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(57) ABSTRACT 

An electrosurgical aspiration instrument that permits aspi 
ration of an area being treated by the instrument. The 

instrument is coupled at a proximal end to a poWer source 

and includes an energy application surface area at a distal 

end. The poWer source supplied energy to the energy appli 
cation surface area such that the distal end of the instrument 

may apply energy to the treatment area to modify the 

characteristics of biological material, such as biological 
tissue in the area. An aspiration lumen is formed through the 
instrument With an opening through the energy application 
surface area. The energy application surface area is con?g 

ured to reduce blockage of the opening. Accordingly, aspi 
ration may be performed simultaneously With electrosurgi 
cal treatment Whereby unwanted matter such as by-products, 

biological debris and excess ?uid is removed from the 

treatment area. The electrosurgical aspiration instrument 
also permits both functions to be performed at different 

times, With the advantage of not requiring instruments to be 
switched on during the treatment procedure or removed 

from the treatment site. 
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SURGICAL INSTRUMENT FOR ABLATION AND 
ASPIRATION 

BACKGROUND 

[0001] The present invention relates to electrosurgical 
instruments and systems for treating a surgical site on a 
human or animal body such as biological tissue by the 
application of energy. More particularly, the invention 
relates to surgical devices and methods for applying high 
frequency energy to modify the characteristics of the tissue 
such as by ablation in combination With aspiration of any 
by-products from a surgical site. 

[0002] Numerous surgical instruments for the treatment of 
biological tissue through the application of energy in a Wide 
variety of medical procedures are knoWn in the art. For 
example, US. Pat. No. 4,593,691 to Lindstrom et al., US. 
Pat. No. 4,033,351 to HetZel, and US. Pat. No. 5,403,311 to 
Abele et al. are examples of electrosurgical probes for use 
during an electrosurgical procedure such as for cutting or 
ablating tissue. US. Pat. No. 5,458,596 to LaX et al. shoWs 
an eXample of an electrosurgical probe for the contraction of 
tissue by delivering electrical energy to the treatment tissue. 
Also, US. Pat. No. 3,828,780 to Morrison and US. Pat. No. 
5,277,696 to Hagen shoW electrosurgical instruments Which 
deliver electrical energy for coagulation during surgical 
procedures. 
[0003] The use of these instruments typically involves the 
transmission of energy to a distal end of the electrosurgical 
probe or instrument. The distal end is inserted into the body 
to a surgical site of a patient to apply energy during the 
procedure. The frequency, poWer, and voltage generated by 
the electrical instrument and transmitted to the distal end are 
selected depending on the type of procedure for Which the 
instrument is being used. For instance, such instruments are 
used for a variety of procedures such as heating, softening, 
shrinking, cutting and ablating tissue. 

[0004] Because such instruments may be used for different 
procedures, the tissue (or other body part) being treated may 
respond differently depending on the treatment being per 
formed. For instance, if the instrument is used to ablate the 
tissue, smoke and charring may be generated during the 
procedure or residual tissue debris may remain after treat 
ment. UnWanted air bubbles or eXcess ?uid may also be 
present in the treatment area that may interfere With effective 
treatment of the tissue and should be removed from the 
surgical site during the procedure. Thus, it is desirable to 
provide an electrosurgical device for aspirating the region 
being treated to remove smoke, tissue debris, eXcess ?uid 
and other unWanted matter from the tissue site being treated. 

[0005] During the usage of prior instruments, hoWever, 
such as in numerous of the above-mentioned instruments, 
the removal of unWanted matter generally requires the 
separate provision of an aspiration device. The use of tWo 
separate instruments increases the treatment time because 
the suction instrument must be separately inserted into the 
surgical site, used, and removed from the site before and/or 
after the electrosurgical treatment instrument is inserted or 
used at the site. Additionally, a separate suction instrument 
may be inserted into the surgical site through another access 
point Which creates another portal in the patient’s body 
Which possibly creates further complications such as infec 
tion and scarring. 
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[0006] US. Pat. No. 5,520,685 to WojciechoWicZ, US. 
Pat. No. 4,682,596 to Bales and US. Pat. No. 4,347,842 to 
Beale disclose suction devices in various combinations and 
con?gurations With the electrosurgical probe. US. Pat. No. 
5,195,959 to Smith also discloses an electrosurgical device 
With suction and irrigation to supply electrically conductive 
?uid Which adds even more material to the surgical site and 
Would need to be removed during the procedure. 
WojciechoWicZ, in particular discloses a suction coagulator 
With a suction lumen for the suction of by-products of 
electrosurgery through the instrument through a tip. Further, 
Hagen discloses a suction device for aspirating ?uid through 
the surgical probe. 

[0007] HoWever, the arrangement of the suction lumen in 
relationship to the electrosurgical portion is such that block 
age or clogging of the suction lumen can occur Which could 
complicate the surgical procedure and unWanted or unnec 
essary ablation could occur. Charred and ablated tissue and 
coagulated blood often clog the tips of electrosurgical 
devices. 

[0008] Therefore, it Would be desirable to provide an 
instrument that may be used not only to treat a patient but 
also to aspirate the treatment area during treatment to 
simultaneously remove unWanted material. The surgical 
device and method should be simple and operate in a 
standard surgical environment. The electrosurgical instru 
ment should provide the surgeon the ability to ablate, cut or 
coagulate in the same device While providing a suction 
means to aspirate surgical by-products from the surgical site. 
The suction and aspiration should be anti-clogging such that 
the device does not cause unWanted nor undesirable effects 
due to blockage. Such instrument and method should be able 
to precisely treat biological tissue With energy While effi 
ciently alloWing the surgeon to perform the medical proce 
dure quickly Without the need to utiliZe multiple instruments 
for the treatment. 

