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5 SYSTEM AND METHOD FOR COOLING OF A HEATED SURGICAL

INSTRUMENT AND/OR SURGICAL SITE AND TREATING TISSUE

THE FIELD OF THE INVENTION
10 The present invention relates to surgical instruments. More specifically, the
present invention relates to a system and method for cooling a heated surgical
instrument and/or the surgical field in which a heated surgical instrument is being

used, or otherwise treating tissue.

15 BACKGROUND
It is becoming more common to use heated surgical instruments, such as
electrosurgical devices, during surgery because electrosurgical devices may provide
benefits over traditional surgical devices. For example, some electrosurgical
instruments have the ability to make precise incisions in tissue with limited blood
20  loss. Because of their advantages, electrosurgical devices are used in dermatological,
gynecological, cardiac, plastic, ocular, spine, ENT, maxillofacial, orthopedic,
urological, neurological and general surgical procedures as well as certain dental
procedures, just to name a few.
Electrosurgical devices may be used for cutting, repairing and/or removing
25  tissue or other materials from a patient. To perform each of these procedures the
electrosurgical device must heat the tissue or other material to a desired temperature.
For example, for vascular endothelial welding a surgeon may use an electrosurgical
device that heats to temperatures of about 58-62 degrees Centigrade, whereas, to

make an incision a surgeon may have to use an electrosurgical device that heats to



WO 2012/139085 PCT/US2012/032659

10

15

20

25

30

temperatures of about 200-400 degrees Centigrade or higher. If a surgeon is not able
to control the temperature of the electrosurgical device during use, or the device cools
to slowly after the device is no longer being activated, then undesired results may
occur which may lead to an adverse outcome for the patient.

As surgical instruments become more advanced, they often have increased
power demands which may cause heat to build-up in a surgical instrument. While it
may be desirable to have a high temperature at a precise surgical site, such as the tip
of an electrosurgical instrument, high temperatures may be undesirable elsewhere.
For example, if the temperature of structures adjacent a tip of an electrosurgical
instrument becomes too hot, those structures may damage and/or destroy tissue.

A surgical instrument may also dissipate heat into the surgical handpiece.
High temperatures of a surgical handpiece may decrease the effectiveness of, or cause
pain or discomfort to the surgeon. High heat of a handpiece may limit the acceptance
of the instrument, or reduce the amount of time the surgical instrument may be put in
use. Furthermore, undesirable heating may reduce the effectiveness of onboard
electronics.

The undesired heating of the surgical instrument may be caused by heating of
a surgical structure, heating of handpiece electronics and/or heat otherwise caused by
operation of the surgical instrument. The heat may even become more critical
because many surgical instruments are small with little room to effectively dissipate
heat into the air.

Moreover, while it is desirable to have a surgical instrument that achieves
adequate temperature for sealing, cutting, etc., it is often desirable to minimize the
damage caused by the heat to anything but the precise location of the tissue being
treated. Thus, while it may be desirable to maintain an electrosurgical device at a
high temperature for a given procedure, tissue in the surgical field adjacent to the
surgical site may be unnecessarily damaged by the exposure to the high temperature.
Again this may lead to undesired results and an adverse outcome for the patient.

Therefore it would be desirable to cool a surgical instrument, such that
adjacent structures, the handpiece and the electronics remain sufficiently cool to not
adversely impact the performance of the surgical instrument and/or its ease of use.

Such device may result in cooling of a surgical instrument both during use and when
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the surgical instrument is not being thermally activated. Additionally, it would be
desirable to have a surgical instrument or related structure that minimized any
collateral damage to tissue(s) adjacent to the surgical site.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved cooling system
for use with thermal surgical instruments.

In accordance with one aspect of the present invention, an actively cooled
surgical handpiece or other medical instrument is provided to reduce heat associated
with the handpiece or other medical instrument.

In accordance with another aspect of the invention, a cooling fluid may be
passed through a surgical handpiece to carry heat away from the handpiece and
thereby keep the handpiece comfortable for use. For ease of reference, the flow of a
cooling fluid will be referred to herein as “coolant flow:” It will be appreciated that
a variety of cooling fluids may be used, e.g. liquids and gasses, in various situations.
These may include, but are not limited to, air, carbon dioxide, water, saline and
helium, and may be referred to as cooling fluid or coolant interchangeably.

In accordance with another aspect of the invention, the cooling fluid is passed
over or through one or more structures used to support a thermal cutting element to
cool the structure;

In accordance with another aspect of the invention, coolant flow may be
directed toward structures adjacent a thermal element, to the thermal element, and to
the electronics of the handpiece, etc. This coolant flow may aid in the reduction of
temperature at the adjacent structures, such that an accidental touching of an adjacent
structure may not damage tissue. The coolant flow may also aid in reducing the
cooling time of the tip and/or thermal element, providing a faster “off” time, e.g.
quicker cooling, when actuation of the thermal element ceases.

According to another aspect of the invention, all or a portion of the coolant
flow may be directed out of an aperture toward a thermal element. This may aid in
the quick cooling of the thermal element. Furthermore, the coolant flow may aid in
moving liquid, such as blood, away from the surgical site. As liquid is moved from
the surgical site, this may aid in the reduction of coagulum and increase the

effectiveness of the thermal element.
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In accordance with yet another aspect of the invention, a cooling fluid may be
directed out of the handpiece and at the tissue being cut, sealed, etc., to thereby
promptly remove heat from the tissue and minimize the conduction of heat into tissue
beyond the location being treated. This may include, for example, directing saline
solution at tissue being subject to thermal cutting or sealing to promptly quench the
tissue and minimize damage beyond the portion of the tissue in direct contact with the
surgical instrument.

In accordance with yet another aspect of the invention, a surgical handpiece
may have interchangeable tips having thermal elements, some or all of which are
attachable to the handpiece so as to provide coolant flow to the tips, thermal
elements, and/or toward tissue being thermally treated.

According to one aspect of the invention, coolant flow may be drawn through
a thermal surgical tool using suction.

According to another aspect of the invention, a thermal surgical tool may
include a system for removing smoke and/or other air contaminates from the surgical
field. The smoke removal system may be separate and in addition to a cooling system
used to cool the surgical tool.

In accordance with still another aspect of the invention, the interchangeable
tips may include a cooling system independent of a cooling system for the handpiece.

In accordance with another aspect of the invention, the cooling system for the
handpiece and/or the tips may use forced fluid or may rely on a gravity feed of fluid.

According to still another aspect of the present invention, the rate of fluid flow
to the thermal element may be adjusted to deliver more or less fluid to the thermal
element.

According to yet another aspect of the present invention, a fluid cooled heated
surgical instrument may include a structure for receiving tubing from a fluid drip line
located at a position other than the tip which delivers fluid to a thermal element of the
heated surgical instrument and/or to the surgical field.

According to another aspect of the present invention, a fluid passing through a

surgical tip may be used to blanch tissue.
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These and other aspects of the present invention are realized in a cooling
system for heated surgical instruments as shown and described in the following

figures and related description.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention are shown and described in
reference to the numbered drawings wherein:

FIG. 1 shows a perspective view of a thermal surgical tool with a cooling
system in accordance with the present invention;

FIG. 2A shows an exploded, perspective view of a thermal surgical tool with a
cooling system;

FIG. 2B shows a side view of a thermal surgical tool according to principles of
the present invention having a removable tip;

FIG. 2C show a side view of the internal components of the thermal surgical
tool in FIG. 2B;

FIG. 2D shows a side, cross-sectional view of a thermal surgical tool with a
removable tip connected to the body of a handpiece;

FIG 3 shows a front, perspective view of the body of a handpiece and a
removable tip, wherein the internal components of the removable tip are visible;

FIG. 4 shows a rear, perspective view of a removable tip according to
principles of the present invention;

FIG. 5A shows a side, cross-sectional view of a surgical tip of the present
invention;

FIG. 5B shows a perspective, cut-away view of a surgical tip of the present
invention;

FIG. 6A shows a perspective view of another surgical tip of the present
invention;

FIG. 6B shows a side, cross-sectional view of the tip in FIG. 6A;

FIG. 6C shows a front, perspective view of a surgical tip having an elongate
tube, with a  cross-section view of an elongate tube;

FIG. 6D shows a front view of a spline;
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FIG. 6E shows a close-up, perspective view of a surgical tip according to one
aspect of the present invention;

FIG. 6F shows a side, perspective cross-sectional view of a surgical tip of the
present invention;

FIG. 6G shows a side, perspective cross-sectional view of another surgical tip
of the present invention;

FIG. 7A shows a perspective view of a thermal surgical instrument according
to one aspect of the invention;

FIG. 7B shows a side view of the thermal surgical instrument of FIG. 7A;

FIG. 7C shows a perspective view of a tube in accordance with principles of
the present invention;

FIG. 8 shows a perspective view of a handpiece with a cooling system in
accordance with the present invention;

FIG. 9 shows a perspective view of the top of an open handpiece with a
cooling system in accordance with one aspect of the present invention;

FIG. 10A shows a plan view of the handpiece of FIG. 9with a rear vented
cooling system in accordance with one aspect of the present invention;

FIG. 10B shows a plan view of a handpiece with a front and rear vented
cooling system in accordance with another aspect of the present invention;

FIG. 10C shows a plan view of a handpiece with a front vented cooling system
in accordance with still another aspect of the present invention;

