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FIG. 1B 
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FIG. 3B 
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Positioning an active electrode in close proximity to 
the ulcer, the active electrode disposed on a distal 

end of a shaft; and 

applyin a high-frequency volta e otential difference 8 g P 
across the active electrode and a return electrode 

sufficient to generate plasma at the active electrode, 
thereby modifying the ulcer 

FIG. 4 
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ELECTROSURGICAL METHOD AND 
SYSTEM FOR TREATING FOOT ULCER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of prior applica 
tion Ser. No. 11/327,089, ?led Jan. 6, 2006, and entitled 
“Electrosurgical Method and System for Treating Foot 
Ulcer,” hereby incorporated herein by reference. 

FIELD OF INVENTION 

[0002] This invention pertains to electrosurgical systems 
for treating of ulcer, in particular, an electrosurgical method 
of treating diabetic foot ulcer Whereby an active electrode in 
the presence of plasma is directed to debride tissue, induce 
blood ?oW, and leverage the body’s cytokine response to 
promote healing. 

BACKGROUND AND PRIOR ART 

[0003] An ulcer is a break in a skin or a mucus membrane 

evident by a loss of surface tissue, tissue disintegration, 
necrosis of epithelial tissue, nerve damage and pus. On 
patients With long-standing diabetes and With poor glycemic 
control, a common condition is diabetic foot ulcer, symptoms 
of Which include surface lesions With peripheral neuropathy, 
arterial insu?iciency, and ischemia of surrounding tissue, 
deformities, cellulitis tissue formation and in?ammation. 
Cellulitis tissue includes callous and ?brotic tissue. If left 
untreated a diabetic foot ulcer can become infected and gan 
grenous Which can result in dis?guring scars, foot deformity, 
and/ or amputation. 

[0004] As illustrated in FIG. 1A, a diabetic foot ulcer may 
develop on areas of the foot subjected to pressure or injury 
such as on the dorsal portion of the toes, the pad of the foot, 
and the heel. Depending on its severity, the condition can vary 
in siZe, as illustrated in FIG. 1B, from a small in?ammation 
on the toe With cellulitis and unhealthy tissue that extends up 
to about 10 mm from the center of the in?ammation, to a 
larger neuropathic lesion on the ball of the foot characterized 
by cellulitis and unhealthy tissue that extends beyond 2 cm of 
the perimeter of the perimeter. If the ulcer is accompanied by 
asteomeylitis, deep abscess or critical ischema, the condition 
may trigger amputation. 
[0005] To assist in procedures for treating diabetic foot 
ulcers, one of several available grading systems such as the 
Wagner Ulcer Classi?cation System shoWn in Table 1, beloW, 
is used to assess the severity of the ulcer and prescribe treat 
ment. In making the assessment, the ulcer is examined to 
establish its location, siZe, depth, and appearance to deter 
mine Whether it is neuropathic, ischemic, or neuro-ischemic. 
Depending on the diagnosis, an antibiotic is administered and 
if further treatment is necessary, the symptomatic area is 
treated more aggressively, for example, by debridement of 
unhealthy tissue to induce blood ?oW and to expose healthy 
underlying tendons and bone. If Warranted, post-debridement 
treatment such as dressings, foams, hydrocolloids, geneti 
cally engineered platelet-derived groWth factor becaplerrnin 
and bio-engineered skins and the like are applied. 
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TABLE 1 

Wagner Ulcer Classi?cation System 

Grade Classi?cation Type of Lesion 

0 No open lesion (may have some cellulitis) 
1 Super?cial (partial or full thickness cellulitis) 
2 Ulcer extension to ligament, tendon, joint capsule 

Without abscess or osteomyelitis 
3 Deep ulcer With abscess, osteomyelitis, or joint 

sepsis 
4 Gangrene localized to portion of forefoot or heel 
m Extensive gangrenous involvement of the entire foot 

[0006] In treating ulcers including diabetic foot ulcers, it 
has been recogniZed that early intervention to treat affected 
tissue before a lesion breaks out is bene?cial, particularly to 
debride tissue, increase blood ?oW and stimulate healthy 
tissue groWth. Topical debriding enZymes are sometime used 
but are expensive and have not been conclusively shoWn to be 
bene?cial. After the condition has progressed to a lesion With 
extensive cellulitis, later stage intervention is also bene?cial 
if the treatment involves removal of unhealthy tissue, increas 
ing blood ?oW, and stimulating healthy tissue groWth. It is 
therefore an objective to provide methods and systems to 
facilitate these goals. 

