotation of electrode terminals during 
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tissue engagement. This rigid portion of the catheter body 
462 preferably extends only about 7 to 10 mm while the 
remainder of the catheter body 462 is flexible to provide 
good trackability during advancement and positioning of the 
electrodes adjacent target tissue. 
0096) Conductive fluid 50 is provided to tissue ablation 
region 464 of catheter 461 via a lumen (not shown in FIG. 
23) within catheter 461. Fluid is supplied to lumen from the 
Source along a conductive fluid Supply line 602 and a 
conduit 603, which is coupled to the inner catheter lumen at 
multi-lumen fitment 614. The Source of conductive fluid 
(e.g., isotonic Saline) may be an irrigant pump system (not 
shown) or a gravity-driven Supply, Such as an irrigant 
reservoir 600 positioned several feet above the level of the 
patient and tissue ablating region 8. A control valve 604 may 
be positioned at the interface of fluid Supply line 602 and 
conduit 603 to allow manual control of the flow rate of 
electrically conductive fluid 30. Alternatively, a metering 
pump or flow regulator may be used to precisely control the 
flow rate of the conductive fluid. 

0097) System 400 further includes an aspiration or 
vacuum system (not shown) to aspirate liquids and gases 
from the target Site. The aspiration System will usually 
comprise a Source of vacuum coupled to fitment 614 by a 
aspiration connector 605. 
0.098 FIGS. 24 and 25 illustrate the working end 464 of 
an electroSurgical catheter 461 constructed according to the 
principles of the present invention. As shown in FIG. 11, 
catheter 461 generally includes an elongated Shaft 462 
which may be flexible or rigid, and an electrode Support 
member 620 coupled to the distal end of shaft 462. Electrode 
support member 620 extends from the distal end of shaft 462 
(usually about 1 to 20 mm), and provides Support for a 
plurality of electrically isolated electrode terminals 463. 
Electrode support member 620 and electrode terminals 463 
are preferably secured to a tubular support member 626 
within shaft 461 by adhesive 630. 
0099] The electrode terminals 463 may be constructed 
using round, Square, rectangular or other shaped conductive 
metals. By way of example, the electrode terminal materials 
may be Selected from the group including StainleSS Steel, 
tungsten and its alloys, molybdenum and its alloys, titanium 
and its alloys, nickel-based alloys, as well as platinum and 
its alloys. Electrode support member 620 is preferably a 
ceramic, glass or glass/ceramic composition (e.g., aluminum 
oxide, titanium nitride). Alternatively, electrode Support 
member 620 may include the use of high-temperature bio 
compatible plastics such as polyether-ether-keytone (PEEK) 
manufactured by Vitrex International Products, Inc. or 
polysulfone manufactured by GE Plastics. The adhesive 630 
may, by way of example, be an epoxy (e.g., Master Bond 
EP42HT manufactured by Master Bond) or a silicone-based 
adhesive. 

0100. As shown in FIG. 25B, a total of 7 circular active 
electrodes or electrode terminals 463 are shown in a sym 
metrical pattern having an active electrode diameter, D in 
the range from 0.05 mm to 1.5 mm, more preferably in the 
range from 0.1 mm to 0.75 mm. The interelectrode spacings, 
W and W are preferably in the range from 0.1 mm to 1.5 
mm and more preferably in the range from 0.2 mm to 0.75 
mm. The distance between the outer perimeter of the elec 
trode terminal 463 and the perimeter of the electrode support 
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member, W is preferably in the range from 0.1 mm to 1.5 
mm and more preferably in the range from 0.2 mm to 0.75 
mm. The overall diameter, D of the working end 464 of 
catheter body 462 is preferably in the range from 0.5 mm to 
10 mm and more preferably in the range from 0.5 mm to 5 
mm. AS discussed above, the shape of the active electrodes 
may be round , Square, triangular, hexagonal, rectangular, 
tubular, flat Strip and the like and may be arranged in a 
circularly symmetric pattern as shown in FIG. 25B or may, 
by way of example, be arranged in a rectangular pattern, 
Square pattern, or Strip. 

0101 Catheter body 462 includes a tubular cannula 626 
extending along body 462 radially outward from Support 
member 620 and electrode terminals 463. The material for 
cannula 626 may be advantageously Selected from a group 
of electrically conductive metals so that the cannula 626 
functions as both a structural Support member for the array 
of electrode terminals 463 as well as a return electrode 624. 
The Support member 626 is connected to an electrical lead 
wire (not shown) at its proximal end within a connector 
housing (not shown) and continues via a Suitable connector 
to power Supply 28 to provide electrical continuity between 
one output pole of high frequency generator 28 and Said 
return electrode 624. The cannula 626 may be selected from 
the group including Stainless Steel, copper-based alloys, 
titanium or its alloys, and nickel-based alloys. The thickneSS 
of the cannula 626 is preferably in the range from 0.08 mm 
to 1.0 mm and more preferably in the range from 0.05 mm 
to 0.4 mm. 