SUMMARY 

[0009] It is, therefore, an object of the present invention to 
provide a surgical instrument and method for the application 
of energy to a treatment area of a patient and for the 
aspiration of unWanted matter, such as smoke, air bubbles 
and biological Waste debris from the surgical site. 

[0010] It is a related object of the present invention to 
provide a combination of electrosurgical and aspiration 
instrument that provides an energy application surface area 
that applies energy uniformly over the treatment area and 
also permits aspiration therethrough so as to limit clogging. 

[0011] It is another object of the present invention to 
provide a combination electrosurgical and aspiration instru 
ment having both an active electrode and a return electrode 
at a distal tip of the instrument such that energy distribution 
is substantially limited to the distal tip surface. 

[0012] These and other objects and features are accom 
plished in accordance With the principles of the present 
invention by providing a probe having a cannula With at least 
one electrode for the transmission and application of energy 
to a treatment site along an energy application surface as 
Well as a suction lumen through Which unWanted matter and 
surgical by-products may be aspirated from the treatment 
area. Preferably, at least one electrode, an active electrode is 
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provided on a distal end of the probe. A return or indifferent 
electrode may located on the patients’ body or on the probe. 
The instrument is coupled to an energy generator that 
preferable includes controls that may be used to regulate the 
poWer, frequency, and voltage applied to the instrument to 
vary the type of treatment for Which the instrument is used. 
The regulation may include feedback controls. 

[0013] In one embodiment of the invention, the active 
electrode is provided With a plurality of small passages 
therethrough in a ?uid communication With the suction 
lumen of the instrument. An active electrode With such 
aspiration passages may be in the form of a mesh, a disc 
having perforations therethrough, or plural conductors sup 
ported by an insulator With apertures therethrough. Thus, 
aspiration of the treatment area occurs through at least a 
portion of the energy application surface. If desired, both the 
active and return electrodes may be positioned in substan 
tially the same plane such that energy distribution is sub 
stantially restricted to a substantially planar surface area, 
such as the surface area of the distal tip. 

[0014] In an alternative embodiment of the present inven 
tion, the surgical instrument has a shaft having distal and 
proximal ends. The shaft also de?nes at least one lumen. The 
lumen has at least one aspiration opening at the distal end. 
An active electrode is located at the distal end of the shaft 
Which de?nes an energy application surface. The active 
electrode is electrically coupled to a poWer source. A return 
electrode is coupled to the poWer supply such that a current 
path from the active electrode to the return electrode passes 
over the aspiration opening to prevent clogging of the 
opening. The return electrode may be located on a portion of 
the body of a patient or on the shaft. 

[0015] As negative pressure is applied to the lumen, 
matter that is in the surgical site is aspirated through the 
aspiration opening. The opening is con?gured to prevent 
clogging of the aspirated matter at the distal end. The 
aspiration opening may be de?ned by the active electrode 
Which is con?gured to prevent clogging of the aspiration 
opening and alloW continued desiccation of the unWanted 
aspirated matter such that the matter Will move easily 
through the aspiration lumen. 

[0016] These and other features and advantages of the 
present invention Will be readily apparent from the folloW 
ing draWings and detailed description of the invention, the 
scope of the invention being set out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The detailed description Will be better understood 
in conjunction With the accompanying draWing, Wherein like 
reference characters represent like elements, as folloWs: 

[0018] FIG. 1 is a perspective vieW of an electrosurgical 
aspiration instrument formed in accordance With the prin 
ciples of the present invention; 

[0019] FIG. 2 is a cross-sectional vieW along aXis A-A of 
FIG. 1; 

[0020] FIG. 3 is an end vieW of a distal tip of the 
instrument of FIG. 1; 

[0021] FIG. 4 is an end vieW of a distal tip of the 
instrument of FIG. 1 shoWing an alternative tip embodi 
ment; 
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[0022] FIG. 5 is a perspective vieW of an electrosurgical 
aspiration instrument according to the present invention With 
a distal tip active electrode having a conveX con?guration; 

[0023] FIG. 6 is a perspective vieW of an electrosurgical 
aspiration instrument according to the present invention With 
a distal tip active electrode having a concave con?guration; 

[0024] FIG. 7 is a cross-sectional vieW of a basic distal tip 
portion of the instrument of FIGS. 5 and 6. 

[0025] FIGS. 8A and 8B are cross-sectional and end 
vieWs, respectively, of an electrosurgical aspiration instru 
ment shoWing one embodiment of an active electrode in a 
coil con?guration With an internal return electrode; 

[0026] FIGS. 9A and 9B are cross-sectional and end 
vieWs, respectively, of an electrosurgical aspiration instru 
ment according to the present invention shoWing an active 
electrode in a ring con?guration With an internal return 
electrode; 
[0027] FIGS. 10A and 10B are cross-sectional and end 
vieWs, respectively, of an electrosurgical aspiration instru 
ment according to the present invention shoWing one 
embodiment of an active electrode in a prong con?guration 
With an internal return electrode; 

[0028] FIGS. 11A-C are cross-sectional and perspective 
vieWs, respectively, of an electrosurgical aspiration instru 
ment according to present invention having a mechanical 
grating con?guration of the active electrode With an external 
return electrode; FIG. 11A is a ring grating con?guration; 
FIG. 11B is a rasp grating con?guration; 

[0029] FIGS. 12A and 12B are cross-sectional and per 
spective vieWs, respectively, of an electrosurgical aspiration 
instrument With an alternative embodiment shoWing an 
active electrode having a cross con?guration for mechanical 
grating and delivery of energy; 

