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BIPOLAR ELECTROSURGICAL CUTTER WITH POSITION INSENSITIVE
RETURN ELECTRODE CONTACT

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates generally to the field of medical systems, devices and

methods for use upon a human body during surgery. More particularly, the invention

relates to surgical systems, devices and methods that provide plasma-mediated cutting,

fragmentation and evaporation/vaporization of tissue during surgery such as plastic,

microsurgery, reconstructive, neurological and any other surgery where it is desirable to

use a bipolar configuration without the need for undue manipulation of the angle of

application to establish electrical contact.

Background Art

[0002J When electrosurgical cutting with an electrode is initiated, the tissue presents a

low impedance path to the Radio Frequency (RF) current so that, at a given voltage,

a significant amount of RF current (and RF power) may flow through the tissue. When this

current heats the tissue from body temperature to greater than about 100°C, the fluid in the

tissue starts vaporizing. The impedance begins increasing as the electrode is enveloped

by a thin vapor bubble/layer.

[0003] Once the vapor envelops the electrode, it interrupts the current and the full voltage of

the generator may be applied across the thin vapor layer to create a high electric field in

the vapor bubble. This high electric field exerts force on the ions present in the vapor,

accelerating them and establishing the current flow across the vapor gap. impedance is

understood to start decreasing (ionization phase) as a plasma develops. As the ions are

accelerated, they are understood to collide with the molecules present in the vapor bubble,

further ionizing them and leading to spark discharge. As the voltage across the vapor

gap is present, it is understood to further accelerate the ions in the plasma, increasing

their kinetic energy and thus temperature of the plasma which may eventually lead to

avalanche ionization, high energy and arc discharge.



[0004] Many RF systems use a monopolar configuration for electrosurgical cutting.

Such a device has an active electrode at its tip that is applied to the tissue to be cut.

The return electrode is often in the form of a ground pad dispersive electrode that is

placed on a patient's body in a different location than the area of surgery. An electrical

circuit forms between the active electrode and return electrode through the patient.

Since the path of the current through the patient is not precisely defined and is

dependent on the local conditions of the tissue, the monopolar configuration is not the

best to use in the proximity of sensitive organs or structures.

[0005] An electrosurgical device in a bipolar configuration, with the return electrode next

to the active electrode, is a much safer device in such circumstances. An electrical circuit

forms between the two electrodes, removing the need for current to flow through a patient's

body to the ground pad as the monopolar configuration requires. One shortcoming of the

bipolar configuration, however, is its need to establish two points of contact with the tissue

to initiate cutting. The two-point contact is dependent on the angle of the handpiece with

respect to the tissue surface. This dependence on angle may make it necessary to tilt the

handpiece to establish a good contact and ignite the plasma.

[0006] One bipolar electrosurgical device addressed this problem with a spring-loaded

return electrode to provide a self-compensating function. Coagulated blood or accumulated

tissue may impede the proper function of such a device, however. Another variation

involves coblation, which uses saline as a return electrode. This approach, however,

requires the electrode to be submerged in saline for the duration of the task.

BRIEF SUMMARY OF THE INVENTION

[0007] The invention is a bipolar electrosurgical device that includes a handle and an

elongated end effector coupled to the handle. The end effector (e.g., an elongated

member for carrying bipolar electrodes to a surgical site for contacting tissue and

performing electrosurgery) includes an elongated, insulating body having a proximal end

coupled to the handle such that the body extends away from the handle toward a distal

end. A first electrode (e.g., a cutting electrode) and a second electrode (e.g., a return

electrode) are disposed along the insulating body. The first and second electrodes are

separated at the distal end of the insulating body, and a cavity formed in the distal end of

the effector is positioned between the first and second electrodes. A fluid-delivery tube is



positioned on the body to deliver a conductive fluid to the distal end the insulating body

adjacent the cavity.

[0008] An electrosurgical power generator (also called a voltage source, power supply or

waveform generator) may be coupled to the proximal end of the device to provide a voltage

to the electrodes of the end effector. During use of the electrosurgical device, delivery of

the fluid facilitates formation of an electrical coupling between the first electrode and the

second electrode via the tissue being treated, adjacent the distal end of the insulating body

for performance of an electrosurgical procedure.

|0009] In a first embodiment, the end effector is wedge-shaped with the cutting electrode

at the narrow base of the wedge-shaped effector extending at least a portion of the way along

the base, and a return electrode disposed at least partially in the cavity formed in the distal end

of the effector. A tube or passage through the body of the end effector delivers fluid to the

cavity. Tne insulating body of the effector separates the cutting and return electrodes.