FIG. 10D shows a plan view of a handpiece with a vacuum based cooling
system;

FIG. 11A shows a cut-away perspective view of an open tip of a surgical
handpiece with cooling system in accordance with yet another aspect of the present
invention;

FIG. 11B shows a plan view of an open tip of a surgical handpiece with a rear
vented cooling system in accordance with still another aspect of the present invention;

FIG. 11C shows a plan view of an open tip of a surgical handpiece with a front
and rear vented cooling system;

FIG. 12A shows a bottom perspective view of a handpiece with a cooling

system;
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FIG. 12B shows a bottom perspective view of a handpiece with a cooling
system having a portion of the case removed;

FIG. 13A shows a front perspective view of the tip of a handpiece with a rear
vented cooling system;

FIG. 13B shows a front perspective view of the tip of a handpiece with a front
vented cooling system;

FIG. 13C shows a rear perspective view of the back of a handpiece with a rear
vented cooling system;

FIG. 14A shows a side view of internal handpiece components;

FIG. 14B shows a side view of internal handpiece components with coolant
flow indications;

FIG. 14C shows a side view of representative internal handpiece coolant flow;

FIG. 15A shows a side view of cooled forceps;

FIG. 15B shows a side view of a cooled ultrasound tool;

FIG. 15C shows a side view of a cooled monopolar handpiece;

FIG. 15D shows a side view of a cooled catheter;

FIG. 16A shows a top view of an open tip with coil cooling;

FIG. 16B shows a side view of a tip with hollow tip cooling;

FIG. 17 shows a top view of an open handpiece with a heat pipe cooling
system;

FIG. 18 shows a surgical system with a cooled handpiece;

FIG. 19 shows a perspective, open view of a removable tip with cooling;

FIG. 20 shows a close-up view of the joint of a removable tip with cooling;

FIG. 21 shows a perspective view of a removable tip handpiece with cooling;

FIG. 22 shows a top view of a removable tip handpiece with cooling with a
top case portion removed;

FIG. 23 shows a perspective view of a removable tip handpiece with cooling
with the case and tip cover removed,;

FIG. 24 shows a perspective view of the interior of a removable tip handpiece
with coolant flow diagram;

FIG. 25 shows a top view of the interior of a removable tip handpiece with

cooling with coolant flow diagram;
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FIG. 26 shows a rear view of a removable tip of a handpiece with cooling
without a case;

FIG. 27 shows a front view of a removable tip handpiece with cooling without
a case;

FIG. 28 shows a close-up view of a joint of a removable tip handpiece with
cooling as shown in FIG. 25;

FIG. 29 shows a perspective view of a heated surgical instrument with a
cooling system made according to principles of the present invention;

FIG. 30 shows a surgical system with a heated surgical instrument in
communication with a fluid drip line in accordance with the present invention;

FIG. 31 shows a surgical system with a heated surgical instrument in
communication with a fluid drip line regulated by a pump;

FIG. 32 shows a fragmented, perspective view of a tip for a heated surgical
instrument in accordance with one aspect of the present invention;

FIG. 33 shows a fragmented, perspective view of a tip for a heated surgical
instrument with a single irrigation port;

FIG. 34 shows a side view of a tip with hollow tip cooling;

FIG. 35 shows a perspective view of a tip for a heated surgical instrument with
an attachment member for receiving the tubing of a fluid drip line according to one
aspect of the present invention;

FIG. 36 shows a perspective view of a tip for a heated surgical instrument with
a channel for delivering fluid;

FIG. 37 shows a perspective view of a heated surgical instrument with an
intake for receiving a fluid drip line located at a distal end of the instrument;

FIG. 38 shows a cut-away view of an alternate configuration of a handpiece;

FIG. 38A shows two alternative tips which may be used with the handpiece of
FIG. 38;

It will be appreciated that the drawings are illustrative of aspects of the
invention and are not limiting of the scope of the invention which is defined by the
appended claims. The embodiments shown accomplish various aspects and objects of
the invention. It is appreciated that it is not possible to clearly show each element and

aspect of the invention in a single figure, and as such, multiple figures are presented
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to separately illustrate the various details of the invention in greater clarity. Thus,
elements shown in one figure may be combined with or used in place of similar
elements in another figure. Similarly, not every embodiment need accomplish all
advantages of the present invention. Rather, each embodiment provides some
improvement in some application which may be applicable but need not include all
aspects of the invention discussed herein to fall within the scope of the claims unless

expressly set forth therein.

DETAILED DESCRIPTION

The invention and accompanying drawings will now be discussed in reference
to the numerals provided therein so as to enable one skilled in the art to practice the
present invention. The drawings and descriptions are exemplary of various aspects of
the invention and are not intended to narrow the scope of the appended claims.

Turning now to FIG. 1, there is shown a perspective view of a surgical
handpiece, generally indicated at 10, with a cooling system. The surgical handpiece
includes an active thermal element 20 which may be formed as part of a tip 30. The
tip 30 may be integrally formed with, attached and/or removable from a body 40, all
or a portion of which may form a handle portion.

A surgical handpiece, such as handpiece 10, may be very important to a
surgeon's effectiveness in surgery. This is particularly so with electrosurgery,
whether using electrical energy, mechanical energy or thermal energy to cut and/or
coagulate tissue and blood vessels. The more precise containment of thermal energy
to specific areas during specific periods of time may increase the safety of using a
surgical handpiece 10 and also contribute to the surgeon's comfort and his or her
effectiveness. A surgeon may thus desire that portions of the handpiece 10 that are
expected to be hot do in fact remain hot while active, and portions that should be
relatively cool should remain cool. This may be particularly true of the handle
portion 40 where the surgeon holds the handpiece 10 for a prolonged period of time.

Increased thermal energy may arise at different locations in the handpiece 10
through direct or indirect sources. In some cases the thermal energy may be desirable,
such as in the thermal element 20 of a ferromagnetic surgical tool converting

electrical energy to heat for surgery. In other cases, increased thermal energy at a
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location may be a byproduct of energy dissipation, such as through conduction of heat
from an active thermal element to other structures comprising the handpiece 10, heat
generated by electrical components of the handpiece 10, etc. Whatever the source, if
the handpiece 10 cannot remove undesired thermal energy accumulation in a

5 controlled manner, one or more components of the handpiece 10 may get undesirably
hot.

If the handpiece 10 becomes too hot, the handpiece may become dangerous to
either the surgeon or the patient. For example, the tip 30 may become hot enough to
damage tissue that comes into close proximity to, or in contact with, the tip if thermal

10 energy is not effectively removed. Thus, an accidental touching of the tip 30 to tissue
may injure a patient. Similarly, thermal energy may build up in the handpiece 10 over
time. Overheating of the handpiece may reduce the time in which the surgical
instrument may be used, cause discomfort to a surgeon using the surgical instrument,
and/or even injure the surgeon.

15 Thus, it is desirable to control heat build-up in one or more components of a
handpiece 10. In the handpiece 10 shown in FIG. 1, the active thermal element 20,
such as, for example, a wire with a ferromagnetic coating may become hot to treat
tissue. However it is often desirable for the remainder of the tip 30, the body 40,
and/or any components located in the handpiece 10 (not shown) to remain relatively

20 cool. In some medical applications, such as the ablation or cutting of tissue, the
thermal element 20 can be driven to several hundred degrees Celsius. Thus, even a
fairly small element can produce a significant thermal load which must be dissipated.

An active cooling system may help in cooling by circulating coolant, such as
air (or other gas) or liquid, through the handpiece 10. The flow may pass from

25  through a flow channel (not shown in FIG. 1) toward the tip 30 and out a rear exit 50.
The active cooling system may help in cooling the tip 30, body 40, and internal
components, and keep the external surfaces within a temperature range that makes it
comfortable to hold the handpiece 10.

In a small handpiece 10, the handpiece may not be able to effectively dissipate

30 heat passively, thus active cooling may be required. As power requirements rise and
the desirable size of the handpiece 10 becomes smaller, there may be a greater need

for active cooling in such a handpiece 10. Furthermore, active cooling may be used to
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remove heat from the handpiece 10 both when the thermal element 20 is being
actuated and during times when power is not being delivered to the thermal element
20. By providing continuous active cooling, heat build-up in the various components
may be better controlled.

Turning now to FIG. 2A, there is shown an exploded view of the surgical
handpiece 10 of FIG. 1. The handpiece 10 may include a connecting member 52 for
connecting to a power supply. Electrical energy may be transferred to the handpiece
10 through an electrical lead 54, such as a coaxial cable, which may extend into the
body 40 of the handpiece 10 and connect to one or more electrical components
located therein. The power supply may also include a source for providing coolant
flow to cool the handpiece 10. Thus, both electrical energy and coolant flow may be
supplied to the handpiece 10 from a single supply, which is connected to the
handpiece 10 via connecting member 52. The connecting member may be attached to
the distal end 50 of the handpiece 10. Alternatively, coolant flow may be provided to
the handpiece 10 from a separate source then the power supply.