0102) As shown in FIGS. 24 and 25A, cannula 626 is 
covered with an electrically insulating sleeve 608 to protect 
the patient’s body from the electric current. Electrically 
insulating sleeve 608 may be a coating (e.g., nylon) or heat 
Shrinkable plastic (e.g., fluropolymer or polyester). AS 
shown in FIG. 24A, the proximal portion of the cannula 626 
is left exposed to function as the return electrode 624. The 
length of the return electrode 624, L is preferably in the 
range from 1 mm to 30 mm and more preferably in the range 
from 2 mm to 20 mm. The spacing between the most distal 
portion of the return electrode 624 and the plane of the tissue 
treatment surface 622 of the electrode support member 620, 
L is preferably in the range from 0.5 mm to 30 mm and 
more preferably in the range from 1 mm to 20 mm. The 
thickness of the electrically insulating sleeve 608 is prefer 
ably in the range from 0.01 mm to 0.5 mm and more 
preferably in the range from 0.02 mm to 0.2 mm. 

0103) In the embodiment shown in FIG.24, the fluid path 
is formed in catheter by an inner lumen 627 or annular gap 
between the return electrode 624 and a second tubular 
support member 628 within shaft 461. This annular gap may 
be formed near the perimeter of the shaft 461 as shown in 
FIG. 11 such that the electrically conducting fluid tends to 
flow radially inward towards the target Site, or it may be 
formed towards the center of shaft 461 (not shown) so that 
the fluid flows radially outward. In both of these embodi 
ments, a fluid Source (e.g., a bag of fluid elevated above the 
Surgical site or having a pumping device), is coupled to 
catheter 461 via a fluid supply tube (not shown) that may or 
may not have a controllable valve. 

0104. In an alternative embodiment shown in FIG. 25A, 
the electrically conducting fluid is delivered from a fluid 
delivery element (not shown) that is separate from catheter 
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461. In arthroscopic Surgery, for example, the body cavity 
will be flooded with isotonic Saline and the catheter 461 will 
be introduced into this flooded cavity. Electrically conduct 
ing fluid will be continually resupplied to maintain the 
conduction path between return electrode 624 and electrode 
terminals 463. 

0105 FIGS.26 and 27 illustrate a system and method for 
treating discolored blood vessels, Such as cutaneous vascular 
lesions, port wine Stains, face veins, telangiectasis, birth 
marks, and the like. As shown in FIG. 26, system 700 
comprises an electroSurgical assembly 702 connected to a 
power Supply 703 for providing high frequency Voltage to a 
target region of a blood vessel. ElectroSurgical assembly 
generally includes a needle active electrode 704 and a return 
electrode shaft 706 each electrically connected to power 
supply 704 by a connecting cable 708. In some embodi 
ments, the system 700 may include one or more fluid supply 
tube(s) (not shown) coupled to a fluid Source and a fluid 
lumen 712 of return electrode shaft 706 for supplying fluid, 
Such as anesthesia, or isotonic Saline, to the target Site. In 
Some embodiments, the system 700 may also include an 
aspiration tube (not shown) coupled to a vacuum Source and 
an inner lumen of return electrode shaft 706 for aspirating 
fluid, tissue debris and/or blood from the target site. 
0106 As shown, active electrode 704 comprises a small, 
acupuncture-sized needle having a diameter in the range of 
about 0.05 to 2.0 mm, preferably less about 1.0 mm. In the 
representative embodiment, needle electrode 704 comprises 
a conductive material, Such as tungsten, gold, copper, alu 
minum, tantalum, stainless steel, or the like. Electrode 704 
includes an electrically insulating shrink wrap (not shown) 
around the conductive Shaft to minimize contact with the 
electric current and Surrounding tissue. An exposed Section 
720 of the distal portion of the active electrode 704 allows 
for current flow from the active electrode to the patient's 
body. Preferably, the exposed portion has a length in the 
range of about 0.5 mm to about 5 mm. 