[0010] The cutting electrode may be formed from a sheet of metal that is folded or bent

around the apex edge of the wedge-shaped effector. Further, the edge formed from the

folding of the metal sheet may be sharpened to form a sharp edge that has a thickness of

about 0.005 inches to 0.10 inches (0.12 millimeters to 0.25 millimeters). Alternatively, the

cutting electrode may be formed, for example, from a rounded, cylindrical-shaped

conductor or wire with a radius less than about 20 mils and preferably about five (5) mils.

[0011] In another embodiment, the end effector has an insulating body portion with a

cross-sectional shape that is a substantially flat rectangle or blade. The first electrode is

disposed on a minor edge (i.e., the narrow side or edge of the rectangle) of the blade-

shaped body portion, and the second electrode is disposed on the opposite minor edge.

Both electrodes extend along the length of the body portion to the distal end. At the distal

end, separation is maintained between the two electrodes. A cavity or dimple is formed in

the distal end of the body portion between the electrodes. In one example embodiment,

the electrodes are formed by metallized layers on the insulating body.

[0012] In this blade-shaped embodiment of the end effector, the first electrode may

comprise a wire having, for example, a diameter less than about one mm. The wire may

be attached to the metallized layer or may be used in lieu of the metallized layer. Also, in

this example embodiment, a fluid-delivery tube may be attached to the body portion of

the end effector at the second electrode (i. e., the return electrode). The fluid-delivery tube



may be made from a conductive material such as metal or a conductive polymer. In one

embodiment, the fluid-delivery tube may act as the return electrode.

[0013] Another aspect of the invention includes a method of cutting biological tissue.

The method involves initiating flow of an electrically conductive fluid to a distal end of

the bipolar electrosurgical device. Electrical energy is applied between the first electrode

and the second electrode on the bipolar electrosurgical device. The bipolar

electrosurgical device is then applied to the biological tissue such that the first electrode

near the distal end of the bipolar electrosurgical device is in direct contact with the

biological tissue. This will result in formation of an electrical arc adjacent the distal end

of the bipolar electrosurgical device. Thereafter, the flow of the electrically conductive

fluid may be terminated without affecting the arc. The arc is maintained to cut the

biological tissue.

[0014] It is an advantage that the electrosurgical device of the invention is able to

establish a conductive path between the electrodes via the tissue with less sensitivity to

handpiece angle (i.e., the angle at which the hand-held electrosurgical device is held with

respect to the tissue being treated) as compared with prior devices.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0015] FIG. 1 is a front view of one embodiment of a system of the present invention having

an exemplary electrosurgical unit in combination with a fluid source and handheld

electrosurgical device;

[0016] FIG. 2 a front perspective view of the electrosurgical unit of FIG. 1;

[0017] FIG. 3 is a perspective view of an electrosurgical device according to the present

invention;

[0018] FIG. 4 is a perspective view of a distal end portion of the electrosurgical device

of FIG. 3;

[0019] FIG. 5 is a perspective view of the end effector of the electrosurgical device of

FIG. 3;

[0020] FIG. 6 is a perspective view of an alternative embodiment of the end effector of

the electrosurgical device of FIG. 3;

[0021] FIG. 7 is another perspective view of the end effector of the electrosurgical device

of FIG. 3;



[0022] FIG. 8 is a perspective view of a distal end port 'on of the end effector of the

electrosurgical device of FIG . 3;

[0023] FIG. 9 is a sectional view of a distal end portion of the end effector of the

electrosurgical device of FIG. 3 shown in the environment of cutting a biological tissue;

[0024] FIG. 10 is a side view of a second embodiment 1030 of the electrosurgical device

of the present invention;

[0025] FIG. 11 is a side view of end effector 1101 of electrosurgical device 1030;

[0026] FIG. 12 is a side view of end effector 1101 of electrosurgical device 1030

showing the addition of a conductive tube and a cutting wire;

[0027] FIG. 13 is a cross-sectional view of end effector 1101 taken near distal end 1142;

[0028] FIG. 14 is a schematic diagram of body portion 1132 of end effector 101;