The handpiece 10 may also include a tip 30 having a thermal element 20
disposed thereon. As is shown in FIG. 2B, the tip 30 may be removably connected to
the proximal end of the body 40. Because the tip 30 is removably connected to the
body 40, a surgeon may be able to interchange various tips 30 with the body. A
surgeon may use the handpiece 10 having a first tip configured to perform a specific
task and then use an alternate tip to perform another task. This may be, for example,
using a blade like tip for incising tissue. After the tissue is incised, and then surgeon
may change to a loop to excise a tumor. Depending on the procedures, a surgeon
may use multiple different tips. Additionally, if a tip 30 becomes damaged during a
procedure a surgeon may simply replace the tip 30, rather than attempt to locate an
alternate surgical instrument to complete the procedure.

Turning now to FIG. 2C, a side view showing internal components of the
surgical handpiece 10 of FIG 2B is shown. The body 40 may include a tube 140a
which extends from approximately the distal end 50 of the handpiece 10 toward a
recess 5 configured to receive a tip 30. When a fluid supply is connected to the
handpiece 10 at or adjacent the distal end 50, tube 140a may direct coolant flow

toward the recess 54.
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Tip 30 may include a housing 32, a portion of which 32a is configured to
facilitate connection of the tip 30 to the body 40. For example, recess 54 may be
constructed so as to have a specific configuration and the housing 32 may be keyed to
fit into the recess 54 in a specific manner, i.e. the housing may have a shape that is
complimentary to the shape of the recess 54. The handpiece 10 may include one or
more additional alignment members 42, such as a prong, protrusion, notch, etc., to
ensure that the tip 30 properly seats in the recess 54.

Tip 30 may also include a tube 140b. Placing the keyed housing portion 32a
in the recess 54 facilitates alignment of the tubes 140a and 140b such that they are in
fluid communication when the tip 30 is connected to the handpiece 10 to thereby
allow coolant flow into tip 30. A side, cutaway view of the handpiece 10 in FIG. 2D
shows how a sealing member 34, such as an O-ring, disposed on the tip 30 may be
used to minimize coolant flow leaks that may occur when the tip 30 is connected to
the body 40. Coolant flow directed into the tip 30 may actively cool electrical
components 44, 46 that may be located in the tip, the tip housing 32, and according to
some aspects of the invention the thermal element 20, as is explained in more detail
below.

The thermal element 20 may connect to electronic components located in the
tip 30. For example, the thermal element 20 may connect to a printed circuit board
44. Disposed on the thermal element 20 may be an electrically conductive material
82 which facilitates attachment of the thermal element to the printed circuit board 44.
Located adjacent to the thermal element 20 may be a heat spreader or heat sink 36.
The heat spreader 36 may be a sheath that extends around at least a portion of the
thermal element 20 and helps dissipate the heat by convection and/or a cooling fluid.
The heat spreader 36 may be comprised of aluminum, copper or other material having
a high thermal conductivity and may have a geometry with an adequate surface area
to dissipate heat. Thus, the high thermal conductivity, when combined with coolant
flow and area can use used to maximize heat dissipation.

Turning now to FIG. 3, there is shown a perspective view of a thermal surgical
tool, generally indicated at 10, according to principles of the present invention. The
body 40 and the tip 30 may each have a visual aid 66a and 66b, respectively, to

indicate to the user the correct orientation in which the tip 30 should be attached to the
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body 40. FIG. 3 also better shows the shape of the recess 54 which facilitates
attachment of the tip 30 having a keyed housing portion 32a to the body 40 in the
correct orientation. The body 40 may also include one or more alignment members
42 to ensure that the tip 30 and the body 40 are properly aligned when attached.
Although the alignment members 42 are shown disposed on the body 40, it will be
appreciated that one or more alignment members may be disposed on the tip 30.

The body 40 may include an electrical connector 56 in electrical
communication with a power supply configured to mate with an electrical connector
48 disposed on the tip 30. Thus, when the tip 30 is attached to the body, electrical
energy can be provided to the tip 30 to, for example, cause heating of the thermal
element 20. The tip 30 may also include electrical components or processors, such as
an EEPROM 69, which provide information about the tip 30 for desired functioning
of the handpiece 10.

Additionally, when the tip 30 is connected to the body 40, coolant flow is
directed into the tip 30 through a channel 142. The body 40 may include a raised lip
64 adjacent the channel 142. The raised lip 64 may press into a resilient material
(FIG. 4, reference numeral 72), such as rubber, disposed on the tip 30 to create a seal
which minimizes coolant flow leaking from the channel 142 when the tip 30 is
connected to the body 40. Alternatively, the tip 30 may be connected to the body 40
using a Luer taper or other connectors. For example, the body 40 may include a male-
taper fitting and the tip 30 may include a mating female part for making a leak-free
connection between the tubes 140a and 140b (FIGs. 2C and 2D). It will be
appreciated that other leak-free connection methods may be used to prevent leaking of
coolant flow from one or more channels 142, such as a butt joint.

Turning now to FIGs. 5A and 5B, close-up cutaway views are shown of a tip
30 connected to a body 40. The tip 30 may include an enclosing member 58 disposed
adjacent the proximal end of the tip 30adjacent the active thermal member. The
enclosing member 58 may be disc comprised of a high heat resistant material such
ceramic, Kapton, etc., to limit heat transfer from the thermal element 20 to the
remaining structures of the tip 30. The enclosing member 58 may also be configured
to receive the thermal element 20 to provide support for the thermal element during

use of the handpiece 10.
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As can be seen if FIG. 5A, the tube 140b may extend through the tip 30 from
where the tip 30 connects with the body 40 to the proximal end of the tip 30 adjacent
the enclosing member 58. Thus, cooling airflow or other coolant flow may be
directed first to the proximal end of the tip 30 where heat build-up due to conductance
from the thermal element 20 will be most prevalent. The enclosing member 58 may
also include one or more apertures which direct at least part of the coolant flow
toward the heating element 20, as will be describe in more detail below.

Coolant flow from the tube 140b may reflect off of the enclosing member 58
and be directed rearwardly into void 68 to thereby cool the tip housing 32 and any
structures located therein. For example, the tube 140b may have a beveled end 74
which allows fluid to easily flow from the tube 140 and reflect of the enclosing
member 58. The coolant flow may then pass into the body 40 of the handpiece 10
through the opening 78 and 76 in the tip 30 and recess 54 of the body 40, respectively.

Alternatively, coolant flow through the handpiece 10 may be reversed. For
example, a suction force may be applied to the handpiece 10 via channel 142 (FIGs.
2C and 2D) such that air or other fluid is drawn into the handpiece 10 to actively cool
the various structures of the handpiece 10. In such a configuration, fluid introduced
into the handpiece 10 would exit through tubes 140a and 140b.

Turning now to FIGs. 6A through 6G, other removable tips 30, and
components thereof, for attaching to a body 40 of a handpiece 10 of the present
invention (see e.g. FIG. 3) are shown. The tip 30 may have a housing 32 with a keyed
portion 32a for attachment to the body 40 in a similar fashion to tips described above.
The tip 30 shown in FIGs. 6A-6G, however, may include an elongate tube 84 which
extends away from the tip housing 32. The elongate tube 84 may be comprised of an
electrical conductive material, such as copper, brass, etc. and the thermal element 20
may be attached to the proximal end of the elongate tube 84. Thus, electrical energy
may be supplied to the thermal element 20 via the elongate tube 84.

By extending the thermal element 20 away from the tip housing 32, a thermal
surgical tool of the present invention may be used to treat tissues located deeper
within a patient’s body, such as organs located in the body cavity. Such a
configuration may also make it easier for a surgeon to treat tissue near the skin of a

patient by increasing the visibility of the surgical site. For example, the surgeon may
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be able to better see the thermal element 20 contact tissue in a surgical site without
other structures, such as housing 32, obstructing his or her view.

FIG. 6B shows a side, cross-sectional view of a surgical tip 30 having an
elongate tube 84. According to principles of the present invention, coolant flow may
be used to cool the tip 30 and structures associated therewith. As can be seen, a
cooling fluid may be directed into a void 88 located in the elongate tube 84 from the
tube 140b supplying a cooling fluid. (The tube 140b may be connected to a cooling
fluid supply in any manner described herein). As is more clearly shown in FIG 6F,
the elongate tube 84 may comprise two concentric tubes 94, 96 having an insulating
material 102 disposed therebetween (see FIG. 61), or may use parallel tubes, etc. to
move the cooling fluid through the elongate tube 84. The cooling fluid may flow
through the void 88 toward the proximal end of the elongate tube 84, enter openings
92 (FIG. 6L) and return toward the tip 30 along a parallel path. The cooling fluid may
then flow through the void 68 to cool components located therein, into the handpiece
40, and exit near the distal end 50 of the handpiece 40.

As is best seen in PIG. 6L, the elongate tube may comprise an outer tube 95,
which extends around two inner, electrically conductive tubes 94, 96. A spline 86 (an
end view of which is shown in FIG. 6D) may form the outer tube 95 and may be
dispose about tube 96 creating a space for coolant flow to travel. The outer tube 95
or spline 86 may be thermally and electrically insulative to prevent damage to tissue it
comes into contact with. The outer tube 95 may also be biocompatible.

A cap 104 may be disposed on the proximal end of the elongate tube 84 to
redirect coolant flow from void 88 into openings 92 where it travels back toward the
tip 30 through the space between the outer tube 95 and inner tube 96. (Flow may also
be in the reverse direction). Thus, thermal energy which is conductively transferred
to the elongate tube 84 from the thermal element 20 may be removed. It will be
appreciated that the direction of the coolant flow through the elongate tube 84 may be
reversed by, for example, applying a suction force which draws air in along the space
between the outer tube 95 and the inner tube 96 and exits through void &8.