0107 Return electrode shaft 706 comprises a thin, outer 
shaft 722 with an inner lumen 712 for receiving active 
electrode 704 therein. Preferably, active electrode 704 is 
axially movable relative to shaft 706 to vary the distance 
between the active and return electrode, thereby adjusting 
the Zone of coagulation and necrosis at the target Site. Return 
electrode shaft 706 preferably comprises a conductive mate 
rial, Such as tungsten, gold, copper, aluminum, tantalum, 
Stainless Steel, or the like, with an outer insulating jacket (not 
shown), similar to active electrode 704. An exposed section 
730 located at the distal portion of shaft 706 will allow for 
current flow from the active electrode 704, through the 
tissue, to the return electrode shaft 706. Preferably, exposed 
section 730 of the return electrode shaft 706 will have larger 
than the exposed section 720 of active electrode 704 to 
minimize current densities at the return electrode, thereby 
minimizing tissue heating around the return electrode. In 
addition, return electrode shaft 706 will preferably have a 
Smooth continuous Outer Surface for this Same purpose. In 
the representative embodiment, the active and return elec 
trode shafts will comprise the same material to minimize any 
direct current that may be produced by dissimilar metals. 

0108. In the representative embodiment, return electrode 
shaft 706 includes depth markings 746 to allow the Surgeon 
to precisely position the distal end of the shaft 706 at a 
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particular depth location under the Surface of the skin (as 
discussed in detail below). Alternatively, the active electrode 
704, or both the active and return electrodes, may include 
Such depth markings. In another alternative embodiment, 
system 700 includes a temperature controller (not shown) 
coupled to one or more temperature Sensors at or near the 
distal end of either, or both, the active or return electrodes 
704, 706. The controller adjusts the output voltage of the 
power Supply in response to a temperature Set point and the 
measured temperature value. The temperature Sensor may 
be, for example, a thermocouple, located on the active 
electrode 704 that measures a temperature at the distal end 
of the active electrode 704. In this embodiment, the tem 
perature Set point will preferably be one that corresponds to 
a tissue temperature that results in the coagulation of blood, 
i.e., typically about 70° C. to 100 C., without exceeding this 
range. This helps to limit thermal injury to Surrounding 
tissue. Alternatively, the temperature Sensor may be simply 
attached to an output to allow the physician to monitor the 
temperature during the procedure. In this case, the physician 
may act as the feedback mechanism by either adjusting or 
interrupting the Voltage to control the temperature at the 
target Site. 
0109 Referring now to FIG. 27, a method for treating a 
vascular lesion according to the present invention will now 
be described. As shown, return electrode shaft 706 is 
advanced through the outer surface 750 of the patient's skin 
to a location underlying the epidermis. To minimize trauma 
caused by the advancement of shaft 706, the shaft will 
typically be delivered to a location between the target region 
752, i.e., the Sight of the vascular lesion, and the patient's 
skin. The active electrode needle 704 will then be advanced 
deeper to the target region 752, as shown in FIG. 27. In most 
cases, the lesion will be within about 1 to 10 mm from the 
Surface of the Skin, however, the invention may be practiced 
on deeper vessels. The exact distance between the exposed 
section 730 of the return electrode shaft 706 and the exposed 
section 720 of the active electrode 704 at the target region 
752 will vary depending on the type, and location of the 
lesion. If it is desired to minimize the Zone or area of 
necrosis and tissue damage to the patient, the exposed 
Sections of the return and active electrodes will be posi 
tioned relatively close to each other, or about 0.05 mm to 
about 5 mm. If it is desired to increase the Zone of necrosis, 
or to minimize the trauma caused by introduction of the 
return electrode, this distance may be increased. In alterna 
tive embodiments, the return electrode may comprise a 
dispersive return pad placed on the outer skin of the patient. 

0110. Once the return and active electrodes 706, 704 are 
positioned, a high frequency Voltage is applied to these 
electrodes Such that an electric current 762 flows therebe 
tween. The electric current 762 will induce a thermal injury 
to a target region of the blood vessel 760. The thermal injury 
causes the vessel 760 to shrink, or to thrombose and col 
lapse, So that blood flow through the vessel is restricted or 
completely interrupted. Preferably, the vessel 760 is injured 
with minimal thermal energy being applied to the Surround 
ing tissue, which prevents the tissue discoloration or Scar 
ring associated with prior art thermal processes. 
0111. The lumen 724 within return electrode shaft 706 
may also function as a fluid lumen for delivery of fluid to the 
target site. In one embodiment, the fluid lumen 724 is 
coupled to a Source of electrically conductive fluid, Such as 
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isotonic Saline, for delivering the conductive fluid to the 
target Site. The electrically conductive fluid tends to 
decrease the tissue resistance around the target Site, which 
increases the effectiveness of the device by reducing tissue 
heating around the target Site, and by further confining the 
electric current to the target, thereby reducing collateral 
tissue damage. In another embodiment, a local anesthetic is 
delivered alone, or in combination with a conductive fluid, 
through fluid lumen 724 to the target region such that the 
procedure may be performed in the doctors office under 
local anesthesia. The present invention may be used in 
combination with a tumescent technique for delivering a 
relatively large Volume of a very dilute Solution of a local 
anesthetic agent and a vasoconstrictor agent to the target 
Site. The anesthetic and Vasconstrictor agents may be diluted 
in a Solution of, for example, electrically conductive fluid. 
What is claimed is: 