[0029] FIG. 15 is a schematic diagram depicting in detail the shape of distal end 1142 of

body portion 1132 of end effector 1101; and

[0030] FIG. 1 is a flow chart of an exemplary method for the electrosurgical cutting of

biological tissue according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The features and advantages of the present invention will become apparent

from the detailed description set forth below, when taken in conjunction with the

drawings in which like reference numbers indicate identical or functionally similar

elements. Throughout the description, like reference numerals and letters indicate

corresponding structure throughout the several views. Features between the various

exemplary embodiments described in this specification are interchangeable and are not

exclusive to the embodiment in which they are described. Any use of the terms "distal"

and "proximal" are made in reference from the user of the device, and not the patient.

[0032] The invention provides systems, devices and methods for cutting, coagulating and

providing hemostasis. The invention will now be discussed with reference to the figures.

[0033] FIG. 1 shows a front view of an exemplary embodiment of a system of the

present invention having an electrosurgical unit 10 in combination with a handheld

electrosurgical device 30, and a fluid source 20 and fluid delivery arrangement. A

movable cart 2 has a support member 4 comprising a hollow cylindrical post which

carries a platform 6, comprising a pedestal table to provide a flat, stable surface for



location of the electrosurgical unit 10. As shown, cart 2 may further comprise a fluid

source carrying pole 8 having a cross support provided with loops at its ends to provide a

hook for carrying fluid source 20.

[0034] Fluid source 20 comprises a bag of fluid. Fluid 12 flows from fluid source 20

through a drip chamber 14 after a spike located at the end of drip chamber 14 penetrates

the bag. Fluid 12 may then flow through flexible delivery tubing 16 to handheld

electrosurgical device 30. The fluid delivery tubing 16 is made preferably from a polymer

material.

[0035] As shown in FIG. 1, the fluid delivery tubing 16 may pass through pump 22.

Pump 22 may comprise a peristaltic pump and, more specifically, a rotary peristaltic pump.

With a rotary peristaltic pump, a portion of the delivery tubing 16 may be loaded into the

pump head by raising and lowering the pump head in a known manner. Fluid 12 may then

be conveyed within the delivery tubing 16 by waves of contraction placed externally on

the tubing 16. The waves of contraction are produced mechanically, typically by rotating

pinch rollers which rotate on a drive shaft and intermittently compress the tubing 16

against an anvil support. Peristaltic pumps are generally preferred, because the electro

mechanical force mechanism, here rollers driven by electric motor, does not make contact

with the fluid 12, thus reducing the likelihood of inadvertent contamination.

[0036] In other embodiments, pump 22 may be separate instead of integrated with

electrosurgical unit 10. In still other embodiments, pump 22 may be eliminated and the

fluid flow rate may be manually controlled. Such manual control may be by the user of

device 10 or another member of the surgical team with a roller (pinch) clamp or other

clamp provided with device 10. The clamp is configured to act upon and compress the tubing

16 and control flow in a manner known in the art.

[0037] The fluid may particularly comprise an electrically conductive fluid such as

saline solution, and even more specifically, normal (physiologic) saline. Although the

description herein may make reference to saline as the fluid 12, other electrically

conductive fluids can be used in accordance with the invention. For example, in addition

to the conductive fluid comprising physiologic saline (also known as "normal" saline,

isotonic saline or 0.9% sodium chloride (NaCl) solution), the conductive fluid may

comprise hypertonic saline solution, hypotonic saline solution, Ringer's solution (a

physiologic solution of distilled water containing specified amounts of sodium



chloride, calcium chloride, and potassium chloride), lactated Ringer's solution (a

crystalloid electrolyte sterile solution of distilled water containing specified amounts

of calcium chloride, potassium chloride, sodium chloride, and sodium lactate), Locke-

Ringer's solution (a buffered isotonic solution of distilled water containing specified

amounts of sodium chloride, potassium chloride, calcium chloride, sodium bicarbonate,

magnesium chloride, and dextrose), or any other electrolyte solution. In other words, the

conductive fluid is a solution that conducts electricity via, for example, an electrolyte

(i.e., a substance such as a salt, acid or base that dissociates into electrically charged

ions when dissolved in a solvent, such as water, resulting in a solution comprising an ionic

conductor).