According to one aspect of the invention, the tube 94 and 96 may comprise a
material which has good thermal conductivity properties, such as aluminum, to

facilitate transfer of thermal energy from the elongate tube 84 to the coolant flow
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traveling therethrough. The insulating material 102 between the electrically
conductive inner tubes 94, 96 may comprise Kapton, Teflon, or the like.

Referring now to FIG. 6G, a side, cross-section view of a removable tip 30
comprising an elongate tube 84 is shown. According to one aspect of the invention,
one or more apertures 104 may be located along the elongate tube 84. Cooling fluid
may flow through void 88 to cool the elongate tube and be released through the one or
more apertures 104. The removable tip 30 may also include additional apertures
which direct coolant flow towards the thermal element 20 to cool the thermal element
more rapidly, similar to other tips described herein.

Turning now to FIGs. 7A and 7B, a perspective view and side view,
respectively, are shown of a thermal surgical tool, generally indicated at 10, according
to one aspect of the present invention. The thermal surgical tool 10 may include a
cooling system such as those described herein. Additionally, the tool 10 may include
a separate system for removing smoke or other aerial contaminants created by
thermally treating tissue. The system may include a tube 106 attached to the tool 10
using one or more clips 108, 112. The tube 106 may be connected to a suction device
so that smoke or other aerial contaminants may be drawn away from the surgical site
during while the tool 10 is being used. FIG 7C shows a perspective view of the tube
106. The tube 106 may comprise one or more support wires 114 disposed within the
walls of the tube 106. Thus the shape of the tube 106 may be changed and the support
wires 114 may hold the tube in that desired shape.

By removing the smoke and other airborne debris created while thermally
treating tissue (thermal cutting, ablation, sealing, etc.), the surgeon is better able to see
the tissue being treated and the smell of burnt tissue can be reduced. The tube 106
may be disposed in communication with a control switch so that the surgeon can turn
on suction when needed and off when it is not.

Turning now to FIG. 8, a perspective view of a handpiece, generally indicated
at 10, with a cooling system in accordance with the present invention is shown. The
handpiece 10 may include a fluid connection port 60 located at a position other than
the distal end 50 of the handpiece 10 (as opposed to the distal end as shown in some
other figures). Similar to the handpiece 10 described above, a fluid may be directed

into the handpiece 10 via the fluid connection port 60 to actively cool the tip 30, body
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40, and/or internal components, and keep the external surfaces within a temperature
range that makes it comfortable to hold the handpiece 10. Alternatively, a suction
force may be applied to the fluid connection port 60 to cause coolant flow through the
handpiece 10 in the opposite direction. (It will be appreciated that suction could also
be applied to the distal end 50 so that port 60 would be the fluid intake). As the
cooling fluid circulates through the body 40, regardless of whether it engages the tip
30, the cooling fluid absorbs heats and cools the body, thereby lessening the
likelihood of the body becoming uncomfortably warm. This is particular
advantageous during long surgical procedures where temperature would tend to
accumulate if not vented and were the heat in the handle portion could become more
uncomfortable.

Turning now to FIG. 9, a side, cutaway view is shown of a thermal surgical
tool, generally indicated at 10, which includes a cooling system. Thermal surgical
tool 10 may comprise a two-sectioned active cooling handpiece 40. The two-
sectioned handpiece 40 may include a primary section 90 and a secondary section
100. Thermal energy that is generated during use of the thermal surgical tool 10
may be transferred to a cooling fluid which is circulated through the handpiece 40.
More heat may build-up in the primary section 90 because of its proximity to thermal
element 20. Thus, the primary section 90 may be the focus of heat removal. The
cooling fluid may then pass out of the primary section 90 into the secondary section
100 to provide cooling to the secondary section and structures disposed therein as
well. The sections may be separated by a divider 110, which may include an O-ring,
or other structure for controlling coolant flow.

The primary section 90 of the handpiece 40 may include a tip 30 which has a
thermal surgical element 20 and a retaining structure 170, which holds the thermal
element 20. The retaining structure 170 may be desired, at least in part, to help
thermally isolate the thermal element 20 from the remainder of the handpiece 40. The
handpiece 40 may also include a heat sink 120 which may be attached to or formed
integrally with the retaining structure 170 and a primary case or housing 32.

As shown in FIG.9, a conduit 140 forming a flow channel may extend from
the fluid connection site 60 to a position adjacent the heat sink 120. Thus, the fluid

connection site 60 may be positioned in the secondary section 100 and the conduit
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140 may extend into the primary section 90 to carry air or other cooling fluid to the
primary section 90.

Release of a cooling fluid into a void 68 in the primary section 90 which
surrounds the heat sink 120 will draw heat out of the heat sink and cool the handpiece
10 as it passes over the heat sink, absorbs heat and then passes out of the handpiece.
Likewise, the conduit 140 could be configured to hold the cooling fluid throughout its
travel, wherein heat is transferred to the fluid through the conduit 140.

The void 68 may be defined by a handpiece outerwall 44 and the heat sink
120, and/or other structures. The heat sink 120 may be configured to absorb thermal
load from the thermal element 20. As cooling fluid passes into the void 68 from the
conduit 140, heat from the heat sink 120 is transferred to the cooling fluid, such as air,
thereby cooling the heat sink.

Disposed at one end of the primary section 90 may be a retaining structure
170. The void 68 may extend into the retaining structure 170 so that the air or other
cooling fluid passing into the void 68 also dissipates heat from the retaining structure
170.

The secondary section 100 may contain an fluid connection port 60, conduit
140, circuit board 150, secondary case 160 comprising a void 72, along with a rear
exit 50 disposed along or at an end of the void 72 near the distal end of the surgical
tool 10. As will be discussed in additional detail below, the handpiece 40 can be
configured so that heated air or other cooling fluid from the primary section 90 can
pass into the void 72 or other channels of the secondary section 100, pass over
structures contained therein, and be vented out the rear exit or port. Thus, a continual
stream of cooling fluid can dissipate heat from the heat sink 120, the retaining
structure 170 and any electronic components contained in the secondary section 100
of the handpiece 40. If a liquid cooling fluid is used, a return line would typically be
attached to the handpiece 40 and may be attached at the distal end 50.

Turning now to FIGs. 10A through 10D, coolant flow in a thermal surgical
tool 10 is shown by a series of arrows in handpieces 40a-40d. The handpieces may
have rear-exit cooling (handpiece 40a, FIG. 10A), rear and front exit cooling
(handpiece 40b, FIG. 10B), front-exit cooling (handpiece 40c FIG. 10C), or vacuum
cooling where cooling fluid is drawn into the handpiece (handpiece 40d FIG. 10D).
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Each system may have advantages over the other depending on the surgical procedure
being performed and/or the preferences of the surgeon. For example, the handpiece
40b may have an adjustment member 174, such as a valve, to adjust the amount of
coolant flow (gas, liquid, etc.) that passes through the front exits.  Coolant flow may
be adjusted by rotation of the divider 110 (FIG. 9), or by using other flow control
mechanisms. The handpiece 40b can be adjusted to be rear-exit cooling only or front-
exit cooling only depending on the desire of the surgeon at any given moment.

While air is generally discussed as the method for cooling a handpiece for
simplifying the disclosure, it should be recognized that other coolants may be adapted
to this system, such as liquid cooling, e.g. saline solution or other solutions.

Similarly, while “air” is discussed, specific gasses may provide better advantages.

For instance, carbon dioxide gas may be more desirable than air because of its
solubility in liquids and thus reduced risk of air embolisms in an invasive surgical
procedure. Helium gas may be desirable because its characteristics include, being
non-flammable, colorless and clear. Further, with helium, respiratory acidosis may be
avoided. Similarly, nitrogen gas or argon gas may also be used. It may be desirable
to include humidity in the gas stream if directed at a surgical site, as blowing dry gas
may cause tissue to become desiccated.

In FIG. 10A, a top, plan view of a handpiece 40a with a rear vented cooling
system is shown. Air (or other cooling fluid) may be directed into the fluid
connection port or site 60, through conduit 140 and divider 110 and into the primary
section 90. As the air travels through the primary section 90, the air is heated and the
structures in the primary section are cooled.

The coolant may circulate in the void around the heat-sink 120. At the
proximal end of the primary section 90, the coolant may pass over or through a
portion of the retaining structure 170 and then be directed back down along or through
the interior of the heat-sink 120 to the secondary section 100. The heat sink may
include a bore, channel or other structure configured for movement of the coolant out
of the primary section 90.

The coolant may then circulate around or pass over the internal components of
the secondary section 100, such as a circuit board 150, other electronics, etc. and flow

toward the distal end 50 of the handpiece 40a. It will be appreciated that the interior
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of the surgical tool 10 may be formed from multiple components which may be
attached to one another or formed integrally with one another. As the coolant passes
over the components it tends to draw heat out of the components and to carry the heat
out of the surgical handpiece 40a, thereby keeping the handpiece 40a from becoming
uncomfortably hot.

