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(57) ABSTRACT 

An electrocautery device is disclosed. In accordance With 
one aspect of the invention, the electrocautery electrode/tip 
is provided With a holloW, conductive tube terminating at its 
distal end in a ball point type tip. Fluid, preferably conduc 
tive ?uid, is applied to the proximal end of the holloW 
electode/tip, and expelled from the distal end thereof during 
electrocautery. The ball point distal tip alloWs the distal tip 
to be directly applied to the tissue and “rolled” or slid along 
the tissue. This alloWs the distal tip to be moved across the 
tissue Without dragging or snagging on the tissue. In addi 
tion, the conductive ?uid expelled from the distal tip further 
lubricates the distal tip as it moves across the tissue. If 
conductive ?uid is used, the conductive ?uid emanating 
from the electrode/ tip conducts the RF electrocautery energy 
aWay from the distal tip so that it is primarily the ?uid, rather 
than the distal tip that actually accomplishes the cauteriZing 
of tissue. That is, the ?uid serves as a “virtual” electrocau 
tery electrode. Since it is the ?uid, rather than the distal tip 
that cauteriZes, coagulates and ablates, no burns or perfora 
tions are made to the tissue, reducing the amount of debris 
at the site. Also, the ?oW of ?uid through the electrode/tip 
tends to keep the distal tip clean and cool. 

74 Claims, 4 Drawing Sheets 



US 7,364,579 B2 
Page 2 

US. PATENT DOCUMENTS 6,585,732 B2 7/2003 Mulier et a1. 

2 275 167 A * 3/l942 Bierman 606/42 6,949,098 B2 * 9/2005 Mulier et a1. ............... .. 606/41 

331633166 A l2/l964 Brent et 31‘ 7,166,105 B2* 1/2007 Muller et a1. ............... .. 606/41 

4,037,590 A 7/1977 Dohring et a1. FOREIGN PATENT DOCUMENTS 
4,301,802 A * 11/1981 Poler ......................... .. 606/48 

4,307,720 A 12/1981 Weber, Jr. JP 75-1288 2/1995 
4,674,499 A * 6/1987 Pao ........................... .. 606/50 W0 WO 94/26228 11/1994 

4,920,982 A 5/1990 Goldstein W0 WO 95/05781 3/1995 
5,242,441 A 9/1993 Avitall W0 WO 95/09570 4/1995 
5,242,442 A 9/1993 Hirschfeld W0 WO 95/17222 6/1995 
5,269,781 A 12/1993 HeWell, III W0 WO 96/07360 3/1996 
5,313,943 A 5/1994 Houser et a1. 
5,395,363 A 3/1995 Billings et 31. OTHER PUBLICATIONS 

5,431,649 A 7/1995 Muller et 31' Forty-Four Multiple Diseases; The Heart, Arteries, and 
5,458,596 A “W95 La’? “31' Veins, 7th Edition, V01. 2, 1990. 
5,487,385 A 1/1996 Avltall . . . “ 
5,564,440 A “M996 swam et a1‘ Mul1er et al., Patent Appl1cat1on Method and Apparatus for 
5,575,810 A “H996 Swanson et 31‘ RF Ablat1on , ?led Sep. 8, 1994 (US. Appl. No. 
5,640,995 A 6/1997 Packard et al. 08/302304) 
5,643,197 A 7/ 1997 Brucker et a1, Mulier et al., Patent Application “Method and Apparatus for 
5,676,662 A 10/1997 Fleischhacker et a1. RF Ablation”, ?led Sep. 8, 1994 (US. Appl. NO. 
5,687,723 A 11/1997 Avitall 08/303,246). 
5,697,927 A 12/1997 1mm“ e? a1~ Mulier et al., Patent Application “Fluid-Assisted 
5’7l8’24l A 2/1998 Ben_'Halm et a1‘ Electrocautery Device”, ?led Feb. 22, 1995 (US. Appl. No. 
5,718,701 A 2/1998 Shal et a1. 08/393,082)~ 

i gclmly et 31' Mulier et al., Patent Application “Method and Apparatus for 
, , vitall _ ” 

5,767,693 A 6/1998 Verkuil Ablation , 18, NO. 
5,798,960 A 8/1998 Hughes 09/955,496) 
5,800,413 A 9/1998 swam et 31, “The MaZe Procedure”, Cardiovascular Device Update, V01. 
5,823,956 A 10/1998 Roth et a1. 1, NO. 4, Jul. 1995, pp. 2-3. 
5,855,614 A 1/ 1999 Stevens et ?1~ Japanese Patent O?ice Of?cial Action, mailed Apr. 4, 2001 
51897553 A 4/1999 Mulier et a1~ (4 pgs.); Translation provided in parent application. 
6,241,754 B1 6/2001 Swanson et a1. 
6,358,248 B1 * 3/2002 Mulier et a1. ............... .. 606/41 * cited by examiner 