[0038] The use of conductive fluids may provide certain advantages over the use of a

dry electrode including, for example, reduced occurrence of tissue sticking to the electrode

of device 30, reduced smoke generation, and increased cooling of the electrode and/or

tissue. A conductive fluid may also be particularly suited to provide better coagulation

and hemostasis of tissue, given the desire to more widely disperse the electrical energy

over a wider area of tissue.

[0039] Electrosurgical unit 10 may be configured to provide both monopolar and bipolar

power output, and may include a lock out feature which prevents both monopolar and

bipolar output from being activated simultaneously.

[0040] During monopolar operation, a first electrode, often referred to as the active electrode,

may be disposed on the handheld portion of the electrosurgical device, while a second

electrode, often referred to as the indifferent or neutral electrode, may be provided in the

form of a ground pad dispersive electrode located on the patient (also known as a patient

return electrode), typically on the back or other suitable anatomical location. An

electrical circuit may be formed between the active electrode and ground pad dispersive

electrode with electrical current flowing from the active electrode through the patient to

the ground pad dispersive electrode in a manner known in the art.

[0041] During bipolar operation, the ground pad electrode located on the patient is not

required, and a second electrode providing an electrical pole may be disposed on the

handheld portion of the device. An alternating current electrical circuit may then be created

between the first and second electrical poles of the device. Consequently, alternating

current will typically not flow through the patient's body to a ground pad electrode as in



monopolar operation, but rather through a localized portion of tissue between the poles of

the bipolar device.

[0042] As shown in FIG. 1, depending on whether electrosurgical device 30 is a bipolar

or monopolar device, device 30 may be connected to electrosurgical unit 10 via

electrical cable 24 or cable 26. Cable 24 has a plug 34 which connects to bipolar mode

output receptacle 38 of electrosurgical unit 10. Cable 26 has a plug 42 which connects to

the monopolar mode output receptacle 46 of electrosurgical unit 10. When

electrosurgical unit 10 is used in monopolar mode, an additional cable 50 is utilized to

connect a ground pad dispersive electrode 48 to the ground pad receptacle 56 of the

electrosurgical unit 10 via a connector 52 of cable 50.

[0043] FIG. 2 shows the front panel of the exemplary electrosurgical unit 10. A power

switch 58 may be used to turn the electrosurgical unit 10 on and off. After turning the

electrosurgical unit 10 on, an RF power setting display 60 may be used to display the RF

power setting numerically in watts. The power setting display 60 may further comprise a

liquid crystal display (LCD).

[0044] Electrosurgical unit 10 may further comprise an RF power selector 62 comprising

RF power setting switches 62a, 62b which may be used to select the RF power setting.

Pushing the switch 62a will increase the RF power setting, while pushing the switch 62b

will decrease the RF power setting. Additionally, electrosurgical unit 10 may include an

RF power activation display 64 comprising an indicator light which will illuminate when

RF power is activated, either via a hand switch on device 30 (e.g. shown in FIG. 1 as

monopolar or bipolar cut switch 114 or coagulate switch 116, depending on whether the

device is a monopolar or bipolar device, respectively) or a fooiswitch (e.g. shown in FIG.

1 as monopolar or bipolar cut footswitch 94 or coagulate footswitch 96, depending on

whether the device is a monopolar or bipolar device, respectively). Switches 62a, 62b

may comprise membrane switches. It should be understood that, while only one RF

power selector 62 is shown, electrosurgical unit 10 may have two such RF power

selectors with one each for monopolar and bipolar power selection.

[0045] In addition to having RF power setting display 60, electrosurgical unit 10 may

further include a fluid flow rate setting display 66. Flow rate setting display 66 may

comprise three indicator lights 66a, 66b and 66c with first light 66a corresponding to a

fluid flow rate setting of low, second light 66b corresponding to a fluid flow rate setting



of medium (intermediate), and third light 66c corresponding to a flow rate setting of high.

One of these three indicator lights will illuminate when a fluid flow rate setting is

selected.

[0046] Electrosurgical unit 10 may further include a fluid flow selector 68 comprising

flow rate setting switches 68a, 68b and 68c used to select or switch the flow rate setting.

Three push switches may be provided with first switch 68a corresponding to the fluid

flow rate setting of low, second switch 68b corresponding to a fluid flow rate setting of

medium (intermediate) and third switch 68c corresponding to a flow rate setting of

high. Pushing one of these three switches will select the corresponding flow rate

setting of either low, medium (intermediate) or high. The medium, or intermediate,

flow rate setting may be automatically selected as the default setting if no setting is

manually selected. Switches 68a, 68b and 68c may comprise membrane switches.