SUMMARY OF THE INVENTION 

[0007] In one embodiment, the method is an electrosurgical 
procedure for treating ulcer, in particular diabetic foot ulcer, 
comprising: positioning an active electrode in close proxim 
ity to the ulcer, the active electrode disposed on a distal end of 
an electrosurgical probe or shaft; and applying a high-fre 
quency voltage potential difference across the active elec 
trode and a return electrode suf?cient to generate plasma at 
the active electrode, and to modify the ulcer. In one embodi 
ment, an electrically conductive ?uid is provided at the active 
electrode. Modi?cation of the ulcer in accordance With the 
present method include perforating tissue in the vicinity of 
the ulcer, debriding tissue to increase blood ?oW, and apply 
ing plasma to leverage the body’s natural healing response. In 
one embodiment, current is conducted into the ulcer to per 
forate and remove unhealthy tissue, restore blood ?oW and 
promote healing. 
[0008] In using plasma to modify ulcer, the present method 
removes unhealthy tissue and improve blood ?oW, and also 
leverages the body’s cytokine role in coordinating in?amma 
tory response and repairing tissue as described in “Percula 
neous Plasma Discelomy Stimulates Repair In Injured Inter 
verlebral Discs ”, Conor W. O’Neill, et al, Department of 
Orthopedic Surgery, Department of Radiology, University of 
California, San Francisco, Calif. (2004) herein incorporated 
by reference. 
[0009] As noted in the O’Neil reference, plasma alters the 
expression of in?ammatory response in tissue, leading to a 
decrease in interlukin-1 (IL- 1) and an increase in interlukin-8 
(IL-8). While both IL-1 and IL-8 have hyperalgesic proper 
ties, Il-1 is likely to be the more important pathophysiologic 
factor in pain disorders than IL-8. Also, as described in the 
O’Neil reference, cytokines play an important role in coordi 
nating in?ammatory and repair response to tissue injury. For 
example, IL-1 is a catabolic mediator that induces proteases 
and inhibits extra-cellular matrix synthesis. On the other 
hand, IL-8 is anabolic as it promotes a number of tissue repair 
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functions including angiogenesis, ?broblast proliferation and 
differentiation, stem cell mobilization, and maturation and 
remodeling of matrix. Thus a decrease in IL-1 and an increase 
in IL-8 suggest that plasma has a role in stimulating a healing 
response mediated by IL-8 to mediate tissue degeneration, 
resulting in overall tissue healing, an a decrease in in?amma 
tion and pain. 
[0010] Since the method can be applied at any stage of the 
condition, the method can therefore be used to treat ulcerated 
tissue both before and after a lesion forms. Hence, both the 
early stages of the condition before extensive tissue damage 
have occurred, and at a later stage When there is extensive 
tissue damage and cellulitis can be treated. 
[0011] Embodiments of the present methods and system 
are described and illustrated in the folloWing detailed speci 
?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1A is an illustration of ulcer locations on a foot. 
[0013] FIG. 1B is an illustration of a diabetic foot ulcer on 
the pad of the foot. 
[0014] FIG. 2 is an illustration of an electrosurgical system 
adaptable for use With the present method. 
[0015] FIG. 3A is an illustration of an electrode con?gura 
tion for debriding ulcerated tissue in accordance With the 
present method. 
[0016] FIG. 3B is an illustration of an electrode con?gura 
tion for perforating ulcerated tissue in accordance With the 
present method. 
[0017] FIG. 4 is an algorithm of an embodiment of the 
present method. 