U.S. Patent Apr. 29, 2008 Sheet 1 of4 US 7,364,579 B2 



U.S. Patent Apr. 29, 2008 Sheet 2 0f 4 US 7,364,579 B2 

Fig. 5 



U.S. Patent Apr. 29, 2008 Sheet 3 0f 4 US 7,364,579 B2 

“<2 L ’ M16 



U.S. Patent Apr. 29, 2008 Sheet 4 0f 4 US 7,364,579 B2 



US 7,364,579 B2 
1 

FLUID-ASSISTED ELECTROSURGICAL 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 11/230,839, ?led Sep. 20, 2005, now US. Pat. 
No. 7,166,105, Which is a continuation of US. Pat. No. 
6,949,098, issued Sep. 27, 2005, Which is a continuation of 
US. Pat. No. 6,764,487, issued Jul. 20, 2004, Which is a 
continuation ofU.S. Pat. No. 6,585,732, issued Jul. 7, 2003, 
Which is a continuation of US. Pat. No. 6,358,248, issued 
Mar. 19, 2002, Which is a continuation of US. patent 
application Ser. No. 09/236,034, ?led Jan. 22, 1999, noW 
abandoned, Which is a continuation of US. Pat. No. 5,897, 
553, issued Apr. 27, 1999, Which is a continuation-in-part of 
US. Pat. No. 6,063,081, issued May 16, 2000, of Which 
applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates generally to the ?eld of medical 
instruments, and more particularly relates to an electrocau 
tery device. 

BACKGROUND OF THE INVENTION 

Various types of electrocautery devices for incising and 
cauterizing body tissue are knoWn and used in the medical 
?eld. Typically, such devices include a conductive tip or 
needle Which serves as one electrode in an electrical circuit 
Which is completed via a grounding electrode coupled to the 
patient. Incision of tissue is accomplished by applying a 
source of electrical energy (most commonly, a radio-fre 
quency generator) to the tip. Upon application of the tip to 
the tissue, a voltage gradient is created, thereby inducing 
current How and related heat generation at the point of 
contact. With suf?ciently high levels of electrical energy, the 
heat generated is suf?cient to cut the tissue and, advanta 
geously, to simultaneously cauterize severed blood vessels. 

It is Widely recognized in the prior art that the often 
substantial amount of smoke produced by electrocauteriza 
tion of tissue is at least unpleasant, and in some cases 
distracting or even hazardous to the operator and other 
attending medical personnel. As a result, it has been pro 
posed, and is common, to provide an electrocautery device 
With smoke-aspirating capabilities, such that the smoke 
produced from electrocauterization is quickly Withdrawn 
from the area of incision. Smoke aspiration may be accom 
plished by providing, in the handle of the electrocautery 
device near the electrocautery tip/electrode, an inlet port to 
be coupled to a vacuum or suction source. Examples of this 
are described in US. Pat. No. 4,307,720 to Weber, Jr., 
entitled “Electocautery Apparatus and Method and Means 
for Cleaning the Same,” in US. Pat. No. 5,242,442 to 
Hirschfeld, entitled “Smoke Aspirating Electrosurgical 
Device,” and in US. Pat. No. 5,269,781 to HeWell, entitled 
“Suction Assisted Electrocautery Unit.” 

It has also been recognized in the prior art that the 
accumulation of coagulated blood, tissue rubble, and other 
debris on the electrode/tip of an electrocautery device can 
present a problem for the operator, necessitating the periodic 
cleaning of the tip, e.g., by Wiping the tip over sterilized 
gauze or the like. This is generally regarded as undesirable, 
since the need to clean the electrode/tip tends to interrupt the 
incision procedure and increases the risks associated With 
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2 
contamination of the tip or the incision, damage to the tip, 
injury to the operator, and the like. To address this problem, 
it has been proposed in the prior art to provide an electro 
cautery instrument in Which the electode/tip is in slidable 
engagement With the instrument’s handle, such that When 
the tip is retracted into the hand, any adhering debris 
automatically scraped off onto the tip of the handle. Such an 
instrument is proposed in the above-referenced Weber, Jr. 
’720 patent. While this arrangement may have some bene?t, 
it still may be necessary to wipe off the tip of the handle once 
the tip is retracted. It is believed that a more direct and 
effective approach to the problem Would be to reduce the 
amount of debris created, during the electrocautery process, 
thereby eliminating or at least reducing the need to clean the 
electrode/tip. 

Atrial ?brillation is the condition Where the normal rhyth 
mic contractions of the heart are replaced by rapid irregular 
tWitchings of the muscular heart Wall. At least 1 million 
people in the US. suffer from atrial ?brillation. There are at 
least three detrimental side effects that occur during atrial 
?brillation: a rapid irregular heartbeat; impaired cardiac 
hemodynamics due to a loss of AV synchrony; and an 
increased vulnerability to thromboembolism. Surgical Treat 
ment of Cardiac Arrythmias, by Willis Hurst, pg. 867. 
The typical treatment for atrial ?brillation has been to 

give the patient drugs. For most patients With atrial ?bril 
lation, this therapy has been only moderately effective and 
has typically produced undesirable side effects. 