[0030] FIGS. 13A and 13B are cross-sectional and per 
spective vieWs, respectively, of an alternate aspiration 
instrument of FIGS. 12A and 12B With an active electrode 
having an ashtray con?guration for mechanical grating and 
energy delivery With an internal return electrode; 

[0031] FIGS. 14A and 14B are cross-sectional and per 
spective vieWs, respectively, of the instrument of FIGS. 13A 
and 13B shoWing an eXternal return electrode; 

[0032] FIGS. 15A-C are detailed perspective, end, and 
cross-sectional vieWs of the distal tip of an electrosurgical 
aspiration instrument according one embodiment of the 
present invention; FIG. 15A is a detailed perspective vieW 
of an active electrode With an aspiration opening; FIG. 15B 
is an end vieW of the active electrode; and FIG. 15C is a 
cross-sectional vieW along line A-A of the active electrode 
of FIG. 15B; 

[0033] FIGS. 16A and 16B are cross-sectional and per 
spective vieWs of an alternative embodiment of the instru 
ment present invention Wherein the distal tip is a true bipolar 
con?guration having a single aspiration opening; 

[0034] FIGS. 17A and 17B are perspective and cross 
sectional vieWs of an alternate embodiment of the instru 
ment according to the present invention shoWing a true 
bipolar con?guration of the distal tip having multiple aspi 
ration openings; 
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[0035] FIGS. 18A-C are cross-sectional, end and perspec 
tive views of an alternative embodiment of the distal tip 
having a single aspiration opening With both active and 
return electrodes formed by loop prongs de?ning the energy 
application surface; 

[0036] FIG. 19 is a perspective vieW of the complete 
electrosurgical instrument of the present invention shoWing 
a probe having a handle and a shaft With a distal tip for 
treatment With a suction line and control; and 

[0037] FIGS. 20 and 21 are alternative embodiments of 
the distal end shaft of FIG. 19 according to the present 
invention having a pre-bent distal end in a 30 degree 
con?guration and a 90 degree con?guration, respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] An embodiment of an electrosurgical aspiration 
instrument 10 capable of aspirating a patient treatment area 
Within a standard surgical environment in accordance With 
the principles of the present invention is illustrated in FIGS. 
1 and 2. Electrosurgical aspiration instrument 10 is in the 
form of a probe having, generally, a shaft 27 disposed along 
longitudinal axis A-A, a distal end 12 at Which treatments 
are performed and a proximal end 14 at Which instrument 10 
is coupled to a poWer source (not shoWn) via poWer line 16. 
PoWer line 16 supplies energy to distal end 12 for treatment. 
The poWer source preferably permits modi?cation and 
adjustment of the poWer, frequency, and voltage of the 
energy transmitted to distal end 12. A handle 17 may be 
provided to facilitate grasping of instrument 10 adjacent 
proximal end 14. At least one actuator 18, such as an 
aspiration control valve or sWitch or a poWer button may be 
provided. In a preferred embodiment, a foot pedal (not 
shoWn) is provided to control poWer supplied to distal end 
12 and actuator 18 controls aspiration through the instru 
ment. Additional actuators or controllers, such as for adjust 
ing the poWer, frequency, or voltage, may be provided either 
on instrument 10 itself or on the poWer source if desired. 

[0039] Electrosurgical aspiration instrument 10 has an 
energy application surface or plane 20 formed by at least one 
electrode that applies energy to the patient area to be treated. 
In one embodiment, instrument 10 has at least tWo elec 
trodes, active electrode 22 and return electrode 24 that 
cooperate to apply energy across surface 20. Electrodes 22 
and 24 are formed from electrically conductive materials, for 
example a medical grade stainless steel, capable of With 
standing the high temperatures resulting from use of instru 
ment 10. It Will be appreciated that the material that is 
selected for electrodes 22 and 24 has de?ned conductivity 
characteristics that affects the poWer necessary to achieve 
the desired treatment operation. 

[0040] As shoWn in FIGS. 1 and 2, active electrode 22 is 
positioned at the open distal end of shaft 27 of electrosur 
gical aspiration instrument 10. Although shaft 27 may be a 
separate element, preferably, return electrode 24 serves a 
dual purpose as both the return electrode that completes the 
energy circuit With active electrode 22 as Well as the shaft of 
instrument 10. It Will be appreciated that the arrangement of 
electrodes 22 and 24 may be reversed, such that the active 
electrode is in the form of a shaft With an open distal end on 
Which the return electrode is positioned. Alternatively, the 
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return electrode may be located on a point external to the 
treatment site such as placing a grounding pad or plate on the 

body (not shoWn). 
[0041] PoWer is transmitted to active electrode 22 from 
poWer line 16 via a conductive element 26, such as a Wire, 
as shoWn in FIG. 2. Return electrode 24, as described above, 
is preferably in the form of an electrically conductive shaft, 
preferably formed from 304 stainless steel or any other 
biocompatible conductive material, that extends from distal 
end 12 of instrument 10 to proximal end 14. The end of 
return electrode 24 adjacent proximal end 14 of instrument 
10 is coupled to the poWer source to communicate the poWer 
source at proximal end 14 With distal treatment end 12 and 
thereby to complete the energy supply circuit of electrosur 
gical aspiration instrument 10. If desired, the shaft forming 
a return electrode 24 may be formed from a malleable 
material so that it is shapeable by the user. HoWever, the 
distal-most end of instrument 10 should not be ?exible. 
Additionally, any bend imparted to instrument 10 should not 
be so extreme as to close off the lumen formed therethrough 
and described in further detail beloW. 