DETAILED DESCRIPTION 

[0018] Electrosurgical apparatus and systems adaptable for 
use With the present method are illustrated and described in 
commonly oWned US. Pat. Nos. 6,296,638, 6,602,248 and 
6,805,130 the disclosure of Which is herein incorporated by 
reference. In one exemplary embodiment illustrated in FIG. 
2, the electrosurgical system (8) includes a probe (10) com 
prising an elongated shaft (12) and a connector (14) at its 
proximal end, and one or more active electrodes (16A) dis 
posed on the distal end of the shaft. Also disposed on the shaft 
but spaced from the active electrode is a return electrode 
(16B). A handle (20) With connecting poWer cable (18) and 
cable connector (22) can be removably connected to the 
poWer supply (26). 
[0019] As used herein, an active electrode is an electrode 
that is adapted to generate a higher charge density, and hence 
generate more plasma, relative to a return electrode When a 
high-frequency voltage potential is applied across the elec 
trodes, as described herein. Typically, a higher charge density 
is obtained by making the active electrode surface area 
smaller relative to the surface area of the return electrode. 

[0020] PoWer supply (26) comprises selection means (28) 
to change the applied voltage level. The poWer supply (26) 
can also include a foot pedal (32) positioned close to the user 
for energiZing the electrodes (16A, 16 B). The foot pedal (32) 
may also include a second pedal (not shoWn) for remotely 
adjusting the voltage level applied to electrodes (16A, 16B). 
Also included in the system is an electrically conductive ?uid 
supply (36) With tubing (34) for supplying the probe (10) and 
the electrodes With electrically conductive ?uid. Details of a 
poWer supply that may be used With the electrosurgical probe 
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of the present invention is described in commonly oWned US. 
Pat. No. 5,697,909 Which is hereby incorporated by reference 
herein. 
[0021] As illustrated in FIG. 2, the return electrode (16B) is 
connected to poWer supply (26) via cable connectors (18), to 
a point slightly proximal of active electrode. Typically the 
return electrode is spaced at about 0.5 mm to 10 mm, and 
more preferably about 1 mm to 10 mm from the active elec 
trode. Shaft (12) is disposed Within an electrically insulative 
jacket, Which is typically formed as one or more electrically 
insulative sheaths or coatings, such as polyester, polytet 
ra?uoroethylene, polyimide, and the like. The provision of 
the electrically insulative jacket over shaft (12) prevents 
direct electrical contact betWeen shaft (12) and any adjacent 
body structure or the surgeon. Such direct electrical contact 
betWeen a body structure and an exposed return electrode 
(16B) could result in unWanted heating of the structure at the 
point of contact causing necrosis. 
[0022] As Will be appreciated, the above-described systems 
and apparatus can applied equally Well to a Wide range of 
electrosurgical procedures including open procedures, intra 
vascular procedures, urological, laparoscopic, arthroscopic, 
thoracoscopic or other cardiac procedures, as Well as derma 
tological, orthopedic, gynecological, otorhinolaryngological, 
spinal, and neurologic procedures, oncology and the like. 
HoWever, for the present purposes the system described 
herein is directed to treat various forms of ulcer, including 
skin ulcer, mucus membrane ulcer, foot ulcer, cellulitic tissue, 
and diabetic foot ulcer. 

[0023] In accordance With the present method, the system 
of FIG. 2 is adaptable to apply a high frequency (RF) voltage/ 
current to the active electrode(s) in the presence of electri 
cally conductive ?uid to modify the structure of tissue on and 
in the vicinity of the ulcer. Thus, With the present method, the 
system of FIG. 2 can be used to modify tissue by: (1) creating 
perforations in the vicinity of the ulcer; (2) volumetrically 
removing tissue, including bone and cartilage in the vicinity 
of the ulcer (i.e., ablate or effect molecular dissociation of the 
tissue structure) from on and around the ulcer; (3) forming 
holes, channels, divots, or other spaces on the ulcer; (4) cut 
ting or resect tissues of the ulcer; (5) shrinking or contracting 
collagen-containing connective tissue in and around the ulcer 
and/or (6) coagulate severed blood vessels in and around the 
ulcer. 