In vieW of the problems With drug therapy to treat atrial 
?brillation, it has been recognized as desirable to ?nd a 
surgical treatment that Would permanently cure atrial ?bril 
lation. Cardiovascular Device Update, July 1995, pg. 1. 
Although radiofrequency catheter ablation (RFCA) has 
proven to be a safe and effective Way of treating the most 
benign causes of supraventricular tachycardia (SVT), such 
as Wollf-Parkinson-White and AV nodal re-entry tachycar 
dia, using ablation to treat atrial ?brillation has proven to be 
challenging. Id. 
The so called “maze” procedure has been developed to 

treat atrial ?brillation. In the “maze” procedure, incisions are 
made into the right and left atria via an open chest surgical 
procedure. These incisions are located to interrupt all the 
potential re-entry circuit patterns that could occur in the atria 
and cause atrial ?brillation. The clinical success With the 
“maze” procedure has been good. 
A problem With the “maze” procedure is that it requires 

open chest surgery Which is undesirable. It has been recog 
nized that it Would be desirable to duplicate the “maze” 
procedure With ablation Id. at pg. 3. This Would alloW the 
possibility of performing a “maze”-like procedure thoras 
copically. HoWever, it has also been recognized that current 
ablation technology has not developed to alloW the “maze” 
procedure to be duplicated With ablation. Id. 
A problem With prior art ablation has been that the 

ablating tip, if left in contact With a piece of tissue for too 
long, Will burn through and perforate the tissue. In many 
applications, it has proven dif?cult to balance leaving an 
ablating tip in position on a piece of tissue for a suf?cient 
time to alloW the tissue to be ablated but not leave it in place 
for a length of time to burn through and thereby perforate the 
tissue. 

Another problem With prior art ablation devices is that if 
the ablating tips are left in contact With the tissue too long, 
the tip “sticks” to the tissue being ablated. In removing the 
tip, large portions of tissue are often removed attached to the 
tip. This is not only a result to be avoided because of the 
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tissue damage, but it is time consuming and irritating to the 
physician. These are clearly problems to be avoided. 

SUMMARY OF THE INVENTION 

In vieW of the foregoing considerations, the present 
invention is directed to an improved electrocautery instru 
ment. 

In accordance With one aspect of the invention, the 
electocautery electrode/tip is implemented With a hollow, 
conductive tube terminating at its distal end in a ball point 
type tip. Conductive ?uid is applied to the proximal end of 
the holloW electrode/tip, and expelled from the distal end 
thereof during electocautery. The ball point distal tip alloWs 
the distal tip to be directly applied to the tissue and “rolled” 
or slid along the tissue. This alloWs the distal tip to be moved 
across the tissue Without dragging or snagging on the tissue. 
In addition, the conductive ?uid expelled from the distal tip 
further lubricates the distal tip as it moves across the tissue. 

In accordance With another aspect of the invention, the 
conductive ?uid emanating from the electrode/tip conducts 
the RF electrocautery energy aWay from the distal tip so that 
it is primarily the ?uid, rather than the distal tip that actually 
accomplishes the cauteriZing of tissue. That is, the ?uid 
serves as a “virtual” electrocautery electrode. Since it is the 
?uid, rather than the distal tip that cauteriZes, coagulates and 
ablates, no burns or perforations are made to the tissue, 
reducing the amount of debris at the site of ablation. Also, 
the ?oW of ?uid through the electrode/tip tends to keep the 
distal tip clean and cool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other aspects of the present invention 
may perhaps be best appreciated With reference to a detailed 
description of a speci?c embodiment of the invention, When 
read in conjunction With the accompanying draWings 
Wherein: 

FIG. 1 is a perspective vieW of an electrocautery instru 
ment in accordance With one embodiment of the invention; 

FIG. 2 is a perspective vieW of the invention separated 
from the handle. 

FIG. 3 is a enlarged perspective vieW of the distal end of 
the electrocautery device of FIG. 1 shoWing the electrode/ 
tip. 

FIG. 4 is a cross-sectional vieW of the electrode/tip of the 
device of FIGS. 1, 2 and 3. 

FIG. 5 is a cross-sectional vieW of another embodiment of 
electrode/tip of the invention. 

FIG. 6A is a cross-sectional vieW of another embodiment 
of an electrode/tip of the invention. 

FIG. 6B is a cross-sectional vieW of yet another embodi 
ment of an electrode/tip of the invention. 

FIG. 7A is a perspective vieW, With portions shoWn in 
block form, of another embodiment instrument in accor 
dance With the invention. 

FIG. 7B is a perspective vieW of another embodiment 
instrument in accordance With the invention. 