[0042] Electrodes 22 and 24 are electrically isolated from 
each other such that electrical arcing betWeen active elec 
trode 22 and return electrode 24 generates treatment energy 
along energy application surface 20 that may be applied to 
the patient. Electrical isolation or insulation of electrodes 22 
and 24 at energy application surface 20 may be accom 
plished by the provision of insulator 28 therebetWeen. Insu 
lator 28 is formed from many desired insulative material, 
such as ceramic, te?on or pyrolytic carbon, that may With 
stand the high temperatures that may result upon application 
of energy at distal end 12 during use of the instrument 10. 
Preferably, active electrode 22, return electrode 24, and 
insulator 28 permit ?uid communication through instrument 
10 from the treatment area at Which energy application 
surface 20 is applied to proximal end 14, as described in 
further detail beloW. 

[0043] In addition, electrodes 22 and 24 must also be 
electrically isolated axially along longitudinal axis 11 
betWeen proximal end 14 (at Which instrument 10 applies 
treatment energy) so that poWer supply to energy application 
surface 20 is not shorted. Although insulation on Wire 26 is 
typically suf?cient to electrically insulate active electrode 22 
from return electrode 24, optional insulation 30 on interior 
surface 32 of return electrode 24 may be provided. Insula 
tion 30 is selected from biocompatible and electrically 
insulative material Which could include nylon, polyimide or 
other shrink tubing and also functions to limit the heat 
transfer to the shaft. If active electrode 22 (rather than return 
electrode 24) is coupled to the poWer source via a conductive 
shaft as mentioned above and described With respect to the 
embodiments of FIGS. 8-11, insulation 30 Would be more 
desirable. An insulative cover 34, such as formed from a 
te?on coating or a heat shrink cover, is provided over 
exterior surface 36 of return electrode 24 to restrict the 
extent of arcing and hence energy supplied to distal treat 
ment end 12 of instrument 10. 

[0044] Instrument 10 may be substantially straight, or may 
have a slight bend at distal end 12 such that energy appli 
cation surface 20 is slightly offset form longitudinal axis 11. 
As shoWn in FIGS. 1 and 2, the energy application surface 
20 of electrosurgical aspiration instrument 10 extends along 
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distal end 12 (approximately transverse to longitudinal axis 
A-A in a straight instrument). However, it Will be appreci 
ated that electrodes 22 and 24 may be provided at different 
positions at distal end 12 to alter the location of energy 
application surface 20. 

[0045] Electrosurgical aspiration instrument 10 may be 
used for a variety of electrosurgical treatments. On particular 
use of instrument 10 is for ablation of human or animal 
tissue. Because ablation generally occurs at very high tem 
peratures, e.g. 300-1000 degrees Celsius, smoke and/or 
vapor may be generated during ablation. It may be desirable 
to remove smoke; unWanted or excess gases, such as air 
bubbles; ?uids, such as irrigation ?uid required to irrigate or 
enhance conduction after treatment; from the treatment area 
during treatment. Moreover, debris or other materials or 
biological elements may remain after the ablation procedure 
that should be removed from the treatment area. Thus, in 
accordance With the principles of the present invention, 
instrument 10 is also designed to aspirate such unWanted 
matter from the treatment area during the electrosurgical 
procedure performed thereby. It Will be appreciated that 
aspiration may be performed either simultaneously With, 
before, or after electrosurgical treatment of an area. Further, 
it should be appreciated that a poWer source may be used 
Which sequentially, or in a predetermined sequence, supplies 
poWer to the active electrode and then provides poWer for 
aspiration. Accordingly, an aspiration lumen 50 is provided 
Within electrosurgical aspiration instrument 10 along longi 
tudinal axis A-A. Aspiration lumen 50 may be formed by 
interior Wall or surface 32 of return electrode 24 and is in 
?uid communication With a aspiration line 52 Which couples 
proximal end 14 of instrument 10 With a vacuum source of 
other aspiration device (not shoWn). Aspiration line 52 is 
preferably standard tubing for connection to a suction source 
and device. 

[0046] In order to facilitate aspiration during electrosur 
gical treatment, such as during ablation or coagulation, 
instrument 10 is provided With an aspiration means Which 
permits aspiration through energy application surface 20. 
This is accomplished by providing at least one through-hole 
or aperture 25 through active electrode 22 Which de?nes 
surface 20. Alternatively, a plurality of through-holes or 
apertures through active electrode 22 may be used to aid in 
aspiration of the electrosurgical probe. In the embodiment of 
FIGS. 1 and 2, active electrode 22 is in the form of a Wire 
mesh or screen 22A supported by an electrically conductive 
ring 22B. Mesh 22A and ring 22B comprising active elec 
trode 22 are formed from a conductive materials, such as 
stainless steel, tungsten, or titanium or their alloys, that can 
Withstand the high temperatures resulting from use of instru 
ment 10. The entire mesh and ring of active electrodes 22 
serves as the energy application surface and is poWered by 
the poWer supply so that the electrosurgical application, such 
as ablation, occurs over the electrode. Thus, the active 
aspiration is approximately co-extensive With energy appli 
cation surface 20. The preferred range of mesh siZes is from 
approximately 30 mesh to approximately 55 mesh. 

[0047] The interstices betWeen the mesh permit ?uid com 
munication therethrough such that unWanted matter (e.g., 
ablated tissue, smoke, air bubbles, and other elements or 
biological debris) may pass through the mesh and into 
aspiration lumen 50 for transport aWay form the treatment 
area. Moreover, because poWer is supplied substantially 
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uniformly over the entire mesh of active electrode 22, 
unWanted matter that is too large to ?t through the interstices 
of the mesh are caught on the mesh and accordingly ablated 
thereby When poWer is applied to the electroconductive 
mesh. As the mesh heats up, the matter is ablated until it 
becomes small enough to ?t through the mesh. It Will be 
appreciated that the energy application surface has a uniform 
electrical potential being one piece across the surface of the 
mesh. Additionally, a blockage occurring at one portion of 
the mesh causes an increase in the suction force at unblocked 
portions of the mesh forming a non-uniform suction path. As 
the suction force increases in the unblocked areas, a differ 
ential axial suction force is created in Which the blockage is 
turned and tWisted to continue ablation and pass through 
apertures 25 to be aspirated through aspiration lumen 50. 
Thus, active electrode 22 not only provides treatment energy 
but also permits aspiration therethrough, as Well as destruc 
tion of larger pieces of unWanted matter during aspiration 
Which might otherWise clog the aspiration lumen 50. 