[0047] Before starting a surgical procedure, it may be desirable to prime device 30 with

fluid 12. A priming switch 70 may be used to initiate priming of device 30 with fluid 12.

Pushing switch 70 once may initiate operation of pump 22 for a predetermined

time period to prime device 30. After the time period is complete, the pump 22 may shut

off automatically. When priming of device 30 is initialed, a priming display 72

comprising an indicator light may illuminate during the priming cycle.

[0048] n an example embodiment, electrosurgical unit 10 is an electrosurgical power

generator (also called a voltage source, power supply or waveform generator) which

produces a pulsed radio frequency (RF) wavefonn. The waveform can include a burst of

biphasic pulses followed by a burst interval during which no pulses are present. Each

pulse may have an opposite electrical polarity to that of a previous pulse (i.e., the pulses

are charge balanced biphasic). Example characteristics of the power generator include a

peak power output in a range of about 0.5 kW (kilowatts) to 2.5 kW, a peak voltage

output in a range of about 200 volts to 1,000 volts, a burst frequency in a range of about

0.5 kHz to 12 kHz (kilohertz), and a burst duty cycle in a range of about 5% to 95%. In

another example embodiment, electrosurgical unit 10 is an electrosurgical power

generator as described in U.S. Patent No. 7,357,802, which is incorporated herein by

reference.

[0049] Electrosurgical device 30 of the present invention is described in further detail

below with reference to FIGS. 3-8. It should be understood that while electrosurgical



device 30 and electrosurgical unit 10 are described herein as being used together, a

person skilled in the relevant art will understand that electrosurgical device 30 may be

used with other electrosurgical units, and electrosurgical unit 10 may be used with other

electrosurgical devices.

[0050] As shown in FIG. 3, exemplary device 30 is a bipolar device which comprises

an elongated handle 100 comprising mating handle portions 100a and 100b. Handle 100 is

slender, along with the rest of device 30, to enable a user of device 30 to hold and

manipulate device 30 between the thumb and index finger like a pen-type device.

Handle 100 may comprise a sterilizable, rigid, non-conductive material, such as a

polymer (e.g., polycarbonate).

[0051] During use of device 30, fluid 12 from fluid source 20 may flow through a tubular

fluid passage which may be provided by various structures. In the present embodiment,

fluid 12 from the fluid source 20 may first flow through lumen 18 of delivery tubing 16.

Fluid 12 may also flow through a lumen of a special pump tubing segment designed to

operate specifically with pump 22, which may be spliced in between portions of delivery

tubing 16 and connected thereto at each end.

[0052] Device 30 includes cable 24 which is connectable to electrosurgical unit 10 to

provide device 30 with bipolar power output from electrosurgical unit 10. Cable 24 of

device 30 comprises four insulated wire conductors connectable to bipolar power output

receptacles 38a, 38b, 38c, 38d (see F G. 2) of electrosurgical unit 10 via four banana

(male) plug connectors 36a, 36b, 36c, 36b. The banana plug connectors 36a, 36b, 36c,

36d are each assembled with the insulated wire conductors within the housing of plug 34

in a known manner. Plug connectors 36a, 36b are electrically coupled by wire conductors

to hand switches 114, 116, respectively, in a known manner. Plug connector 36c is

electrically coupled by a wire conductor to tubular shaft member 120, which is

electrically coupled to electrode 134. Plug connector 36d is electrically coupled by a wire

conductor to electrode 136. Electrodes 134 and 136 provide a bipolar pair of electrodes.

Electrode 136 may be referred to as an active electrode, and electrode 134 may be

referred to as a return electrode, due to the differences in surface area.

[0053] Within handle 100 of device 30, the distal end of fluid delivery tubing 16 may be

connected to the proximal end of hollow tube 122 of shaft member 120, as shown in FIGS.

4-6. Shaft member 120 may comprise a self-supporting, electrically conductive tube



122 which may comprise a metal tubing segment, such as stainless steel tubing (e.g.

hypodermic tubing). In such case, the outer surface of the tube 122 will preferably be

electrically insulated by, for example, an overlying electrical insulator such as provided by

polymer shrink wrap. To connect delivery tubing 16 to tube 122, the lumen 18 of delivery

tubing is preferably interference fit over the outside diameter of tube 122 to provide an

interference fit seal. Fluid 12 then may flow through the lumen 124 of tube 122 and be

expelled from fluid outlet opening 126 at the distal end 127 of the tube 122.