[0024] In accordance With the present method, the applied 
current can be used to modify tissue in several Ways, e.g., the 
current can be passed directly into the target site by direct 
contact With the electrodes such to heat the target site; or the 
current can be passed indirectly into the target site through an 
electrically conductive ?uid located betWeen the electrode 
and the target site also to heat the target site; or current can be 
passed into an electrically conductive ?uid disposed betWeen 
the electrodes to generate plasma for treating the target site. 
[0025] In accordance With the present method, the high 
frequency voltage difference applied betWeen one or more 
active electrode(s) and one or more return electrode(s) 
develop high electric ?eld intensities in the vicinity of the 
target tissue. The high electric ?eld intensities adjacent to the 
active electrode(s) induces molecular breakdoWn of target 
tissue by molecular dissociation of tissue components (rather 
than by thermal evaporation or carboniZation). In this proce 
dure it is believed that the tissue structure is volumetrically 
removed through molecular disintegration of larger organic 
molecules into smaller molecules and/ or atoms, such as 
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hydrogen, oxygen, oxides of carbon, hydrocarbons and nitro 
gen compounds. This molecular disintegration completely 
removes the tissue structure, as opposed to dehydrating the 
tissue material by the removal of Water from Within the cells 
of the tissue. 
[0026] The high electric ?eld intensities is generated, in 
accordance With the present method, by applying a high fre 
quency voltage that su?icient to vaporiZe electrically conduc 
tive ?uid disposed over at least a portion of the active elec 
trode(s) in the region betWeen the distal tip of the active 
electrode(s) and the target tissue. The electrically conductive 
?uid may be a liquid, such as isotonic saline, Ringer’s lactate 
solution, blood and other body ?uids delivered to the target 
site, or a viscous ?uid, such as a conductive gel, applied to the 
target site. Since the vapor layer or vaporiZed region has 
relatively high electrical impedance, it minimiZes current 
?oW into the electrically conductive ?uid. This ioniZation, 
under these conditions, induces the discharge of plasma com 
prised of energetic electrons and photons from the vapor layer 
and to the surface of the target tissue. A more detailed descrip 
tion of this phenomenon, termed CoblationTM, can be found in 
commonly assigned US. Pat. No. 5,683,366 the complete 
disclosure of Which is incorporated herein by reference. 
[0027] In various embodiments of the present method, the 
electrically conductive ?uid possesses an electrical conduc 
tivity value above a minimum threshold level, in order to 
provide a suitable conductive path betWeen the return elec 
trode and the active electrode(s). The electrical conductivity 
of the ?uid (in units of milliSiemens per centimeter or 
mS/cm) is usually be greater than about 0.2 mS/ cm, typically 
greater than about 2 mS/cm and more typically greater than 
about 10 mS/cm. In an exemplary embodiment, the electri 
cally conductive ?uid is isotonic saline, Which has a conduc 
tivity of about 17 mS/cm. 
[0028] Also in various embodiments of the preset method, 
it may be necessary to remove, e.g., aspirate, any excess 
electrically conductive ?uid and/ or ablation by-products 
from the surgical site. In addition, it may be desirable to 
aspirate small pieces of tissue that are not completely disin 
tegrated by the high frequency energy, or other ?uids at the 
target site, such as blood, mucus, and other body ?uids. 
[0029] Accordingly, in various embodiments the present 
system includes one or more suction lumen(s) in the shaft, or 
on another instrument, coupled to a suitable vacuum source 
for aspirating ?uids from the target site. In various embodi 
ments, the instrument also includes one or more aspiration 
electrode(s) coupled to the aspiration lumen for inhibiting 
clogging during aspiration of tissue fragments from the sur 
gical site. A more complete description of these embodiments 
can be found in commonly oWned US. Pat. No. 6,190,381, 
the complete disclosure of Which is incorporated herein by 
reference for all purposes. 
[0030] In the present method a single electrode or an elec 
trode array may be disposed over a distal end of the shaft of 
the electrosurgical instrument to generate and apply the 
plasma to the tissue. In both con?gurations, the circum 
scribed area of the electrode or electrode array Will generally 
depend on the desired diameter of the perforations and 
amount of debriding to be performed. In one embodiment, the 
area of the electrode array is in the range of from about 0.25 
mm2 to 20 m2, preferably from about 0.5 mm2 to 10 m2, 
and more preferably from about 0.5 mm2 to 5.0 m2. 
[0031] In addition, the shape of the electrode at the distal 
end of the instrument shaft Will also depend on the siZe of the 
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surface area to be treated. For example, the electrode may take 
the form of a pointed tip, a solid round Wire, or a Wire having 
other solid cross-sectional shapes such as squares, rectangles, 
hexagons, triangles, star-shaped, or the like, to provide a 
plurality of edges around the distal perimeter of the elec 
trodes. Alternatively, the electrode may be in the form of a 
holloW metal tube having a cross-sectional shape that is 
round, square, hexagonal, rectangular or the like. The enve 
lope or effective diameter of the individual electrode(s) 
ranges from about 0.05 mm to 3 mm, preferably from about 
0.1 mm to 2 mm. 