DETAILED DESCRIPTION OF A SPECIFIC 
EMBODIMENT OF THE INVENTION 

Referring to FIG. 1, there is shoWn a perspective vieW of 
a ?uid-assisted electrocautery device 10 in accordance With 
one embodiment of the invention. Electrocautery device 10 
comprises a handle 12 and an electrocautery electrode/tip 
14. Handle 12 is preferably made of a steriliZable, rigid, and 
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4 
non-conductive material such as nylon or the like. Electrode/ 
tip 14 is attached to handle 12. 

In accordance With one aspect of the invention, electrode/ 
tip 14 is preferably implemented using a holloW cylindrical 
tube 16 With a “ball point” at its distal end, as shoWn in the 
greatly enlarged perspective and cross-sectional vieWs of 
FIGS. 3 and 4, respectively. As can be seen, a ball 18 is 
retained in a cavity formed by crimping metal tube 16 
around ball 18. Both ball 18 and tube 16 are preferably made 
of an electrically conductive metal such as stainless steel. 
Tube 16 is crimped both proximal and distal to ball 18 at 20 
and 22, respectively. 

Ball 18 may have any diameter but balls 18 having 
diameters of from about 1 to about 5 mm have been found 
to be particularly effective for ablating. Tube 16 must have 
a diameter corresponding to the diameter of ball 18 as 
explained herein. Consequently, tube 16 preferably has an 
internal diameter, particularly at its distal end, of from about 
1 to about 5 mm. 
Crimping may be accomplished by a number of tech 

niques including but not limited to placing a series of 
“crimps” 24 around the periphery of tube 16 that are directed 
toWard the interior 26 of tube 16. In addition, the distal end 
28 of tube 16 is “crimped” by rounding it toWard the interior 
26 of tube 16. In this Way, ball 18 is retained betWeen the 
“crimps” 24 and the rounded distal end 28. Crimping should 
be done so that a portion of ball 18 extends distally beyond 
distal end 28. 

Tube 16 preferably has in interior 26 diameter slightly 
larger than the diameter of ball 18. In any case, after 
crimping as described above, the portion of tube 16 sur 
rounding ball 18 should have a slightly larger internal 
diameter than ball 18. This alloWs ball 18 to freely rotate 
betWeen crimps 24 and distal end 28 and still be retained at 
electrode/tip 14. 
An electrical insulator 30 preferably surrounds tube 16 

along substantially its entire length, terminating a short 
distance from distal end 28. Insulator 30 prevents accidental 
cautery from taking place at locations other than electrode/ 
tip 14 if tube 16 should inadvertently contact patient tissue 
during a procedure. 
TWo connections are made to electrocautery device 10. 

One terminal (e.g., positive) of a radio-frequency (RF) 
generator (not shoWn in FIG. 1) is electrically coupled to 
electrode/tip 14 via a Wire 32 attached to tube 16. Contact 
betWeen ball 18 and tube 16, as Will be described in more 
detail hereafter, provides electrical potential to ball 18. 
A source of ?uid to be expelled from electrode/tip 14 is 

coupled to tube 16 via a ?exible input line 34. Input line 34 
is preferably a tube or hose. Conductive ?uid is provided 
under pressure through tube 16 to the electrode/tip 14. The 
conductive ?uid is introduced to tube 16, as shoWn in FIG. 
2, through input line 34 that is connected to a ?uid inlet port 
36 on tube 16. Conductive ?uid passes from inlet line 34 
through ?uid inlet port 36 into tube 16 and is communicated 
along the length of tube 16 to electrode/tip 14 to be expelled 
from the distal end thereof. This creates a so-called “virtual 
electode” for performing electrocautery. 
The infusion of conductive ?uid simultaneously With the 

application of RF energy is discussed in further detail in: 
US. patent application Ser. No. 08/ 113,441 entitled 
“Method and Apparatus for R-F Ablation,” ?led on Aug. 27, 
1993 in the name of Peter M. J. Mulier and Michael F. Hoey, 
in US. patent application Ser. No. 08/303,246, entitled 
“Method and Apparatus for RF Ablation,” ?led on Sep. 8, 
1994 in the name of Peter M. J. Mulier, in US. patent 
application Ser. No. 08/302,304 entitled “Method and Appa 
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ratus for RF Ablation,” ?led in the name of Peter M. J. 
Mulier and Michael F. Hoey on Sep. 8, 1994 and in Us. 
patent application Ser. No. 08/393,082 entitled “Fluid 
Assisted Electrocautery Device”, ?led in the name of Peter 
M. J. Mulier and Michael F. Hoey on Feb. 22, 1995. The 
foregoing ’441, ’246, ’304 and ’082 applications (hereinaf 
ter collectively referred to as “the RF ablation applications”) 
are each commonly assigned to the assignee of the present 
invention, and incorporated by reference herein in their 
respective entireties. 
As described in the RF ablation patent applications, the 

infusion of conductive ?uid into the area of application of 
RF energy creates a “virtual electrode,” the siZe and shape 
of Which can be controllably modi?ed, and Which can be 
rendered more or less conductive, thereby modifying the 
spread of RF energy. By varying such factors as the RF 
energy and duration; the rate of infusion of conductive 
liquid, and the conductivity of the infused solution, the siZe, 
shape, and intensity of the “virtual electrode”ii.e., the 
intensity of thermal production in the area, can be con 
trolled. In the case of the electrocautery device in accor 
dance With the present invention, application of the conduc 
tive solution during the application of RF energy further 
assists by preventing overheating of the electrode/tip, 
extending the point at Which burning or charring of tissue 
Would otherWise normally occur. To enhance this effect, it is 
contemplated that the solution being infused may ?rst be 
cooled. 