[0048] Moreover, in the present embodiment, return elec 
trode 24 is located on shaft 27 proximal to active electrode 
22. This de?nes a unipolar con?guration Where the return 
electrode 24 has a larger surface area than active electrode 
22 functions as an indifferent return to the poWer source and 
the energy is diffuse around electrode 24. This provides the 
active electrode 22 With a higher current density such that 
treatment energy is croWded and the treatment effect is 
generally in the area of tissue in proximity to active elec 
trode 22. In an alternative embodiment, however, return 
electrode 24 may be located on a surface on the patient’s 
body in the form of a grounding plate or pad. In this 
con?guration, the return electrode functions to return the 
treatment energy to the poWer source to de?ne a monopolar 
con?guration. 

[0049] Referring to FIG. 3, the electrosurgical probe of 
FIGS. 1 and 2 is illustrated in an end vieW. Mesh 22A of 
active electrode 22 forms the energy application surface. 
The spacing betWeen the mesh form multiple apertures 25 to 
alloWs for suction of unWanted matter through the distal end 
and aspiration opening. Although a substantially ?at piece of 
mesh may be used, the mesh may be formed into any desired 
shape to vary the contour of the contact surface provided by 
the mesh. For instance, the mesh forming active electrode 22 
may be domed to conform substantially With concave body 
parts to be treated by electrosurgical aspiration instrument 
10. Pointed, convex, rippled, or other contours may be 
provided instead, depending on user preferences or other 
contours of the area to be treated. Insulator 28 electrically 
isolates active electrode 22 from return electrode 24. 

[0050] In FIG. 4, instead of providing active electrode 22 
in the form of a mesh, active electrode 22 may take on an 
alternative form With apertures provided to permit aspiration 
therethrough. For example, active electrode 22 may be in the 
form of a disc or conductive plate 42 With perforations 45 
formed therethrough. In an exemplary embodiment, such a 
plate may be secured Within the distal end of annular 
insulator 28 in place of mesh electrode 22 as shoWn in FIG. 
2. In a preferred embodiment, perforations 45 have a diam 
eter of approximately 0.010-0.020 inches. In general, the 
perforations should be small enough to reduce particle siZe 
passing therethrough such that doWnstream clogging is 
minimiZed While large enough to provide effective aspira 
tion Without blockage of the distal tip 12. LikeWise, any 
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other type of conductive element formed as a honeycomb or 
other such shape that permits aspiration therethrough may be 
used. 

[0051] Alternative con?gurations of electrodes Which 
de?ne an energy application surface and permit aspiration 
therethrough are illustrated in FIGS. 5-7, as described 
beloW. It Will be appreciated that the form of the active 
electrode may be modi?ed as desired so long as external 
access to the internal lumen through the shaft of the elec 
trosurgical aspiration instrument of the present invention is 
permitted. It Will further be appreciated that the form and 
relative arrangement of the active electrode With respect to 
the return electrode may be modi?ed as desired. HoWever, it 
is desirable that the resulting energy application surface 
extends at least over a portion of the lumen opening to 
permit cooperation betWeen the energy application surface 
and the process of aspiration. This provides for reduction in 
blockage. 
[0052] Electrosurgical instrument 510 of FIG. 5 has a 
substantially centrally located electrode 522 and a ring 
shaped electrode 524 both of Which are positioned at distal 
end 512 of instrument 510. One of electrodes 522, 524 is an 
active electrode and the other of electrodes 522, 524 is a 
return electrode. Both electrodes are supported and electri 
cally isolated by insulator 528. A suitable insulative coating 
or covering 534 is provided over the exterior surface of 
instruments 10. Apertures 525 permit aspiration as a suction 
force is applied to aspiration lumen 550 to draW unWanted 
matter through apertures and through the instrument 510. 

[0053] As shoWn in FIG. 5, insulator 528 has a convex 
Working surface such that central electrode 522 is slightly 
distal of ring-shaped electrode 524 to form a unipolar 
con?guration. HoWever, it Will be appreciated that a sub 
stantially ?at Working surface my be used instead such that 
the energy application ends of both electrodes are coplanar. 

[0054] Alternatively, a concave Working surface may be 
used, as in electrosurgical instrument 610 of FIG. 6, such 
that ring-shaped electrode 624 is slightly distal of central 
electrode 622. The instrument 610 as shoWn in FIG. 6 
includes apertures 625 Within insulator 628 for aspiration 
from the distal tip 612 through aspiration lumen 650. Outer 
insulation 634 covers the instrument shaft. 