Further refinements may also allow more thermal energy to escape. It has
been noted that a retaining structure 170 having a polyimide cone may aid in the
reduction of residual thermal energy because of its small heat capacity and relatively
high thermal conductivity. This allows heat from the thermal element 20 to pass
quickly to the heat sink 120 without storing that heat in the retaining structure 170
such as a cone. Polyimides that appear useful for such purposes include KAPTON ®
from Dupont Electronic Technologies, US Rt. 23 South & DuPont Road, P.O. Box
89, Circleville, OH USA 43113; and MELDIN ® from Saint-Gobain Performance
Plastics, 7301 Orangewood Avenue, Garden Grove, CA, USA.

Turning now to FIG. 10B, a top view of a handpiece 40b with a front and rear
vented cooling system is shown. The overall structure of handpiece 40b and
handpiece 40a are similar and thus each element is not specifically discussed with
respect to FIG. 10B. However, it will be appreciated that each of the structures
discussed regarding FIG. 10A may be present.

The general direction of the coolant flow for the rear vented portion may
follow a similar a similar path as described FIG. 10A. However, an aperture 180
located in the retaining structure 170 or adjacent thereto may allow an amount of
cooling fluid to exit at or toward the front of the handpiece 40b. The coolant exiting
from the front of the handpiece 40b may be directed toward the surgical element 20 so
that the coolant cools the element. If desired, the coolant could continually be
directed at the surgical element 20, or could be controlled with a valve 174 to allow
air to be blown only when the surgical element is not active to thereby remove
unwanted heat. In the alternative, the valve can be opened so that air is directed to
drive body fluids away from the area in which the surgical element 20 is being used.

The handpiece 40b may include a regulator, control or valve 174 which can be
used to regulate the amount of air which is being directed out of the forward end of

the handpiece 40b. The valve 174 may also be able to completely terminate coolant
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flow through the forward end of the handpiece 40b to thereby direct all of the coolant
out of the rear. Thus, a surgeon may be able to control when and if coolant is
presented to the area being operated on. The flow of coolant through the primary
section 90 may also help cool the retaining structure 170. Furthermore, flow channels
could be formed in the retaining structure 170 to facilitate air movement and heat
dissipation.

Some or all of the coolant may also be directed back down along the heat sink
120 or through the center of the heat-sink to the secondary section 100. The coolant
passing into the secondary section 100 can pick up additional heat and then be vented
out the back. (The coolant may also be vented into a suction hose or other tubing to
prevent release into the operating room if desired).

The coolant flow may be adjustable such that a percentage flows out the front
aperture 180 and distal end 50 in a variety of ways. For example, the handpiece 40b
may be twisted to adjust the forward aperture opening thereby regulating flow.
Alternatively, a slider or other restrictor may be used to adjust the percentage of
coolant flow out the front aperture 180 and distal end 50.

Turning now to FIG. 10C, a top view of a handpiece 40c with a front vented
cooling system is shown. Similar to FIGs. 10A and 10B, air or other cooling fluid is
directed into a fluid connection site 60 through the conduit 140 and the divider 110
and into a primary section 90. The coolant may encircle a heat sink 120 and be
directed forward to the retaining structure 170. However, rather than returning
through or by the heat sink 120, all the coolant may exit through a front aperture 180.
The secondary section 100 may be passively cooled or separately cooled. As with
FIG. 10B, the coolant may be directed at the thermal element 20 and or tissue being
treated therewith, or the coolant may be vented from opening that direct the air away
from the handpiece 40c, such as escaping at an angle relative to the orientation of the
thermal element 20. Likewise, a valve similar to valve 174 could be used to enable a
surgeon to select which direction the venting of the heated cooling fluid would occur.

A front-vented handpiece such as 40c may provide advantages. By venting air
directly over the thermal element 20, the element may be more quickly cooled than by
thermal conduction alone. Furthermore, forward directed coolant may cause liquids to

disperse away from the surgical site and the thermal element 20, improving visibility
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of the interaction of the thermal element 20 with tissue. By reducing the amount of
liquid in the surgical site, the thermal element 20 may have better performance
because it does not have to work in a submerged environment.

Turning now to FIG. 10D, a plan view of a handpiece 40d with a vacuum
based cooling system is shown. The design of the handpiece 40d may be generally
similar to the handpieces 40a-c shown in FIGs. 10A-10C, but the coolant flow may be
reversed. 'Thus, the coolant can be drawn in from a different opening located in the
handpiece 40d, such as an opening at the distal end 50 in a reverse flow pattern from
that shown in FIG. 10B. Alternatively, a vacuum system may be created such that
coolant is drawn in through a front aperture 180 into the handpiece as shown in FIG.
13D.

In the alternative, or in addition, air may be drawn into the aperture 180
through the primary section 90 and over heat sink 120. Depending on the specific
embodiment, the air may pass through conduit 140 and out the distal end 50, or
through the secondary section 100 generally. Fluid connection site or port 60 may be
connected to a vacuum pump, such that suction may be provided to the handpiece
40d.

The vacuum may provide advantages to the surgeon. The vacuum system may
be able to draw in air to aid in cooling of the primary section 90 and the secondary
section 100. Furthermore, the system may also draw in smoke or other aerial
contaminants created by thermally treating tissue that may hinder a surgeon progress.
In the case of smoke, the surgeon may be able to see better as the smoke is removed.

Turning now to FIGs. 11A through 11C, the primary section 90 of surgical
handpiece with a cooling system of the present invention is shown. Visually, the
retaining structure 170 has been removed to show underlying structures of the primary
section 90. However, it should be noted that the coolant -flow diagrams will continue
to consider the primary section 90 with the retaining structure 170 in place. FIG. 11A
is used to show the structures, while FIGs. 11B and 11Cdiscuss coolant flow.

Referring now to FIG. 11A, according to one aspect of the invention, the
thermal element 20 may include conductive stand-offs 190a, 190b disposed adjacent
to or within the heat sink 120. The heat sink 120 may include a first end 210 with fins
220 which may help direct air into the heat sink 120.
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Referring now to FIG. 11B, a close-up, fragmented top view of the primary
section 90 of a surgical handpiece with a rear vented cooling system is shown.
According to one aspect of the invention, coolant may enter the primary section 90
through a port 230. The air may then circulate around the heat sink 120 and move
toward the first end 210 of the heat sink 120. The air is then directed between the
fins 220 and down the center of the heat sink 120 into the secondary section 100 (not
shown).

This cooling method provides several advantages. After the air enters into the
primary section 90, heat may be first transferred from the exterior surface of the heat
sink 120 and the interior of the housing 32 to the air, thereby cooling these two
important structures. The coolant may then pass through the center of the heat sink
120 providing further heat removal from the heat sink 120 and also from the stand-
offs 190a, 190b. By passing over the outer surface of the heat sink 120 and then
through the center of the heat sink 120, the effective cooling time of the primary
section 90 may be reduced significantly because the convective path is near doubled.
The coolant may then pass to the secondary section 100 through a center hole 240
(see FIG. 11A) in the divider 110. The coolant may then cool secondary section 100
components.

Referring now to FIG. 11C, a top, fragmented view of the primary section of a
surgical handpiece with front and rear vented cooling system is shown. The rear
coolant flow is similar to the flow discussed in FIG. 11B. However, coolant, such as
air, carbon dioxide or saline solution, may also be directed out a front aperture
180.Thus, the rear coolant flow may be reduced by an amount that corresponds to the
amount of coolant which is released through the aperture 180. According to one
aspect of the invention, the coolant is directed toward the active element 20, causing
the thermal element 20 to cool more rapidly.

According to other aspects of the invention, the front aperture 180 may be
used to provide specific advantages. For example, the front aperture 180 may be
offset from the center of the retaining structure 170 such that the coolant flow is
concentrated ahead of the active element 20 to better disperse liquid in front of the
active element 20 as it is being used. Also, the handpiece 10 may include a control

mechanism, such as a push button that opens the front aperture 180 when activated
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and closes the aperture 180 when deactivated, thus allowing the surgeon to control
when front coolant flow is released from the aperture 180. Additionally, the front
aperture 180 may open for a period of time after the thermal element 20 is turned off
to cool the thermal element 20 more rapidly when not in use. Another example may
include, the front aperture 180 being closed when the thermal element 20 is on, and
open when the active element 20 is off. This configuration may allow the handpiece
40 to perform various functions during a procedure, such as dispersing liquid and
thermally treating tissue.

A liquid dispersing modality may operate automatically as described above or
manually by the surgeon. The handpiece 40 may include additional a control
mechanism to further regulate the coolant flow through the handpiece 40 such as an
on/off button and/or a flow control member. Operation of the flow control member
may include twisting the handpiece, moving a slider, increase/decrease buttons or a
series of flow setting buttons. These controls may affect the forward coolant flow,
total coolant flow and/or rear coolant flow

Turning now to FIG. 12A, a top perspective view of a thermal surgical tool 10
with cooling system is shown. The thermal surgical 10 may include a handpiece 40
which is configured with a cooling system. In some implementations, the handpiece
may include a primary section 90 and secondary section 100. The primary section 90
may include a retaining structure 170, such as a cone, active element 20, and housing
32 having an exposed outer surface. The secondary section 100 may include a distal
end 50 having a rear exit, a control mechanism 250, such as a push button, for
controlling if or when coolant flow exits a front aperture (not shown), or to change the
relative distribution of airflow/coolant flow through the primary section 90 and
secondary section 100. The secondary section 100 may also include a housing 160
having an exposed outer surface.