[0032] Examples of an electrosurgical apparatus that can be 
used to modify tissue in accordance With the present method 
are illustrated in FIGS. 3A and 3B. With reference to FIG. 3A, 
in one embodiment the apparatus comprises an active elec 
trode (34) disposed on the distal end of a shaft (36). Spaced 
from the active electrode is a return electrode (38) also dis 
posed on the shaft. Both the active and return electrodes are 
connected to a high frequency voltage supply (not shoWn). 
Disposed in contact With the active and return electrodes is an 
electrically conductive ?uid (40). In one embodiment the 
electrically conductive ?uid forms an electrically conductive 
?uid bridge (42) betWeen the electrodes. On application of a 
high frequency voltage across the electrode, plasma is gener 
ated as described above, for use in treating tissue in accor 
dance With the present method. A more detailed description of 
this phenomenon, termed CoblationTM, and the operation of 
the electrode illustrated in FIG. 3A can be found in commonly 
assigned US. Pat. No. 6,296,638 the complete disclosure of 
Which is incorporated herein by reference. Advantageously, 
as the tip of the electrode (34) presents a relatively broad 
surface area, the electrode tip illustrated in FIG. 3A is ben 
e?cially used for treating larger ulcers including debriding 
large amounts of dead or necrotic tissue, in accordance With 
the present method. 
[0033] Similarly, With reference to FIG. 3B, in one embodi 
ment the apparatus comprises an active electrode (44) dis 
posed on the distal end of a shaft (46) Spaced from the active 
electrode is a return electrode (48) also disposed on the shaft. 
Both the active and return electrodes are connected to a high 
frequency voltage supply (not shoWn). On application of a 
high frequency voltage across the electrode in the presence of 
a conductive ?uid plasma id generated for use in treating 
tissue in accordance With the present method. A more detailed 
description of this phenomenon, termed CoblationTM, and the 
operation of the electrode illustrated in FIG. 3B can be found 
in commonly assigned US. Pat. No. 6,602,248 the complete 
disclosure of Which is incorporated herein by reference. 
Advantageously, as the tip of the electrode (34) presents a 
pointed, the electrode tip of FIG. 3B is bene?cially used for 
perforating smaller areas of tissue in the vicinity of the ulcer 
to induce blood ?oW to the tissue. 

[0034] In a typical procedure involving treatment of dia 
betic foot ulcer, it may be necessary to use one or more shapes 
of electrodes. For example, in a ?rst step, an electrode of the 
type illustrated in FIG. 3A may be employed to debride large 
area of unhealthy tissue surrounding the ulcer. Thereafter, an 
electrode as shoWn in FIG. 3B can be used to perforate the 
debrided area to induce blood ?oW. 