[0054] Carried by and connected to a distal end of tube 122 is an end effector 101 in the

form of an elongated wedge or triangular shaped blade member 130 having an electrically

insulative (i.e., insulating) body portion 132, which may comprise an electrically

insulative material such as a polymer or ceramic material. As shown in FIGS. 5 and 7,

body portion 132 has opposing planar sides 138, 140 which may be partially covered by

overlying electrode 134. Overlying electrode 134 may comprise, for example, a metal or

conductive polymer material. In one embodiment, electrode 134 is formed by a thin

metallic coating, such as would be provided by a low impedance, conductive paint (e.g.,

a Pb and Cd Free Silver Conductor C8728, available from Heraeus Materials

Technology LLC, Thick Film Material Division, West Conshohocken, Pennsylvania) or

by depositing a metal using printed circuit board or semiconductor manufacturing

techniques. Also as shown, sides 138, 140 converge to provide a wedge or triangular

shape adjacent to electrode 136 which defines an electrosurgical cutting edge of end

effector 101.

[0055] In one example embodiment, as shown in FIG. 5, electrode 136 may

particularly comprise a wire having a rounded, cylindrical shape, with a radius of about

0.5 mm or less and which extends longitudinally (proximally-distally) along a length of

body portion 132. In other example embodiments, such as in FIG. 6, edge 136 may be

made sharp. This is accomplished, for example, by folding or bending a sheet of metal

around the electrosurgical cutting edge formed by converging sides 138, 140 and

sanding or grinding the metal to a sharp edge (e.g., having an edge thickness of about

0.005 to 0.010 inches (0.12 mm to 0.25 mm)).

[0056] At the distal end 142 of body portion 132 is an oblong cavity 144 which

contains the distal end 127 of tube 122 and fluid outlet opening 126, as shown in FIG. 8.

Oblong cavity 144 also has its surface coated with the metallic material to provide



electrode 134 since it is in physical contact with electrically conductive tube 122 from

which it receives electrical energy. There is also a portion 146 of body portion 132 located

between electrodes 134 and 136 at the distal end 142 which functions to minimize or

interrupt any short that may occur between electrodes 134 and 136. h addition, portion

146 may reduce or eliminate the ingress of fluid 12 to the vicinity of electrode 136,

preventing any impairment of the cutting action by a defocused electric field.

Device 30 is preferably used with an electrically conductive fluid 12. As

shown in FIG. 9, in order to facilitate plasma generation, two contacts are made with

tissue 200, one contact by cutting electrode 136 and another contact with return electrode

134. The cutting electrode 136 of device 30 may be brought in contact with the tissue 200

to be cut, and power may be applied to the device 30. Depending on the angular position

of device 30 with respect to tissue 200, the contact with the return electrode 134 may or

may not be established and, as a result, the plasma process may or may not initialize.

If there is contact between the return electrode 134 and tissue 200, the plasma process

will initialize. If the angle of device 30 is such that there is no contact between return

electrode 134 and tissue 200, the plasma process may not initialize.

To overcome this concern and to provide better assurance of electrical contact

between return electrode 134 and tissue 200, an electrically conductive fluid 12 dispensed

from fluid outlet opening 126 of tube 122, which is conductively coupled to the return

electrode 134, may be used to establish a momentary localized fluid coupling 204 which

provides an electrically conductive bridge between the return electrode 134 and the tissue

200. Once fluid coupling/bridge 204 is established between the return electrode 134 and

the tissue 200, plasma ignition and the cutting process may commence. The fluid

coupling/bridge 204 may be replaced by direct contact between the return electrode 134

and the tissue 200 as member 130 advances through the tissue 200. Thus, the fluid

coupling/bridge 204 may provide a temporary connection between the return electrode

134 and the tissue 200. Once plasma ignition occurs and cutting is initiated, as shown by

plasma area 206, the return electrode 134 may establish a direct connection with the

tissue 200, allowing use of the electrically conductive fluid to be terminated. In particular,

the flow of fluid 12 from device 30 may be terminated within seconds, for example, about

15 seconds or less, and more particularly about 10 seconds or less. In some cases, fluid



flow may be terminated in about 3-5 seconds and, in other cases, in about 0.1-2.0

seconds.