Turning now to FIG. 12B, a top, perspective view of the bottom of an open
handpiece 40 with a cooling system is shown. The discussion herein could be applied
to any of FIGs. 8-11C previously discussed. Similar to FIG. 3, a primary section 90
and secondary section 100 may be separated by a divider 110, which may include an
O-ring. The primary section 90 of the handpiece 40 may include a thermal element

20, a heat sink 120, a cone 170 and a housing 32. The secondary section 100 may
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contain a fluid connection site (not shown), a conduit 140, a circuit board 150,
internal components 70, a control mechanism 250, a housing 160 and rear exit port
50.

Coolant flow may be encouraged to flow through the majority of the
handpiece 40. As described above, the coolant may flow back into the secondary
section 100 through a center hole 240 in the divider 110. The coolant flow may then
be split between the top and bottom sides of a circuit board 150 by position the circuit
board 150 to split the center hole 240. Thus both sides of the circuit board 150 may
be cooled by the incoming coolant from the primary section 90.

Turning now to FIGs. 13A and 13B, a close-up front perspective view of the
handpiece 40 with a cooling system is shown. The handpiece 40 may include a
retaining member 170, which may be cone-shaped, a housing 32, a thermal element
20 and control mechanism 250. The control mechanism 250 may control the flow of
cooling fluid, or may be used to activate the thermal element 20, or both.

A front vented cooling system may also include one or more front apertures
180, 182 (FIG. 13B), while a rear vented cooling system may not (FIG. 13A). One or
more of the front apertures 180, 182 may be adjustable to control when and how much
coolant flow will be released therefrom.

Turning now to FIG. 13C, a rear perspective view of the back of a handpiece
40 with rear vented cooling system is shown. The housing 160, the fluid connection
site 60, the control mechanism 250, and a rear exit aperture or vent 51, and adjustable
rear aperture 260 may be seen.

In a rear and front vented handpiece, the airflow may be modified by adjusting
the front aperture 180 and/or the rear aperture or vent 51. Adjusting the front aperture
180 and/or the rear aperture or vent 51 may cause the percentage of coolant flow
through the other to change. For example, adjusting a front aperture 180 smaller may
cause less flow out the front aperture 180 and more flow out the rear aperture or vent
51, when the total flow remains constant. Similarly, adjustment of both the front
aperture 180 and the rear aperture 51 may adjust pressure. For example, if both the
front aperture 180 and rear aperture 51 are adjusted smaller, the coolant pressure may
increase resulting in a stronger flow out of the front aperture 180. This may be

advantageous for the front coolant or airflow to disperse liquids. Adjustment of the
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front aperture 180 and/or the rear aperture 51 (e.g. using a control mechanism) may
also include a change to the direction of airflow. For example, the position of the
front aperture 180 may be adjustable such that the alignment of the front aperture 180
relative to the thermal element 20 may change thereby adjusting the angle at which
coolant is directed from the front aperture 180. Alternatively a separate aperture, such
as 182 in FIG. 13B, may be used.

Turning now to FIGs. 14A-C, a side view of internal components of a
handpiece and coolant flow patterns are shown. As coolant flow may be difficult to
show, three similar views are provided. FIG. 14A shows and labels handpiece
components as they might be used in accordance with some aspects of the present
invention. FIG. 14B shows coolant flow on top of handpiece components. FIG. 14C
shows the coolant flow without the handpiece components. FIGs. 14B and 14C are
not labeled due to their complexity. However, the reference designators from FIG.
14A are applicable to both FIGs. 14B and 14C.

Coolant may enter through the fluid connection site 60, travel through conduit
140 to port 230. The coolant may then enter the void 68 in the primary section 90.
The coolant is free to circle the outside of the heat sink 120 while it travels to the first
end 210 of the heat sink. The cone 170 (not shown in FIGs.14A-14B) directs the
coolant flow in between fins 220 and back down the heat sink 120. Coolant may then
exit the heat sink 120 and primary section 90 into the secondary section 100 through
the heat sink 120 and a center hole 240 (see FIG. 11A). The coolant may travel to
the rear exit 51, while remaining free to surround components in the secondary
section 100, such as control mechanism 250, internal components 70 and housing 160
(see FIG. 12B).

While the entrance and exit points are shown according to one aspect of the
invention, the convenience of the surgeon should be considered. In one embodiment,
a tube may connect to the rear exit 51, such that the coolant may be directed away
from the surgeon and patient through the tube. In another embodiment, the fluid
connection site 60 and rear exit 51 may be placed at the rear of the handpiece such
that both may be served with joined tubing. In another embodiment, the rear exit 51
may be open to vent to the room, i.e. airflow exits directly out of the handpiece 40 and

into the room.
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Turning now to FIG.’s 15A-D, other cooled surgical instruments are shown
that may include a cooling system as described above. While the aspects of the
invention have been discussed principally with respect to a surgical cutting tool, the
aspects can be used with multiple other types of tools. FIG. 15A shows cooled
surgical forceps 340 with one or more fluid connection sites or ports 360 so that each
tine 320 can receive active cooling. Although in some cases, it may be desirable to
only cool one tine. Thus, a heated forceps, including but not limited to forceps having
ferromagnetic tines, may be actively cooled.

FIG. 15B shows a cooled surgical ultrasonic surgical handpiece 440. The
handpiece 440 includes a fluid connection site or port 460 which can be used to cool
the interior components of the handpiece as the ultrasonic element 420 is used, to
thereby keep the handpiece comfortable to use.

FIG. 15C shows a cooled monopolar handpiece 540 with a fluid connection
site or port 560 for cooling fluid to keep the handpiece cool while electricity is
released from the electrosurgical element 520.

FIG. 15D shows a cooled catheter with a fluid connection site port 660 on the
handpiece to cool the catheter during use. Cooling may occur in a manner consistent
with the discussion of the handpieces 40a-40d (FIGs. 10A-10D) discussed above.

Turning now to FIG. 16A, a top, open view of the proximal end of a thermal
surgical tool with a coil cooling is shown. In some cases, it may be desirable to add a
coil 270 around the heat sink 120 to further cool the heat sink 120. This may be done
in conjunction with the cooling system described above or separately for the primary
section 90. Ambient air, other gasses or cooling liquid may be run through the coil
270, such that the flow causes heat to transfer from the heat sink 120 to the coil 270
and then to the air or fluid within the coil. If sufficiently hot, the system may be set
up with a condenser. Otherwise, the air or liquid may be cooled outside the handpiece
40.While the coil has been shown to enter and exit through the housing of the primary
section, it should be recognized that the coil entrance and exit may be instead crafted
to enter and exit elsewhere from the handpieces, such as the rear of the handpiece.

Turning now to FIG. 16B, a side view of a hollow thermal element is shown.
According to one aspect of the invention, a handpiece may include a hollow thermal

element 272. It may also include hollow electrical connections, such as hollow
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conductive stand-offs 273. The hollow thermal element 272 (which could be element
20 in the previous figures) and hollow electrical connections 273 may be fluidly
connected so that fluid may mass through the hollow areas. This would allow the heat
to transfer to the cooling fluid, which may be transported away from the tip for heat
removal.

According to one aspect of the invention, a saline solution may originate from
an external pump fluidly connected to the handpiece. The saline is pumped through
the handpiece into the electrical connections 273 and the thermal element 272, and
back out to the external pump. The heat contained in the liquid may be removed after
the exit from the handpiece, such as by a heat sink.

Turning now to FIG. 17, a top view of an open handpiece with a heat pipe
cooling system is shown. Instead of a hollow heat sink, the primary section may
contain a heat pipe 280 between the thermal element 20 and the secondary section
100, or along other locations of the handpiece. A second end 290 of the heat pipe 280
may actually extend into the secondary section 100 such that active cooling of the
secondary section 100 may cool the second section of the heat pipe. Thus, the
primary section may be cooled with a passive heat pipe that is actively cooled in the
secondary section.

In the example shown, the coolant flow may still cool the primary section via
the heat pipe 280. Coolant may be introduced into the fluid connection site 60 and
flow through conduit 300. The conduit 300 releases the coolant flow at heat pipe exit
310, such that the coolant flow may blow against the heat pipe 280 at its second end
290. The coolant may then flow through the secondary section 100 and over
structures such as the circuit board 150 to the rear exit 51.

While heat pipe cooling has been discussed, it should be recognized that there
are different forms of heat pipes, each with its own advantage. For example, a loop
heat pipe may be used in situations where distances, large heat transfer and/or
gravitational orientation are at issue. A loop heat pipe may present an advantage in an
unfavorable evaporator over condenser position, compared with conventional heat
pipes.

Turning now to FIG. 18, a surgical system 720 with cooled handpiece 40 is

shown. The system may include a handpiece 40 connected or in communication with
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a control unit 730. According to one aspect of the invention, the handpiece 40 is
connected by a cable 740 that includes coolant flow and electrical signals. The
coolant flow may be sourced from a compressor or pump that is internal to the system
720, or an external source, such as a tank 750 connected to the control unit 730, such
as a compressed carbon dioxide tank. The control unit 730 may contain controls for
various functions of the handpiece 40, including a power control 760 and flow control
770.

The control unit 730 may provide the coolant flow and electrical systems
needed by the handpiece. In the case of a ferromagnetic covered conductor, solid
ferromagnetic wire, monopolar, bipolar, ultrasonic, heated blade or other surgical
modalities, the control unit 730 may provide coolant flow, power and/or waveforms
for use by the thermal element 20. The control unit 730 may be adjusted to provide
initial settings, which may be further directed by the handpiece.