[0035] 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 speci?c applications. The active electrode surface 
(s) can have area(s) in the range from about 0.25 mm2 to 75 
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mm2, usually being from about 0.5 mm2 to 40 m2. The 
geometries can be planar, concave, convex, hemispherical, 
conical, linear “in-line” array, or virtually any other regular or 
irregular shape. 
[0036] Most commonly, the active electrode(s) or active 
electrode array(s) Will be formed at the distal tip of the elec 
trosurgical instrument shaft, frequently being planar, disk 
shaped, pointed or hemispherical surfaces for use in reshap 
ing 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 instrument 
shaft (e. g., in the manner of a spatula). 
[0037] The voltage difference applied betWeen the return 
electrode(s) and the return electrode is high or radio fre 
quency, 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 active electrode siZe, the operating fre 
quency and the operation mode of the particular procedure or 
desired effect on the tissue (e.g., contraction, coagulation, 
cutting or ablation). 
[0038] Typically, the peak-to-peak voltage for ablation or 
cutting of tissue Will be in the range of from about 10 volts to 
2000 volts, usually in the range of 200 volts to 1800 volts, and 
more typically in the range of about 300 volts to 1500 volts, 
often in the range of about 500 volts to 900 volts peak to peak 
(again, depending on the electrode siZe, the operating fre 
quency and the operation mode). LoWer peak-to-peak volt 
ages Will be used for tissue coagulation or collagen contrac 
tion and Will typically be in the range from 50 to 1500, 
preferably from about 100 to 1000, and more preferably from 
about 120 to 600 volts peak-to-peak 
[0039] The poWer source may be current limited or other 
Wise controlled so that undesired heating of the target tissue 
or surrounding (non-target) tissue does not occur. In a pre 
ferred embodiments, current limiting inductors are placed in 
series With each independent active electrode, Where the 
inductance of the inductor is in the range of 10 uH to 50,000 
uH, depending on the electrical properties of the target tissue, 
the desired tissue heating rate and the operating frequency. 
Alternatively, capacitor-inductor (LC) circuit structures may 
be employed, as described previously in Us. Pat. No. 5,697, 
909, the complete disclosure of Which is incorporated herein 
by reference. A more detailed description of this phenom 
enon, termed CoblationTM, can be found in commonly 
assigned U.S. Pat. No. 5,683,366 the complete disclosure of 
Which is incorporated herein by reference. 
[0040] The current ?oW path betWeen the active electrodes 
and the return electrode(s) may be generated by submerging 
the tissue site in an electrically conductive ?uid (e.g., a vis 
cous ?uid, such as an electrically conductive gel), or by 
directing an electrically conductive ?uid through a ?uid outlet 
along a ?uid 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 ?uid. In addition, 
the viscous nature of the gel may alloW the surgeon to more 
easily contain the gel around the target site (e.g., as compared 
With containment of a liquid, such as isotonic saline). A more 
complete description of an exemplary method of directing 
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electrically conductive ?uid betWeen active and return elec 
trodes is described in Us. Pat. No. 5,697,281, the contents of 
Which are incorporated by reference herein in their entirety. 
[0041] With reference to FIG. 4, the present method in one 
embodiment is a procedure for treating ulcers, including skin 
ulcer, mucus membrane ulcers, foot ulcers, a diabetic foot 
ulcer to promote healing. In particular embodiments, the 
method (50) includes the steps of: (52) positioning an active 
electrode in close proximity to the ulcer, the active electrode 
disposed on a distal end of a shaft; and (54) applying a 
high-frequency voltage potential difference across the active 
electrode and a return electrode su?icient to generate plasma 
at the active electrode, Whereby the ulcer is modi?ed by the 
active electrode. 
[0042] In one embodiment, a conductive ?uid such as iso 
tonic saline, a conductive gel, Ringer’s solution and body 
?uid such as blood and body plasma is preset and is in contact 
With the active electrode. As noted above, the conductive ?uid 
in the presence of a su?iciently high-frequency voltage Will 
generate plasma as used in the present method. 
[0043] In one embodiment, the conductive ?uid forms a 
conductive bridge betWeen the active electrode and the return 
electrode. In this embodiment, the active and return elec 
trodes are disposed on the distal end of an electrosurgical 
shaft as described above. Thus in this embodiment, since 
current does not pass into the tissue, plasma generated in the 
conductive ?uid is used to modify the tissue as described 
above. 