Conductive solutions believed to be suitable for estab 
lishing the virtual electrode include saline, saturated saline, 
and Ringer’s solution, among others. Regarding the source 
of conductive ?uid, it is contemplated that a conventional 
pump 50 may be coupled to input line 34 as shoWn in block 
form in FIG. 7A. Alternatively, it is contemplated that a 
small, pre-pressuriZed canister 52 of conductive solution 
may be used as in FIG. 7B, such that no pump is required. 
In one embodiment, handle 12 may be con?gured to receive 
such a pressurized canister therein, eliminating the need for 
input line 34. 

In addition, a dye may be mixed With the conductive ?uid 
to make the ?uid more visible during the procedure using the 
device 10. Examples of such a dye include, but are not 
limited to methylene blue. 

It is desirable to provide the conductive ?uid to electrode/ 
tip 14 under pressure that is controlled. In particular, it is 
important not to have a ?oW rate that alloWs conductive ?uid 
to ?oW excessively out of the distal end 28 of electrode/tip 
14. Excessive ?uid ?oW has been shoWn to spread the 
electrical current density over a large area of the tissue 
thereby minimizing, and in some cases preventing, the 
ablation effect. 

In use, electrical potential is applied to tube 16 from a 
radio-frequency (RF) generator as described above. Since 
tube 16 is made of an electrically conductive metal, the 
entire tube 16 Will be at an electrical potential determined by 
the radio-frequency (RF) generator. Conductive ?uid is 
supplied under pressure to the device 10 so that the con 
ductive ?uid is expelled from electrode/tip 14 around ball 
18. 

The user of electrocautery device 10 places electrode/tip 
14 at an area to ablate and moves the electrode/tip 14 across 
the tissue by ball 18 contacting the tissue. Ball 18 may either 
roll or be slid across the tissue. The ?uid expelled from the 
distal end 28 lubricates the tissue and facilitates the move 
ment of ball 18 across the tissue regardless of Whether ball 
18 rolls or slides across the tissue. 
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6 
In vitro experiments have shoWn the folloWing: The larger 

the diameter of ball 18, the Wider and deeper the ablation 
“track” created on the tissue; Moving the electrode/tip 14 
sloWly across the tissue creates deeper lesions than if 
electrode/tip 14 is moved quickly; and the ?oW rate of 
conductive ?uid through device 10 and out of electrode/tip 
14 should be adequate to Wet and lubricate the surface of the 
tissue but should not be so high as to spread across the tissue 
and spread the electrical current density necessary to per 
form the ablation. As examples of desirable ?oW rates of 
conductive ?uid through the device 10, With a radio-fre 
quency (RF) generator at 50 Watts, a ?oW rate of about 
betWeen 0.5 and 2 cc/minute Was shoWn to be adequate and 
With a radio-frequency (RF) generator at 25 Watts, a ?oW 
rate of about betWeen 1 and 2 cc/minute Was shoWn to be 
adequate. Other ?oW rates in these poWer ranges or these or 
different ?oW rates for other poWer settings may also be used 
as Will be clear With practice using the invention. The 
examples given above being given for the purpose of 
illustration and are not intended to be limiting. 

The device 10 may be particularly used in connection 
With the so called “maZe” procedure described above to 
ablate an area of the heart to interrupt all the potential 
re-entry circuit patterns that could occur in the atria and 
cause atrial ?brillation. The device 10 could also be used 
advantageously to remove hemorrhoids or varicose veins or 
stop esophageal bleeding to name but a feW possible uses. 
The device removes the risk of perforation commonly found 
With other types of cautery, is easy to “Write” With and 
alloWs deep and Wide penetration and subsequently ablation. 

Because of its similarity to a ball point pen, the invention 
provides an electrocautery device 10 that is easy to “Write” 
With. That is, it is easy to move the distal elected/tip 14 
across the tissue to be ablated because the ball 18 rolls across 
the tissue. In addition, by expelling ?uid from electrode/tip 
14, ball 18 also slides across the tissue being ablated. 
Although in the embodiment of FIG. 1, Wire 32 and input 

line 34 are depicted separtely, it is contemplated that these 
connections to device 10 may be consolidated into a single 
line having a ?uid-containing lumen therein for input of 
conductive solution alongside an insulated electrical con 
ductor. 