[0055] The arrangement and electrical connections of 
electrodes 522 and 524 of electrosurgical instrument 510 
may be appreciated With reference to FIG. 7. It Will be 
understood that a similar arrangement may be used for 
electrosurgical instruments 510 and 610 as Well. In the 
exemplary embodiment, FIG. 7 illustrates a cross-section 
through shaft 727 shoWing electrical poWer conductor 716, 
in the form of a Wire extending proximally from a poWer 
source (not shoWn) located at proximal end 714 to distal 712 
of instrument 710. PoWer conductor 716 passes through 
lumen 750 and provides poWer to central electrode 722. 
Electrical poWer conductor 736 is in the form of shaft 727 
being electrically conductive and conductor 736 electrically 
coupled to return electrode 724 via extension 736. Electrical 
conductors 716, 726, and 736 are electrically isolated from 
each other in any desired manner, such as in With insulative 
material such as interior insulation 730 in a manner 
described above. An insulative coating or covering 734 is 
provided on the exterior surface of instrument 710, prefer 
ably to protect the patient from any energy discharge con 
ducted through electrical conductor 736. 
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[0056] Apertures 525, 625, and 725 are provided through 
insulator 528, 628 or 728, respectively, such that instruments 
510, 610, and 710 also perform an aspiration function as 
previously described. In particular, the apertures provide for 
aspiration through the energy application surface Which is 
de?ned by the electrode planes. It Will also be appreciated 
that certain advantages in localiZed energy application may 
be realiZed due to the placement of both electrodes on the 
distal tip of the device. 

[0057] It should be appreciated that active electrode in 
FIGS. 5-7 can be siZed appropriately, relative to return 
electrode or vice versa, such that application of poWer to the 
active electrode and use of the electrosurgical instrument 
approximates the effect delivered by a bipolar electrosurgi 
cal instrument. In a typical bipolar instrument, both elec 
trodes are of the same siZe and approximately located With 
in the same proximity such that both electrodes equally 
affect the tissue area to Which the instrument is applied. By 
siZing the active electrode and the return electrode to be of 
approximately equivalent siZes, a bipolar effect may be 
achieved With the present invention. It should further be 
appreciated that it is possible to siZe the electrodes in any of 
the embodiments of the present invention so as to achieve a 
bipolar effect. The return electrode of the present invention 
may also be located on the patient’s body as discussed 
above. 

[0058] FIGS. 8A and 8B, FIGS. 9A and 9B and FIGS. 
10A and 10B, illustrate similar embodiments of the elec 
trosurgical aspiration instrument of the present invention. 
For the sake of simplicity, descriptions of elements or 
features of the embodiments of FIGS. 8-10 that are sub 
stantially the same (and thus referenced by the same refer 
ence numbers) are not repeated in detail, reference being 
made to the description provided in connection With similar 
elements described With reference to FIGS. 8-10. 

[0059] FIGS. 8A and 8B illustrate one alternative 
embodiment of electrosurgical instrument 810 having an 
active electrode 822 in the form of a ringed coil on distal tip 
812. The coil of active electrode 822 may be preformed 
memory metal or a continuous Wire Which is looped on distal 
tip 812. 

[0060] FIG. 8A is a cross-sectional vieW shoWing coil 
active electrode 822 on distal end 812. The outermost 
portion of coil active electrode 822 de?nes energy applica 
tion surface 820 Which forms both an energy treatment 
surface through the delivery of energy and a mechanical 
grating surface. Electrode 822 is preferably electrically 
connected through shaft 827 to the poWer source through 
conductor 816. Electrode 822 is in the form of a ring on the 
distal tip and de?nes aspiration aperture 825. Insulative 
material 830 lines aspiration lumen 850 to provide both 
electrical insulation from any stray electrical current and 
thermal insulation of the shaft. Return electrode 824 is 
located internally Within aspiration lumen 850 and is elec 
trically isolated from the active electrode 822 by insulator 
828 and insulation material 830. Return conductor 826 
connects the return electrode 824 to the poWer source (not 
shoWn) at proximal end 814. 

[0061] In this con?guration, the internal return electrode 
824 forms a small boiling chamber Whereby any matter 
being aspirated through aperture 825 and past active elec 
trode 822 increases the impedance to increase the delivery of 
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energy in the region between the electrodes. As the energy 
output from the poWer source increases in response to the 
change in impedance, any matter located betWeen the elec 
trodes is ablated to prevent blockage of the aperture 825 and 
facilitate aspiration through aspiration lumen 850. As 
smaller matter and debris and any eXcess ?uid pass freely 
through aperture 825 and betWeen the electrodes, the How of 
material cools both electrodes to prevent any hot spots or 
unWanted ablative treatment effect. 

[0062] Further, the internal return electrode 824 may pro 
vide a bene?t of localiZed heating Within the distal end 812 
of the surgical instrument 810. As the suction force is 
applied through aspiration lumen 850 and ?uid and surgical 
by-products ?oW through aperture 825, a pulling force is 
created Within the local environment surrounding the distal 
end 812 and active electrode 822. Similar to the blockage 
and cooling described above, the high intensity energy 
delivery is limited to an area in close proximity to the 
aperture 825. Thus, ablation and other surgical procedures 
can be more precise since energy delivery is limited to the 
area immediately surrounding aperture 825. The surgeon can 
control the treatment by direct placement of distal end 812 
and electrode 822 on the biological tissue and limit the 
ablative effect to the tissue. 

[0063] FIGS. 9A and 9B illustrate another alternative 
embodiment of electrosurgical instrument 810 having an 
active electrode 922 in the form of a ring electrode on distal 
tip 812. The ring electrode con?guration of active electrode 
922 may be preformed memory metal or a solid metal tip on 
distal tip 812. Electrode 922 is formed of any biocompatible 
material including stainless steel, tungsten, titanium or any 
of its respective alloys. 