[0044] In an alternative embodiment, an electrically con 
ductive ?uid layer is provided in betWeen the active electrode 
and the tissue, in the vicinity of the tissue. In this embodi 
ment, in addition to plasma generated in the ?uid, current 
from the applied high frequency voltage is applied into the 
tissue. Thus With this embodiment, both current and plasma 
are used to modify the tissue. In one embodiment the applied 
high frequency voltage is adjusted to provide suf?cient cur 
rent for coagulating and sealing the tissue and stop bleeding. 
[0045] In various embodiments of the method, a suitably 
con?gured active electrode is used to treat the ulcer, for 
example, by debriding, perforating, inducing blood-?oW to 
tissue, coagulating tissue and volumetrically removing tissue 
in the vicinity of the ulcer. Thus, for example, an active 
electrode as schematically illustrated in FIG. 3A and com 
prised of a relatively Wide distal end can be used to debride 
and volumetrically remove unhealthy tissue in the vicinity of 
the ulcer. Thereafter, in accordance With the present method, 
the smaller active electrode schematically illustrated in FIG. 
3B can be used to perforate the tissue in the debrided area to 
cause blood ?oW for healing. 
[0046] In use, the active electrode is translated axially and 
radially over the tissue in the proximity of the ulcer to modify 
the tissue. Depending on the siZe of the debrided area and the 
lesion, small Wounds can be treated by a needle-type active 
electrode as illustrated in FIG. 3B Wherein many perforations 
are applied on the ulcer in a random manner, Whereas for 
cellulitis in the vicinity of the ulcer, the perforations may be 
applied in a grid-like manner. For larger and more compli 
cated ulcers, an electrode With a Wider tip as illustrated in 
FIG. 3A can be used for more aggressive treatment. 

[0047] In various embodiments, the tissue in the vicinity of 
the ulcer is treated With the active electrode for about 0.5 
seconds at a time. Depending on the siZe of the area to be 
treated the method in one embodiment involves perforating 
the tissue at about 2 to 5 mm apart in the vicinity of the ulcer 
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to form perforations With diameters of up to about 3 mm, and 
about 3 mm to 5 mm in depth. 
[0048] In both types of electrode con?gurations, an electri 
cally conductive ?uid is provided to generate plasma. 
Depending on the apparatus used, the conductive ?uid is 
provided by a lumen that discharges the ?uid in the vicinity of 
the tissue. Similarly, in alternate embodiments, a suction 
lumen is provided to suction ?uid and body tissue from the 
vicinity of the ulcer. 
[0049] While the invention is described With reference to 
the Figures and method herein, it Will be appreciate by one 
ordinarily skilled in the art that the invention can also be 
practiced With modi?cations Within the scope of the claims. 
The scope of the invention therefore should not be limited to 
the embodiments as described herein, but is limited only by 
the scope of the appended claims. 

1. An electrosurgical method of treating ulcer tissue, com 
prising: 

positioning an active electrode in close proximity to the 
ulcer tissue, the active electrode disposed on a distal end 
of a shaft; 

delivering an electrically conductive liquid proximate to 
the active electrode; and 

applying a high-frequency voltage potential difference 
across the active electrode and a return electrode in the 
presence of the electrically conductive liquid suf?cient 
to form a vapor layer at the active electrode, Whereby the 
vapor layer formed at the active electrode modi?es the 
ulcer tissue and promotes the healing of the ulcer tissue. 