Various alternate con?gurations of electrode/tip 14 are 
also contemplated. In one embodiment shoWn in FIG. 5, ball 
18 is enclosed Within tube 16 at the distal end 28 of tube 16. 
HoWever, instead of having crimps 24 proximal to ball 18, 
a block 38 is placed proximal to ball 18 Within tube 16. 
Block 38 perferably has a central lumen 40 exiting from its 
proximal to its distal end to alloW ?uid in the interior of tube 
16 to pass to ball 18 Where it may be expelled from distal end 
28. In all other Ways, this embodiment is identical to the 
preferred embodiment described above. 

Ball 18 may also be made of a porous, electrically 
conductive material. In this embodiment, the porous nature 
of ball 18 alloWs ?uid to not only pass around ball 18 to be 
expelled from distal end 28, but also alloW ?uid to pass 
through ball 18 to be expelled. 

In another alternative embodiment, ball 18 is replaced 
With a non-spherical contact element as shoWn in FIG. 6A. 
such as an electrically conductive elongated plug 42 shoWn 
in FIG. 6B. In this embodiment, the plug is made of an 
electrically conductive porous material retained at the distal 
end 28 of tube 16 so that ?uid can pass through the plug to 
be expelled from the distal end 28. The plug may be retained 
by any means described above including, but not limited to, 
crimps or a rounded distal end. Because the plug is not 
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spherical, the plug can not roll as it is moved in contact 
across the tissue to be ablated. Instead, the plug Will slide 
across the tissue. 

Although the invention has been described in connection 
With using a conductive ?uid to create a virtual electrode for 
electrode/tip 14, it is clear that many of the advantages of the 
invention such as the smooth ?oW of electrode/tip 14 Will 
also be produced With the conductive ?uid replaced With 
non-conducting ?uid such as pure Water. Therefore, it is also 
Within the scope of the invention to include the use of a 
non-conducting ?uid. 

In addition, if desired, a suction tube may be added to the 
device 10 to alloW smoke or excess ?uid to be removed from 
the surgical ?eld. Such a suction tube is described in the ’082 
application described above, the teachings of Which have 
been incorporated by reference herein. 

Further, tube 16 may be made of an electrically insulating 
material except for a portion at its distal end that comes in 
contact With ball 14. This portion of tube 16 that comes in 
contact With ball 14 should be electrically conducing. In this 
embodiment, Wire 24 extends to this electrically conducting 
portion of tube 16. 
From the foregoing detailed description of a speci?c 

embodiment of the invention, it should be apparent that a 
method and apparatus for performing ?uid-assisted electro 
cautery of body tissue has been disclosed, Wherein ?uid 
delivered out of a holloW electrocautery electode/tip creates 
a virtual electrode Which incises and cauteriZes the tissue. 

Although a speci?c embodiment of the invention has been 
described herein, this has been done solely for the purposes 
of illustrating various acts of the invention, and is not 
intended to be limiting With respect to the scope of the 
invention. It is contemplated that various substitutions alter 
ations, and/or modi?cations, including but not limited to 
those speci?cally discussed herein, may be made to the 
disclosed embodiment Without departing from the spirit and 
scope of the invention as de?ned in the appended claims, 
Which folloW. 

What is claimed is: 
1. A ?uid-assisted electrosurgical instrument, comprising: 
a handle maintaining a tube having a proximal and a distal 

end, at least a portion of the distal end of the tube being 
electrically conductive, the tube de?ning a lumen 
extending proximally from the distal end of the tube, 
the lumen being connectable to a source of ?uid under 
pressure, the electrically conductive portion of the tube 
being connectable to a source of radio-frequency 
energy; and 

an electrically conductive contact element, Wherein a ?rst 
portion of the contact element is enclosed Within the 
tube at the distal end of the tube and a second portion 
of the contact element extends distally beyond the 
distal end of the tube. 

2. The electrosurgical instrument according to claim 1, 
Wherein the contact element is freely rotatable Within the 
tube. 

3. The electrosurgical instrument according to claim 1, 
Wherein a portion of the tube is crimped around the contact 
element. 

4. The electrosurgical instrument according to claim 1, 
further including a ?uid source in communication With the 
lumen. 

5. The electrosurgical instrument according to claim 4, 
Wherein the ?uid source comprises an input line and a pump. 

6. The electrosurgical instrument according to claim 4, 
Wherein the ?uid source comprises a canister. 
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7. The electrosurgical instrument according to claim 6, 

Wherein the canister is pre-pressuriZed. 
8. The electrosurgical instrument according to claim 7, 

Wherein the canister is received Within the handle. 
9. The electrosurgical instrument according to claim 1, 

Wherein the contact element is porous. 
10. The electrosurgical instrument according to claim 1, 

further including a suction tube disposed Within the tube. 
11. The electrosurgical instrument according to claim 1, 

Wherein the tube is fabricated from an electrically insulating 
material except for a portion at the distal end that contacts 
the contact element. 