According to another aspect of the invention, the control system may monitor
the connection with the handpiece 40. If a problem is detected, the system may alert
the surgeon, such as by an alarm, and/or move toward a safe shutdown of the system.
This monitoring may include coolant flow speed, coolant pressure, moisture,
standing wave ratio, reflected signals, or other information sent back by the handpiece
40. In the case of a tank 750, coolant flow may be more easily adjusted. In the case
of a compressor or pump, air speed or pressure may be more easily measured.

The control system may also monitor the handpiece 40 temperature and adjust
the coolant flow accordingly. Thus, the system 720 may cause a greater volume of
coolant to flow when the handpiece 40 is actively used, and less when the handpiece
is cooling down or in a state of less active use.

Turning now to FIG. 19, a perspective view of a removable tip 30 for a
handpiece 40 with active cooling is shown. The removable tip 30 may be coextensive
with and may include similar structures as the primary section 90 discussed above.
The removable tip 30 may include an impedance matching circuit 810 within the
removable tip and a joint 823 at which the removable tip may disconnect from the
secondary section 100. The impedance matching circuit 810 may be configured to aid
in the efficiency of power transfer from a power source to the thermal element 20.

With the addition of an impedance matching circuit 810 in a removable tip 30, heat
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sink 120 may be routed around the circuit 810. The joint 823 may include a straight
cut 825 to allow coolant to flow through the joint into the tip. Similarly to the
descriptions above, the air may circulate around the tip 30 and back through the heat
sink 120.

Turning now to FIG. 20, a close-up of the joint 823 of a removable tip 430
with active cooling is shown. A case interlock may be used to attach the tip body
430 or primary section 90 to the housing of the secondary section 100, such as a push
in and twist action to lock, or the internal components of the tip body may connect
directly to the internal components of the secondary section 100 via tabs, snaps,
engagement arms, threads or interlocking structures, etc. Electrical power may be
transferred through spring loaded connectors 860 on one side of the joint and
receiving pads 850 on the other side of the joint 823 or by other suitable connectors.
Coolant may be transferred in through a conduit 140 (FIG. 19) into the joint. The
coolant may flow around the joint through a cut out 825, such as a straight cut, into
the removable tip 30. Coolant may return through heat sink 120 back into the
secondary section 100 of the handpiece 40. In some cases as described above, the
coolant may be directed out of the tip 30 as well, for example, toward the thermal
element 20.

Turning now to FIG. 21, there is shown a perspective view of a handpiece 40
with a removable tip 30. The handpiece 40 may include a thermal element 20, a
removable tip 30, a housing 160 and a control mechanism 250.Air or other coolant
may flow in through a tube or conduit 140 into the handpiece 40. The coolant may be
carried by the conduit 140 through the secondary section 100 into the removable tip
430 (essentially a primary section) through joint 823. Coolant may then be directed
up through the tip, cooling the tip housing 3232. The coolant may then be directed
out of the tip onto the active element 20 and/or return through a heat sink 120 which
directs heat away from the active element 20. Rear-traveling air may then travel
through the secondary section 100 cooling any remaining components and exit the
handpiece 40.

Turning now to FIG. 22, there is shown a top view of a removable tip
handpiece 40 wherein the top housing portion of the handpiece is removed. The tip

housing 32 may include a locking structure 880 that interfaces with a receptacle 890
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in the secondary section 100. This may be, for example, an arm that extends and has
a projection 880a which nests in a void or hole 890a in the receptacle. Pressing the
projection 880a may release the engagement and allow the tip 32 to be removed. It
will be appreciated that a wide variety of releasable attachments can be used to
removably secure the tip 30 to the secondary section 100. It will also be appreciated
that such an attachment/detachment system can be used on the previously discussed
handpieces and other tools.

When coolant flow is discussed in later figures, it should be recognized that
flow may be constrained by the tip housing 32. Thus, the tip housing 32 may serve as
a conduit channeling air flow for at least a portion of the removable tip 30.

Turning now to FIG. 23, there is shown a perspective view of a handpiece 40
with a removable tip. The handpiece 40 may include a conduit 140, a main board
950, a control mechanism 250, joint 923 and removable tip 30. The removable tip 30
may include a tip board 910, retaining structure 170, and thermal element 20.

The tip board 910 may include functions to improve power transfer and heat
transfer. The tip board 910 may house an impedance matching circuit 915 to aid in
power transfer from a power source to the thermal element 20. The tip board 910
may also act as a heat sink to pull heat away from the thermal element 20. For
example, the tip board 910 may include a heat conductive substrate, such as copper,
that may act to receive thermal energy from the thermal element 20.

The main board 950 may provide functionality to the handpiece 40. The
functionality may include activation and adjustments, such as through a pushbutton or
slider. The main board 950 may also contain power transfer circuits to aid in power
transfer to the thermal element 20 and/or tip 30.

Turning now to FIG. 24, a perspective view of a handpiece 40 having a
removal tip with a coolant flow diagram is shown. While numbered separately, it will
be appreciated that any of the structures shown herein could be incorporated into
some or all of the previous embodiments. Coolant may enter the handpiece 40
through conduit 140. The conduit 140 may continue through the secondary section
100 and deliver the air to the joint 923. Joint 923 may force the incoming air through
a cut out 925 leading to a first side 935 of the tip board 910. Constrained by the tip
housing 32, coolant may travel down the first side 935 of the tip board 910. Near the
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proximal end 933 of the handpiece 40 the coolant may be allowed through a forward
aperture 180 and/or directed around the proximal end 933 to pass along a second side
945 of the tip board 910. At the joint end 955 of the tip board 910, a joint aperture
960 may allow air from the second side 945 to pass into the secondary section 100.
Coolant may flow through the secondary section 100 over the main board and out of
the handpiece 40.

Turning now to FIG. 25, a coolant flow diagram is shown in connection with a
top, close-up view of a handpiece 40 having a removable tip 930. Coolant may flow
through the joint 923 and into the removable tip -30 through a cut out 925. The
coolant may then flow across an impedance matching circuit 970 and across a first
side 935 of the tip board 910. Coolant may then flow around the tip board active
element end 933 and cool the retaining structure 170 as well. The coolant may
continue along the second side 945 of the tip board 910 and pass through a joint
aperture 960 into the secondary section 100.

Turning now to FIG. 26, there is shown a rear view of a handpiece portion 40
with the housing removed. With the housing removed, the conduit 140, main board
910, control mechanism 250 and joint aperture 960 may be observed.

Turning now to FIG. 27, there is shown a front view of a handpiece 40 having
a removable tip without the tip housing. With the tip housing (not show) removed,
the thermal element 20, retaining structure 170, tip board 910, sealing ring 980, cut
out 925, and joint aperture 960 may be seen. The sealing ring may be disposed on the
tip housing 970 (not show) to ensure consistent airflow through the joint 923 and
reduce or eliminate cooling leakage through the joint. According to one aspect of the
invention, the joint aperture 960 only allows airflow from one side (either the first
side 935 or second side 945) which is opposite the conduit 140 so that the airflow is
on a return path along the tip board 910 into the secondary section 100.

Turning now to FIG. 28, there is shown a close-up of a joint 923 of a
handpiece 40 with a removable tip 930. Spring loaded connectors 944 may be used to
allow power to flow from the secondary section 100 to the removable tip 30. With
spring loaded connectors 944 and corresponding receiving pads 955, the joint may be
configured to allow the surgeon to twist and adjust the removable tip. The cut out 925

and joint aperture 960 may also be seen.
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It will be appreciated that a variety of connectors can be used to connect the
tip 30 to the secondary section 100 and to connect the electrical components. These
may include snap fits, tongue and groove engagements, threads, coaxial connectors,
twist-lock engagements, etc. Additionally, it will be appreciated that any of the
structures discussed with respect to FIGs. 19 through 28 could be incorporated into
any of the other embodiments of the invention discussed herein and vice-versa.

Turning now to FIG. 29, a perspective view of a heated surgical instrument 10
with a fluid cooling system is shown. The heated surgical instrument 10 may be an
electrosurgical instrument with an active thermal element or other surgical element
20, such as a conductor with a ferromagnetic coating. In some medical applications,
such as the ablation or cutting of tissue, the thermal element 20 can be driven to
several hundred degrees Centigrade. However, during other applications, such as
vascular endothelial welding, it may be desirable to operate the thermal element 20 at
much lower temperatures.

An undesired result may occur in electrosurgical applications if the thermal
element 20 exceeds a certain temperature during a specific procedure. Thus, it may
be important to provide a heated surgical instrument with a fluid cooling system to
ensure that the thermal element 20 stays within an optimal temperature range. Heated
surgical instrument 10 may include a tip 30 with a fluid connection site or port 60 for
receiving a cooling fluid. Fluid that is received by the fluid connection site or port 60
may be delivered to thermal element 20, or to structures adjacent to thermal element
20 through a void or conduit located inside tip 30, or by a channel, etc. Examples of
such structures are discussed with respect to previous figures and any of those
structures could be used herein.