2. The method of claim 1, Wherein the vapor layer com 
prises an ioniZed vapor layer. 

3. The method of claim 1, Wherein the ulcer tissue com 
prises skin ulcer tissue. 

4. The method of claim 1, Wherein the ulcer tissue com 
prises mucus membrane ulcer tissue. 

5. The method of claim 1, Wherein the ulcer tissue com 
prises foot ulcer tissue. 

6. The method of claim 1, Wherein the ulcer tissue com 
prises diabetic foot ulcer tissue. 

7. The method of claim 1, Wherein the ulcer tissue com 
prises cellulitic tissue. 

8. The method of claim 1, Whereby modifying the ulcer 
tissue comprises directing the vapor layer to the ulcer tissue. 

9. The method of claim 1, Wherein modifying the ulcer 
tissue is selected from the group consisting of debriding, 
perforating, inducing blood-?oW to, coagulating, and volu 
metrically removing ulcer tissue. 

10. The method of claim 9, modifying the ulcer tissue is 
selected from the group consisting of debriding, perforating, 
inducing blood-?oW to, coagulating, and volumetrically 
removing tissue in the vicinity of the ulcer tissue. 

11. The method of claim 1, Whereby positioning the active 
electrode comprises translating the active electrode across the 
ulcer tissue and tissue proximate to the ulcer tissue. 

12. The method of claim 1, Wherein the active electrode and 
the return electrode are disposed on the shaft. 

13. The method of claim 2, Wherein the ioniZed vapor layer 
induces the discharge of energetic electrons and photons to a 
surface of the ulcer tissue. 
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14. The method of claim 1, Wherein the electrically con 
ductive liquid comprises a conductive bridge betWeen the 
active electrode and the return electrode. 

15. The method of claim 1, Wherein the electrically con 
ductive liquid is selected from the group consisting of body 
?uid, a conductive gel, isotonic saline, and Ringer’s lactate 
solution. 

16. The method of claim 1, including contacting at least a 
portion of the ulcer tissue With the active electrode. 

17. The method of claim 1, further comprising submerging 
the ulcer tissue With electrically conductive liquid. 

18. The method of claim 1, further comprising directing the 
vapor layer to intermittently contact the ulcer tissue and tissue 
in the vicinity of the ulcer tissue for a speci?ed time period. 

19. The method of claim 9, Wherein perforating the tissue 
comprises forming a plurality of perforations in the ulcer 
tissue and in the vicinity of the ulcer, the plurality of perfo 
rations spaced less than 5 mm apart. 

20. The method of claim 9, Wherein perforating the ulcer 
tissue comprises forming a plurality of perforations With 
diameters of up to about 3 mm in the ulcer tissue and in the 
vicinity of the ulcer tissue. 

21. The method of claim 9, Wherein perforating the ulcer 
tissue comprises forming a plurality of perforations up to 
about 3 mm in depth in the ulcer tissue and in the vicinity of 
the ulcer tissue. 

22. The method of claim 9, Wherein perforating the ulcer 
tissue comprises forming a plurality of perforations up to 
about 5 mm in depth in the ulcer tissue and in the vicinity of 
the ulcer tissue. 

23. The method of claim 1, further comprising adjusting 
the voltage to cause coagulation of at least portions of ulcer 
tissue and at least portions of tissue in the vicinity of the ulcer 
tissue. 

24. The method of claim 1, Wherein the active electrode is 
connected With a high-frequency voltage supply and a con 
ductive liquid supply. 

25. The method of claim 1, Wherein the active electrode is 
selected from the group consisting of an electrode having a 
pointed tip, a Wire electrode, a screen electrode, and a suction 
electrode. 

26. The method of claim 1, Wherein the shaft comprises a 
suction lumen. 

27. The method of claim 1, Wherein the shaft comprises a 
liquid delivery lumen. 

28. An electrosurgical method of treating ulcer tissue, com 
prising: 

positioning an active electrode in close proximity to the 
ulcer tissue, the active electrode disposed on a distal end 
of a shaft; 

delivering a non-gaseous electrically conductive ?uid 
proximate to the active electrode; and 

applying a high-frequency voltage potential difference 
across the active electrode and a return electrode in the 
presence of the non-gaseous electrically conductive 
?uid suf?cient to form a vapor layer at the active elec 
trode, Whereby the vapor layer formed at the active elec 
trode modi?es the ulcer tissue and promotes the healing 
of the ulcer tissue. 