1. A method of treating a discolored blood vessel located 
in tissue under the Surface of the skin comprising: 

positioning an active electrode in close proximity to a 
target region of the blood vessel; and 

applying high frequency electrical energy to the active 
electrode, the electrical energy being Sufficient to effect 
coagulation of blood within at least a portion of the 
target region of the vessel. 

2. The method of claim 1 wherein the electrode terminal 
is positioned adjacent an outer Surface of the skin, the 
electrical energy being Sufficient to coagulate the target 
region of the blood vessel through the skin. 

3. The method of claim 1 wherein the electrical terminal 
is introduced through a percutaneous penetration in the outer 
Surface of the Skin, and delivered to a location adjacent to or 
near the target region of the blood vessel. 

4. The method of claim 1 wherein the positioning Step 
comprises applying Sufficient high frequency Voltage to the 
outer Surface of the skin to remove a portion of the skin and 
form a hole to the blood vessel, inserting the electrode 
terminal through the hole to a position adjacent the target 
region of the blood vessel, and applying Sufficient high 
frequency Voltage to the electrode terminal to coagulate 
blood within the vessel. 

5. The method of claim 3 further comprising: 
inserting at least a distal portion of a needle electrode 

through the outer Surface of the skin to the target region 
of the blood vessel; and 

applying Sufficient high frequency Voltage between the 
needle electrode and a return electrode to coagulate the 
target region. 

6. The method of claim 5 further comprising positioning 
the return electrode on the Outer Surface of the skin. 

7. The method of claim 5 further comprising inserting the 
return electrode through the outer Surface of the Skin to a 
location near the target region and the distal portion of the 
needle electrode. 

8. The method of claim 7 wherein the return electrode 
comprises a hollow shaft, the method further comprising 
introducing a fluid through the hollow shaft into the target 
Site. 

9. The method of claim 7 further comprising spacing the 
distal end of the return electrode from an exposed portion of 
the needle electrode by a distance of about 0.05 to about 5.0 

. 
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10. The method of claim 8 wherein the fluid comprises an 
electrically conductive fluid. 

11. The method of claim 8 wherein the fluid comprises an 
anesthetic. 

12. The method of claim 1 wherein the target site is a 
vascular lesion. 

13. The method of claim 1 further comprising applying 
Sufficient electrical energy to coagulate the target region of 
the blood vessel without causing permanent thermal injury 
to the tissue between the skin Surface and Said region of the 
blood vessel. 

14. The method of claim 1 further comprising varying a 
distance between A distal portion of the return electrode and 
an exposed region of the active electrode to control a size of 
tissue coagulation or necrosis around the blood vessel. 

15. An apparatus for treating a discolored blood vessel 
located in tissue under the Surface of the skin comprising: 

an instrument having proximal and distal end portions and 
an active electrode on the distal end portion; 

a return electrode; and 
a high frequency power Supply coupled to the active and 

return electrodes for applying a high frequency Voltage 
difference therebetween, the high frequency Voltage 
difference being Sufficient to coagulate a target region 
of a blood vessel. 
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16. The apparatus of claim 15 wherein the instrument 
comprises a conductive needle having an insulated proximal 
portion and an exposed distal portion, the needle having a 
diameter less than about 0.05 to 2.0 mm. 

17. The apparatus of claim 16 wherein the exposed distal 
portion has a length of about 0.5 to about 5.0 mm. 

18. The apparatus of claim 15 wherein the return electrode 
comprises an instrument configured for insertion through the 
Surface of the Skin to a location near or adjacent to the target 
region of the blood vessel. 

19. The apparatus of claim 15 wherein the return electrode 
comprises a hollow shaft having an inner lumen for receiv 
ing the active electrode, and a distal end configured for 
insertion through the outer Surface of the skin to a location 
underneath the Skin. 

20. The apparatus of claim 19 wherein the hollow shaft 
has a fluid lumen for delivering an electrically conductive 
fluid to the target Site. 

21. The apparatus of claim 19 wherein the active electrode 
is axially movable relative to the hollow shaft. 

22. The apparatus of claim 15 further comprising depth 
markings on either the instrument or the return electrode for 
determining a depth of penetration beneath the outer Surface 
of the skin. 