[0059] FIGS. 11-15 show an alternate embodiment 1030 of electrosurgical device 30.

Referring first to FIG. 10, a side view of device 1030 is shown. In this embodiment,

device 1030 includes a handle 1100 and an end effector 1101. End effector 1101 includes

a body portion 1132 having a distal end 1142.

[0060] FIGS. 11 and 12 show a side view of end effector 1101. As shown, end effector

1101 includes a body portion 1132, a cutting electrode 1136 and a return electrode 1134.

Distal end 1142 of body portion 1132 includes a cavity or dimple 1144 formed therein.

The position of cavity 1144 in distal end 1142 causes formation of a protruding portion

1146 of body portion 1132 to be formed adjacent cavity 1144. Cavity 1144 and

protruding portion 1146 act together to prevent direct short-circuits between electrodes

1134 and 1136. In addition, portion 1146 may reduce or eliminate the ingress of

conductive fluid to the vicinity of electrode 1136, preventing any impairment of the

electrosurgical cutting action by a defocused electric field.

[0061] Body portion 1132 is formed from an insulating material such as a ceramic or

polymer material. Body portion 1132 has a cross-sectional shape that is substantially

rectangular or blade-shaped, having substantially flat, parallel sides. In one example

embodiment, body portion 1132 is a thin ceramic blade having a thickness of

approximately 0.020 inches (0.51 mm). Electrodes 1134 and 1136 are formed by depositing

a thin metal layer, such as would be provided by a low impedance, conductive paint (e.g.,

Pb and Cd Free Silver Conductor C8728, available from Heraeus Materials Technology

LLC, Thick Film Material Division, West Conshohocken, Pennsylvania) or by

depositing a metal using printed circuit board or semiconductor manufacturing

techniques.

[0062] As shown in FIG. 12, an electrically conductive tube 1122 may be attached to

electrode 1134 along the length of body portion 1132, where it may also serve as part of

(or an alternative for) return electrode 1134. Tube 1122, having a fluid outlet opening

1126 adjacent to distal end 1142, is configured to deliver a conductive fluid to area

immediately adjacent to distal end 1142. The embodiment of FIG. 11 also shows a

cutting wire 1137 attached to cutting electrode 1136. In an example embodiment, wire



1137 has a diameter of 0.005" to 0.015" (0.13 mm to 0.38 mm) and is soldered (or

welded) onto cutting electrode 1136 to enhance durability of cutting electrode 1136.

[0063] FIG. 13 shows a cross-sectional view (taken near distal end 1142) of end

effector 1101. FIG. 14 is a schematic diagram of body portion 1132 of end effector

1101. FIG. 15 is a schematic diagram depicting in detail the shape of distal end 1142 of

body portion 132 of end effector 1101. These figures serve to further depict the details

of this embodiment of the invention.

[0064] FIG. 16 illustrates a flow chart for the steps performed for cutting biological tissue

in accordance with an embodiment of the present invention. At step 302, a flow of an

electrically conductive fluid to a distal end of the bipolar elecirosurgical device is

initiated. At step 304, electrical energy is applied between the first electrode and the

second electrode on the bipolar electrosurgical device. At step 306, the bipolar

electrosurgical device is applied to the biological tissue such that the first electrode near

the distal end of the bipolar electrosurgical device is in direct contact with the biological

tissue. This will result in formation of an electrical arc adjacent the distal end of the

bipolar electrosurgical device. At step 308, the flow of the electrically conductive fluid

may be terminated without affecting the arc. Thus, as shown at step 310, the arc is

maintained to cut the biological tissue.

[0065] Based on the disclosure set forth herein, a person skilled in the art will understand

that the steps of this method are presented in a representative order and that certain of the

steps may be performed in a different order or may even be performed simultaneously.

For example, steps 302 and 304 may be performed in a different order or may be

performed simultaneously.

[0066] While a preferred embodiment of the present invention has been described, it should

be understood that various changes, adaptations and modifications can be made therein

without departing from the spirit of the invention and the scope of the appended claims. The

scope of the invention should, therefore, be determined not with reference to the above

description, but instead should be determined with reference to the appended claims

along with their full scope of equivalents. Furthermore, it should be understood that

the appended claims do not necessarily comprise the broadest scope of the invention which

the Applicant is entitled to claim, or the only manner(s) in which the invention may be

claimed, or that all recited features are necessary.