12. The electrosurgical instrument of claim 1, Wherein the 
contact element is made of metal. 

13. The electrosurgical instrument of claim 1, Wherein the 
tube is made of metal. 

14. The electrosurgical instrument of claim 1, Wherein the 
handle is made of a steriliZable material. 

15. The electrosurgical instrument of claim 1, further 
comprising Wiring electrically connected to the electrically 
conductive portion of the tube for connecting a source of 
radiofrequency energy to the tube. 

16. The electrosurgical instrument according to claim 1, 
further including a source of radiofrequency energy electri 
cally connected to the electrically conductive portion of the 
tube. 

17. The electrosurgical instrument of claim 16, Wherein 
the source of radiofrequency energy includes a radiofre 
quency generator, and further Wherein a positive terminal of 
the radiofrequency generator is electrically coupled to the 
tube. 

18. The electrosurgical instrument of claim 1, further 
comprising a source of ?uid under pressure connected to the 
lumen, Wherein the ?uid is selected from the group consist 
ing of saline, saturated saline and Ringer’s solution. 

19. The electrosurgical instrument of claim 1, further 
comprising a source of ?uid under pressure connected to the 
lumen, Wherein the ?uid includes a dye. 

20. The electrosurgical instrument of claim 19, Wherein 
the dye is methylene blue. 

21. The electrosurgical instrument of claim 1, Wherein the 
contact element is spherical. 

22. The electrosurgical instrument of claim 1, Wherein the 
contact element is non-spherical. 

23. The electrosurgical instrument of claim 1, Wherein the 
contact element is a plug. 

24. The electrosurgical instrument of claim 1, Wherein the 
contact element is adapted to expel ?uid applied to the 
lumen through the second portion. 

25. The electrosurgical instrument of claim 1, Wherein the 
second portion of the contact element is rounded. 

26. An electrosurgical instrument comprising: 
a handle; 
a tube mounted to the handle and having a proximal and 

a distal end, at least a portion of the distal end of the 
tube being electrically conductive and connectable to a 
source of radiofrequency energy; 

a ?uid passage for delivering a ?uid to the distal end of the 
tube; and 

an electrically conductive contact element at least a 
portion of Which is enclosed Within the tube at the distal 
end of the tube. 

27. The electrosurgical instrument according to claim 26, 
Wherein the contact element is freely rotatable Within the 
tube. 
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28. The electrosurgical instrument according to claim 26, 
wherein a portion of the tube is crimped around the contact 
element. 

29. The electrosurgical instrument according to claim 26, 
further including a ?uid source in communication With the 
?uid passage. 

30. The electrosurgical instrument according to claim 29, 
Wherein the ?uid source comprises an input line and a pump. 

31. The electrosurgical instrument according to claim 29, 
Wherein the ?uid source comprises a canister. 

32. The electrosurgical instrument according to claim 31, 
Wherein the canister is pre-pressuriZed. 

33. The electrosurgical instrument according to claim 31, 
Wherein the canister is received Within the handle. 

34. The electrosurgical instrument according to claim 26, 
Wherein the contact element is porous. 

35. The electrosurgical instrument according to claim 26, 
further including a suction tube disposed Within the tube. 

36. The electrosurgical instrument according to claim 26, 
Wherein the tube is fabricated from an electrically insulating 
material except for a portion at the distal end that contacts 
the contact element. 

37. The electrosurgical instrument of claim 26, Wherein 
the contact element is made of metal. 

38. The electrosurgical instrument of claim 26, Wherein 
the tube is made of metal. 

39. The electrosurgical instrument of claim 26, Wherein 
the handle is made of steriliZable material. 

40. The electrosurgical instrument of claim 26, further 
comprising Wiring electrically connected to the electrically 
conductive portion of the tube for connecting the source of 
radiofrequency energy to the tube. 

41. The electrosurgical instrument according to claim 26, 
further including a source of radiofrequency energy electri 
cally connected to the electrically conductive portion of the 
tube. 

42. The electrosurgical instrument of claim 41, Wherein 
the source of radiofrequency energy includes a radiofre 
quency generator, and further Wherein a positive terminal of 
the radiofrequency generator is electrically coupled to the 
tube. 

43. The electrosurgical instrument of claim 26, further 
comprising a source of ?uid under pressure connected to the 
?uid passage, Wherein the ?uid is selected from the group 
consisting of saline, saturated saline and Ringer’s solution. 

44. The electrosurgical instrument of claim 26, further 
comprising a source of ?uid under pressure connected to the 
?uid passage, Wherein the ?uid includes a dye. 

45. The electrosurgical instrument of claim 44, 
the dye is methylene blue. 

46. The electrosurgical instrument of claim 26, 
the contact element is spherical. 

47. The electrosurgical instrument of claim 26, 
the contact element is non-spherical. 

48. The electrosurgical instrument of claim 26, 
the contact element is a plug. 

49. The electrosurgical instrument of claim 26, Wherein 
the contact element de?nes a ?rst portion maintained Within 
the tube and a second portion extending distal the tube, the 
contact element adapted to expel ?uid applied to the ?uid 
passage through the second portion. 