[0064] FIG. 9A is a cross-sectional vieW shoWing ring 
active electrode 922 on distal tip 812. The outermost portion 
of the ring active electrode 922 de?nes energy application 
surface 820 Which forms both an energy treatment surface 
through the delivery of energy and a mechanical smoothing 
surface. In this embodiment, the rounded surface provides a 
more diffuse energy application surface than electrode 822 
of FIG. 8. This provides a surgeon With the ability to sculpt 
the body tissue by smoothing irregular areas by passing the 
curved electrode 922 over the tissue. The electrode 922 may 
also be formed into a sharp edge to provide a mechanical 
scraping surface for the removal of unWanted tissue. The 
electrical current is then croWded for maXimum ablative 
effect along the sharp edge. Electrode 922 is preferably 
electrically connected through shaft 827 to the poWer source 
through conductor 816. Electrode 922 is in the form of a ring 
on the distal tip and de?nes aspiration aperture 825. Insu 
lative material 830 lines aspiration lumen 850 to provide 
both electrical insulation from any stray electrical current 
and thermal insulation of the shaft. Return electrode 824 is 
located internally Within aspiration lumen 850 and is elec 
trically isolated from the active electrode 922 by insulator 
828 and insulation material 830. Return conductor 826 
connects the return electrode 824 to the poWer source (not 
shoWn) at proXimal end 814. 

[0065] FIG. 9B is an end vieW of the distal tip of the 
instrument of FIG. 9A. Active electrode 922 is shoWn as a 
ring around the aspiration lumen to de?ne aperture 825. 
Return electrode 824 is shoWn Within the aspiration lumen 
and is electrically isolated from the active electrode 922 by 
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insulator 828. Internal return electrode 824 functions to form 
a boiling chamber as described above. 

[0066] FIGS. 10A and 10B illustrate another alternative 
embodiment of electrosurgical instrument 810 having an 
active electrode 1022 in the form of a double prong on distal 
tip 812. The double prong con?guration of active electrode 
1022 may be preformed memory metal or a solid metal 
partial loop or coil on distal tip 812. Electrode 1022 is 
formed of any biocompatible material including stainless 
steel, tungsten, titanium or any of its respective alloys. 

[0067] FIG. 10A is a cross-sectional vieW shoWing prong 
active electrode 1022 Within insulator 828. The prong is 
preferably ?Xed Within insulator 828 such that one end is 
?Xed Within the insulator 828 and a portion of the prong 
passes over aperture 825 to ?X into the opposite side of the 
insulator 828. The outermost edge portion of the prong 
active electrode 1022 de?nes energy application surface 820 
Which forms both an energy treatment surface through the 
delivery of energy and a mechanical treatment surface. In 
this embodiment, a rounded prong surface provides a 
smoothing function as described above. The prong active 
electrode 1022 may also be formed into a sharp edge to 
provide a mechanical scraping surface for the removal of 
unWanted tissue. The electrical current is then croWded for 
maXimum ablative effect along the sharp edge. Electrode 
1022 is preferably electrically connected through shaft 827 
to the poWer source through conductor 816. Insulative 
material 830 lines aspiration lumen 850 to provide both 
electrical insulation from any stray electrical current and 
thermal insulation of the shaft. Return electrode 824 is 
located internally Within aspiration lumen 850 and is elec 
trically isolated from the active electrode 1022 by insulator 
828 and insulation material 830. Return conductor 826 
connects the return electrode 824 to the poWer source (not 
shoWn) at proXimal end 814. 

[0068] FIG. 10B is an end vieW of the distal tip of the 
instrument of FIG. 10A. Active electrode 1022 is shoWn as 
a prong passing over aperture 825. In this embodiment, tWo 
prongs pass over the aperture 825 to prevent blockage of the 
aperture. Both electrode prongs are electrically connected to 
the poWer source through a single conductor 816 such that 
equal poWer is transmitted to active electrode 822 at the 
same time for equal effect. It Will be appreciated that any 
number of prongs and the con?gurations may be use. Return 
electrode 824 is shoWn Within the aspiration lumen and is 
electrically isolated from the active electrode 922 by insu 
lator 828. 

[0069] FIGS. 11A-C illustrate yet another embodiment of 
the present invention in Which the active electrode 1122 is 
formed from a portion of shaft 1127. FIG. 11A shoWs a 
distal end 1112 With active electrode 1122 forming an energy 
application surface 1120 for treatment of body tissue at a 
surgical site. At proXimal end 1114, conductor 1116 connects 
the shaft to electrically activate the active electrode 1122. 
Return electrode 1124 is located externally to shaft 1127 and 
is electrically isolated from the active electrode 1122 by 
insulator 1128. Preferably, return electrode 1124 is in the 
form of a ring electrode around a circumference of the shaft 
1127. Return conductor 1126 connects return electrode 1124 
to the poWer source. The return electrical path may also be 
located on the patient’s body as discussed previously. Shaft 
insulation 1134 covers shaft. 1127. The interior suction 
lumen 1150 may also be lined With an insulative material. 
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[0070] An alternate embodiment of the active as shown in 
FIG. 11B is similar to the electrosurgical aspiration instru 
ment of FIG. 11A Where like elements are described With 
the same reference numbers. In this con?guration, active 
electrode 1122 has cutouts 1129 to form a grating surface 
With cutout edges 1180. By con?guring the active electrode 
With cutout edges, the active electrode 1122 forms high 
current densities at the energy application surface 1120 such 
that current is croWded at the edges 1180. Thus, maximum 
ablation in combination With a mechanical cutting and 
grating effect is achieved. Additionally, ?uid may be deliv 
ered through the lumen to be delivered to the site When 
connected to a ?uid delivery source and aspirated through 
the same lumen 1150 When connected to a suction source. 

[0071] FIG. 11C illustrates a perspective vieW of the 
electrosurgical instrument of FIG. 11B. Edges 1180 pro 
trude beyond the shaft and insulator 1128 for both delivery 
of treatment energy for ablation, cutting or coagulation and 
mechanical scraping for removal of unWanted tissue. As the 
current is croWded at the edges 1180, the mechanical scrap 
ing and cutting is facilitated by providing an ablative effect 
at a precise cutting point along the tissue. In this embodi 
ment, the treated tissue is then aspirated through the aspi 
ration lumen aWay from the surgical site. 