All publications and patent documents cited in this application are

incorporated by reference in their entirety for all purposes to the extent they are

consistent.



WHAT IS CLAIMED IS:

1. An electrosurgical device comprising:

(a) a handle; and

(b) an elongated end effector coupled to the handle, the end effector having

(i) an elongated insulating body having a proximal end coupled to the handle

such that the body extends away from the handle toward a distal end,

(ii) a first electrode disposed along the insulating body,

(iii) a second electrode disposed along the insulating body, wherein the first

and second electrodes are separated at the distal end of the insulating body,

(iv) a cavity formed in the distal end of the effector between the first and

second electrodes, and

(v) a fluid-delivery tube for delivering a fluid to the distal end the insulating

body adjacent the cavity;

wherein delivery of the fluid facilitates formation of an electrical coupling between the

first electrode and the second electrode through tissue adjacent the distal end of the

insulating body for performance of an electrosurgical procedure.

2. The device of claim 1, wherein:

(a) the insulating body has a cross-sectional shape that is a substantially flat rectangle;

(b) the first electrode is disposed on a minor edge of the substantially flat rectangle;

and

(c) the second electrode is disposed on an opposite minor edge of the substantially

flat rectangle.

3. The device of claim 3, wherein the fluid delivery tube is attached to the insulating body

adjacent the second electrode.



4 . The device of claim 3, wherein the fluid delivery tube is attached to the second electrode.

5. The device of claim 3, wherein the fluid-delivery tube comprises an electrically

conductive tube.

6 . The device of claim 5, wherein the fluid delivery tube also serves as the second electrode.

7 . The device of claim 2, wherein the first electrode and the second electrode comprise

metalized layers on the insulating body.

8. The device of claim 7, wherein the first electrode further comprises a wire, having a

diameter less than about one mm, attached to the metalized layer.

9 . The device of claim 2, wherein the first electrode comprises a wire, having a diameter

less than about one mm.

10. The device of claim 1, wherein:

(a) the insulating body has a cross-sectional shape that is substantially wedge-shaped

with a broad base, a narrow edge, and sides connecting the broad base to the

narrow edge;

(b) the first electrode is disposed on the narrow edge of the insulating body; and

(c) the second electrode is disposed on the insulating body and terminates in a

conductive portion in the cavity.

11. The device of claim 10, wherein the fluid deliver tube comprises a passage through the

insulating body that opens into the cavity at the distal end of the insulating body.

12. The device of claim 10, wherein the first electrode comprises a wire having a diameter

less than about one mm.

13. The device of claim 11, wherein the first electrode comprises a sheet of metal covering

the apex of the narrow edge.

14. The device of claim 13, wherein the sheet of metal has a thickness in the range of about

0.12 mm to 0.25 mm.



15. The device of claim 10, further comprising at least one electrode on the sides of the

insulating body to provide coagulation and hemostasis to biological tissue.

16. A method for electrosurgical cutting of biological tissue, comprising:

(a) initiating a flow of an electrically conductive fluid to a distal end of a bipolar

electrosurgical device;

(b) applying electrical energy between a first electrode and a second electrode on the

bipolar electrosurgical device;

(c) applying the bipolar electrosurgical device to biological tissue such that the first

electrode near the distal end of the bipolar electrosurgical device is in direct

contact with the biological tissue, and such that an arc is formed adjacent the

distal end of the bipolar electrosurgical device;

(d) terminating the flow of the electrically conductive fluid; and

(e) maintaining the arc to cut the biological tissue.

17. The method of claim 16, wherein the initiating step comprises:

(a) delivering the electrically conducting fluid to a cavity in the distal end of the

bipolar electrosurgical device that forms the second electrode.

18. The method of claim 16, wherein the step of applying electrical energy comprises:

(a) applying pulsed electrical energy to the biological tissue.

19. The method of claim 16, wherein the step of applying electrical energy comprises:

(a) applying continuous electrical energy to the biological tissue.

20. The method of claim 16, wherein the terminating step comprises:

(a) terminating the flow of the electrically conductive fluid about three to five

seconds after initiation of the flow.

21. The method of claim 16, wherein the terminating step comprises:



terminating the flow of the electrically conductive fluid about 0.1 to 2.0 seconds

after initiation of the flow.
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