50. The electrosurgical instrument of claim 49, Wherein 
the second portion is rounded. 

51. An electrosurgical instrument for ablating through a 
chest of a patient a length of tissue for treating atrial 
?brillation, the electrosurgical instrument comprising: 

Wherein 

Wherein 

Wherein 

Wherein 
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a rigid, elongated electrode having a proximal end, a 

distal end, and an internal lumen extending from the 
proximal end for delivering a conductive ?uid to the 
distal end, the distal end of the electrode including an 
electrically conductive contact element; 

Wherein the electrode includes a tubular body terminating 
at the distal end, the tubular body forming at least one 
passage proximal the distal end, the passage being in 
?uid communication With the internal lumen; 

an electrical insulator surrounding at least a portion of the 
electrode; 

a non-conductive handle rigidly coupled to the proximal 
end of the electrode such that the distal end of the 
electrode is readily manipulated in a sliding fashion via 
movement of the handle; 

a source of radiofrequency energy electrically coupled to 
the electrode; and 

a source of conductive ?uid ?uidly connected to the 
internal lumen of the electrode. 

52. The electrosurgical instrument of claim 51, Wherein 
the contact element is made of metal. 

53. The electrosurgical instrument of claim 51, Wherein 
the electrode is made of metal. 

54. The electrosurgical instrument of claim 51, Wherein 
the handle is made of steriliZable material. 

55. The electrosurgical instrument of claim 51, further 
comprising Wiring electrically connecting the source of 
radiofrequency energy to the electrode. 

56. The electrosurgical instrument of claim 55, Wherein 
the source of radiofrequency energy includes a radiofre 
quency generator, and further Wherein a positive terminal of 
the radiofrequency generator is electrically coupled to the 
electrode. 

57. The electrosurgical instrument of claim 51, further 
comprising a suction tube for removing smoke or ?uid. 

58. The electrosurgical instrument of claim 51, Wherein 
the source of conductive ?uid includes a ?uid pump. 

59. The electrosurgical instrument of claim 51, Wherein 
the source of conductive ?uid includes a pressurized canis 
ter. 

60. The electrosurgical instrument of claim 51, Wherein 
the conductive ?uid is selected from the group consisting of 
saline, saturated saline and Ringer’s solution. 

61. The electrosurgical instrument of claim 51, Wherein 
the conductive ?uid includes a dye. 

62. The electrosurgical instrument of claim 61, Wherein 
the dye is methylene blue. 

63. The electrosurgical instrument of claim 51, Wherein 
the handle is directly mounted to the electrode. 

64. An electrosurgical instrument for ablating through a 
chest of a patient a length of tissue for treating atrial 
?brillation, the electrosurgical instrument comprising: 

a rigid, elongated electrode having a proximal end, a 
distal end, and an internal lumen extending from the 
proximal end for delivering a conductive ?uid to the 
distal end, the distal end of the electrode including an 
electrically conductive contact element; 

Wherein the contact element is porous; 
an electrical insulator surrounding at least a portion of the 

electrode; 
a non-conductive handle rigidly coupled to the proximal 

end of the electrode such that the distal end of the 
electrode is readily manipulated in a sliding fashion via 
movement of the handle; 

a source of radiofrequency energy electrically coupled to 
the electrode; and 
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a source of conductive ?uid ?uidly connected to the 
internal lumen of the electrode. 

65. The electrosurgical instrument of claim 64, Wherein 
the contact element is made of metal. 

66. The electrosurgical instrument of claim 64, Wherein 
the electrode is made of metal. 

67. The electrosurgical instrument of claim 64, Wherein 
the handle is made of steriliZable material. 

68. The electrosurgical instrument of claim 67, further 
comprising Wiring electrically connecting the source of 
radiofrequency energy to the electrode. 

69. A method of performing electrosurgery, comprising 
the steps of: 

(a) applying radio-frequency energy from a source of 
radio-frequency energy to an electrosurgery site via an 
electrically conductive contact element at least partially 
enclosed in an end of an electrically conductive tube 
connected to the source of radiofrequency energy; and 

12 
(b) simultaneously With step (a), infusing the electrosur 

gery site With a conductive ?uid expelled from the tube 
past the contact element. 

70. The method of claim 69, Wherein the conductive ?uid 
is cooled before infusing the electrosurgery site With the 
conductive ?uid. 

71. The method of claim 69, Wherein the conductive ?uid 
is selected from the group consisting of saline, saturated 
saline and Ringer’s solution. 

72. The method of claim 69, Wherein step (b) includes 
supplying betWeen about 0.5 and about 2 cc per minute 
conductive ?uid. 

73. The method of claim 69, Wherein step (a) includes 
supplying about 50 Watts radiofrequency energy. 

74. The method of claim 69, Wherein step (a) includes 
supplying about 25 Watts radiofrequency energy. 

* * * * * 