[0072] FIGS. 12A and 12B illustrate another embodiment 
of the present invention in Which the active electrode is 
formed into a cross-shape With aspiration provided through 
and around the arm extensions. FIG. 12A shoWs a cross 
section vieW of the active electrode 1222 of electrosurgical 
instrument 1210. The active electrode 1222 is located at the 
distal end 1212 of shaft 1227 of instrument 1210. Shaft 1227 
may be covered by shaft insulation 1234. Active electrode 
1222 is connected to a poWer source (not shoWn) by elec 
trical conductor 1216. The arm extensions of active elec 
trode 1222 are mostly planar With the main body of the 
electrode and extend outWard to form edges 1280. Apertures 
1225 are formed betWeen the arms of active electrode 1222. 
Amiddle portion of active electrode 1222 may also be raised 
from the main body to form a middle edge 1280. By raising 
edges 1280, the current is croWded along the edges for 
increased electrical density at edges 1280 for an ablative 
effect. Edges 1280 may also be con?gured and sharpened for 
a simultaneous mechanical scraping and grating effect at the 
surgical site. 

[0073] The placement of edges 1280 also prevents block 
age of the apertures 1225 as current is delivered to the active 
electrode. As the current is croWded along edges 1280, any 
matter resulting from the surgical site Which is blocking the 
aperture 1225 increases the impedance betWeen edges 1280 
causing an increase in poWer. As the poWer increases, the 
treatment energy ablates the unWanted matter into a smaller 
siZe to pass through the aperture. For example, if unWanted 
matter blocks one quadrant of the aperture 1225, impedance 
is increased along edge 1280 near the blockage. Since the 
force of suction is equal through the apertures, the suction 
unequally increases at the other quadrants thereby pulling 
the blockage along various axial planes. The increased 
treatment energy delivery ablates portions of the blockage to 
a point in Which the unWanted matter moves easily through 
any of the apertures. This effect is similar to the mesh 
con?guration of FIG. 1 in Which the ablative effect due to 
the electrode design across the aspiration aperture opening 
assists in further ablation of any blockage or unWanted 
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material. The differential suction over the other non-blocked 
apertures creates a differential axial aspiration effect thereby 
assisting in removing the blockage. 

[0074] Return electrode 1224 is located internally Within 
aspiration lumen 1250 to form a boiling chamber as 
described above. The electrical energy is returned to the 
poWer source from return electrode 1224 by return conduc 
tor 1226. The return electrode 1224 is electrically insolated 
from active electrode 1222 by insulator 1228. 

[0075] FIG. 12B is a perspective vieW of the instrument 
1212 of FIG. 12A. In this embodiment, edges 1280 are 
raised to form a cup or pocket for ablation. Edges 1280 
function as both a mechanical cutting surface edge and a 
current croWding edge for effective ablation. 

[0076] Another embodiment is illustrated by FIG. 13A in 
Which electrosurgical instrument 1310 has an ashtray con 
?guration of the active electrode 1322. Active electrode 
1322 is located on the distal end 1312 of shaft 1327. The 
instrument shaft may be covered With shaft insulator 1334. 
Active electrode 1322 is in an ashtray con?guration Where 
cutouts 1329 are formed in energy application surface 1320. 
By forming cutouts 1329, edges 1380 are formed Within the 
energy application surface 1320 of active electrode 1322. 
Edges 1380 form both a mechanical tissue removal surface 
simultaneously With a current croWding edge for maximum 
energy delivery effect. Blockage of aperture 1325 can also 
be prevented and eliminated by con?guring active electrode 
1322 With edges 1380 near the aperture 1325. Electrical 
conductor 1316 electrically couples the electrode 1322 to the 
poWer source (not shoWn). Active electrode 1322 is con?g 
ured With a central aperture 1325 Which communicates With 
aspiration lumen 1350. Return electrode 1324 is located 
Within aspiration lumen 1350 and is proximal to active 
electrode 1322 to form a boiling chamber as described 
above. Insulator 1328 insulates electrodes 1322 and 1324. 
An internal lining 1330 may also line aspiration lumen 1350 
to function as both an electrical and thermal insulator. 

[0077] FIG. 13B is a perspective vieW of FIG. 13A in 
Which the active electrode 1322 is shoW in the ashtray 
con?guration. Cutouts 1329 Within the electrode de?ne 
edges 1380 for the mechanical and electrical effect as 
described above. Aperture 1325 communicates through 
instrument 1310 With aspiration lumen 1350. 

[0078] FIG. 14A and 14B illustrate cross-sectional and 
perspective vieWs of an alternative embodiment of the 
electrosurgical aspiration instrument 1310 as described 
FIGS. 13A and 13B. Similar elements Will be referenced to 
FIGS. 13A and 13B. In this embodiment, return electrode 
1424 is located external along the shaft 1327. Return elec 
trode 1426 electrically completes the current path to the 
poWer source from the active electrode 1322. The return 
electrode 1424 is preferably a ring electrode located on the 
surface of shaft 1327 and is isolated from the active elec 
trode 1322 by insulator 1328. 

[0079] FIGS. 15A-C illustrate different vieWs of ashtray 
electrode according to one alternative embodiment of the 
active electrode as described above. Like elements Will be 
referenced by the same reference numbers. FIG. I 5A shoWs 
a close-up perspective vieW of active electrode 1522 in 
Which at least one aperture 1525 is provided through active 
electrode 1522. Active electrode 1522 is con?gured to 