Fluid may pass through the void or conduit and exit through one or more
apertures or ports 180 and pass over the thermal element 20. As was mentioned
previously, the cooling fluid may be air or some other gas. 20Passage of cooling fluid
over the thermal element 20 reduces the temperature of the element. In accordance
with one aspect of the invention, however, the cooling fluid may also be used to cool
tissue which has come into contact with the surgical element 20 to thereby minimize

damage to the tissue.
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Turning now to FIG. 30, there is shown a surgical system 110 with a fluid
cooled heated surgical instrument 10. The system may include a handpiece 40
connected to or in communication with a fluid drip line 1130. Fluid drip line 1130
may include a bag 1110 of fluid, such as saline, water, etc., hung from a pole 1140
and tubing 1120. Fluid from bag 1110 flows through tubing 1120 to the hand piece
40. It may enter the secondary section of the handpiece 40 as discussed above, or it
may enter the tip 30 of handpiece 40 similar to FIG. 29.The fluid may be dispensed on
or adjacent thermal element 2060. It will be appreciated that handpiece 40 may
include interchangeable tips 30 with different surgical/thermal elements, to thereby
enable a surgeon to select the desired element 20 for a given procedure.

The flow of fluid to tip 30 may be controlled by adjusting the height at which
bag 1110 is hung relative the height of a surgical field. For example, if a lower rate of
fluid flow to tip 30 is desired, pole 1140 may be adjusted downward so that bag 1110
is at lower position relative to a surgical field thereby reducing the gravity flow of
fluid to tip 30.

Alternatively, a higher rate of fluid flow to tip 30 may be achieved by
increasing the height at which bag 1110 is hung relative to a surgical field. A higher
rate of fluid flow may be desirable, for example, when a larger thermal element 20 is
necessary for a given procedure, such as when a ferromagnetic element having a
diameter of 1mm or larger may be used to retract muscle from a patient’s spine while
achieving hemostasis.

A higher flow rate may also be desirable when a surgeon also wants to irrigate
a surgical field while ensuring that thermal element 20 remains within an appropriate
temperature range. By increasing the flow rate of fluid to tip 30, only a portion of the
fluid may evaporate off of thermal element 20 while the remaining portion is directed
into the surgical field where thermal element 20 is being used.

In accordance with one aspect of the invention, all or a portion of cooling fluid
may be directed to irrigating the surgical field to thereby quench the tissue or other
material at or adjacent the thermal element’s 20 contact point with the tissue or other
material. Contemporaneous quenching of the tissue or other material while the heated
surgical instrument 1010 is being used for a procedure may lead to improved

outcomes and more rapid post-surgery recovery times as the cooling fluid will
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withdraw heat from the tissue and may prevent damage to tissue other than tissue
immediately adjacent the incision, etc.

Turning now to FIG. 31, there is shown another surgical system 1100 with a
fluid cooled heated surgical instrument 10. The surgical system 1100 of FIG. 31 may
also include a handpiece 40 which is connected by a fluid connection site 60 to, or
disposed in communication with, a fluid drip line 1130. The fluid flow rate to tip 30
may be controlled by a pump 1130, such as a peristaltic pump. Use of pump 1130 to
control the rate of fluid flow may be advantageous in that a more precise flow rate
may be achieved.

Turning to FIGs. 32 and 33, there are shown fragmented, perspective views of
tips 30 for a heated surgical instrument made according to principles of the present
invention. As depicted in FIGs. 32 and 33, the tip 30 may include one port or aperture
180 (FIG. 33) or a plurality of ports 180 (FIG. 32). It will be appreciated that the
number of ports 1050 included in the tip 30 may vary depending on the application in
which the tip 30 will be used. For example, fewer ports 180 may be needed when
only cooling of thermal element 20 is desired or when the thermal element is very
small. In contrast, more ports 1050 may be advantageous when both cooling of the
thermal element 20 and irrigation of a surgical field is desired, or when a relatively
large thermal surgical element is being used.

Turning now to FIG. 34, a side view of a hollow thermal element is shown.
According to one aspect of the invention, a handpiece may include a hollow thermal
element 1220 with hollow electrical connections, such as hollow conductive stand-
offs 1273, similar to the thermal element described above with respect to FIG. 16B.
The hollow thermal element 1220 (which could be element 20 in the previous figures)
and hollow electrical connections 1273 may be fluidly connected so that fluid may
mass through the hollow areas. The thermal element may also be directly connected
to a coolant flow line.

The thermal element 1220 may have one or more apertures 1280 that allows at
least a portion of the fluid to be released from the thermal element 1220. Depending
on how the solution is used, the solution can be used to soothe tissue or to blanch or

destroy tissue.
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In one use, the fluid may be directed into a surgical site to cool tissues therein.
For example, a saline solution may originate from an external pump fluidly connected
to the handpiece. The saline may be pumped through the handpiece into the electrical
connections 1273 and the thermal element 1220, and back out to the external pump.
If an adequate amount of saline solution is used, the saline solution may cool the tip
and some saline may be released through the apertures to quench tissue which has
been thermally treated with the thermal element 1220.

According to another aspect of the invention, the thermal element 1220 may
receive sufficient power to heat the thermal element to a high temperature (e.g. about
400 — 500 degrees Centigrade), in the absence of a cooling fluid flowing through the
hollow thermal element. However, when a liquid, such as saline, is used as the
cooling fluid and directed through the hollow thermal element 1220 the temperature
of the hollow thermal element 1220 may be clamped at about 100 degrees Centigrade
due to the liquid changing phases from liquid to gas. Steam may be release through
the one or more apertures 1280 and directed into a surgical site to blanch tissue or
otherwise treat tissue with steam from the handpiece.

According to one aspect of the invention, the hollow thermal element 1220
may comprise a ferromagnetic material, such as Niron. According to another aspect
of the invention, the hollow thermal element may comprise a hollow electric
conductor having a ferromagnetic material 1290 disposed on the outer or inner surface
of the hollow electrical conductor. In such a configuration, electrical energy may pass
through the hollow electrical conductor to cause inductive heating by the
ferromagnetic material. It will be appreciated that the ferromagnetic material may
extend along substantially the full length of the inner or outer surface of the hollow
electrical conductor.

Referring now to FIG. 35, a perspective view of the tip 30 for a heated
surgical instrument with one or more attachment members 1070 for receiving the
tubing 1120 of a fluid drip line is shown. Rather than having the tubing 1120 attach
to a fluid connection site 60 and travel through at least a portion of the handpiece 40
(or other embodiments described above), tubing 1120 may be connected to the tip 30

via one or more attachment members 1070. Attached to tubing 1120 may be a needle
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1080, or some other conduit sufficient for delivering cooling fluid to the
thermal/surgical element 20 or to the surgical site.

Needle 1080 may be located adjacent to the thermal element 20 so that fluid
may be directed on to thermal element 2020, which in turn cools thermal element 20.
Alternatively, needle 1080 may be located so that the tip of needle extends away from
thermal element 20 to allow for irrigation of the surgical field without necessarily
cooling the thermal element 20. It will be appreciated, in accordance with one aspect
of the present invention, that the handpiece 40 can be cooled with a cooling system
similar to that discussed above independent of the cooling fluid applied to the element
20 and/or the wound being irrigated/cooled.

FIG. 36 shows a perspective view of a tip 30 for a heated surgical instrument
with a channel 1090 for delivering fluid. Tubing from a fluid drip line may be
connected to a fluid connection site or port60 so that when in use fluid, such as saline,
water, etc., may flow from intake 60, down channel 1090, and onto thermal element
20 and/or into the surgical field to quench tissue or other materials therein. It will be
appreciated that a handpiece may be used with several different tips 30 which may
include different attachments and cooling fluid spray configurations to adapt the
surgical instrument to the needs of the surgeon.

Turning to FIG. 37, a perspective view of a heated surgical instrument,
generally indicated at 1010, is shown. The instrument 1010 may include a handpiece
40 with a fluid connection site 60 located at a distal end of the instrument. It will be
appreciated that, in accordance with principles of the present invention, the fluid
connection site 60 may be located at various sites on the heated surgical instrument
1010 and may be disposed on the handpiece 40 and/or on the tip 30. Liquid that is
received by the fluid connection site 60 may be delivered to thermal element 20, or
adjacent to the element, through a void or conduit located inside tip 30. Liquid may
pass through the void or conduit and exit through one or more apertures 180 adjacent
the thermal element 20. Liquid that contact the thermal element 20 may cool the
thermal element 20 by evaporating while excess liquid may flow into the surgical site
to quench tissue or other materials exposed to the high temperature of the heated

surgical instrument. Liquid may also circulate inside the handpiece 40 to cool
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structures located therein and exit at a second location, such as a rear exit 51, similar
to some of the airflow diagrams discussed above.

As was mentioned previously, the handpiece 40 may be cooled independently
of the solution being directed at the element 20 or wound, or the same cooling fluid
may be used for both purposes. Thus, the handpiece 40 can be configured in a similar
manner as discussed above, or separate cooling structures may be provided as is
shown in FIG. 38. The handpiece 40 may include a first fluid connection site 60A
and conduit 1064A in the tip 30 which is used to cool the tip (i.e. primary section) and
to direct cooling fluid to the thermal element 20 and wound if desired. The secondary
section of the handpiece 40 may have a second fluid connection site 60B which, with
a conduit 64B, is used to cool the remainder of the handle. This allows a surgeon to
independently regulate cooling in the two portions of the handpiece 40 and to select
the pattern for coolant application to the thermal element 20 and or wound by
changing tips 30, some of which may have no cooling mechanism at all. Thus, for
example, FIG. 38A shows two replacement tips 30A and 30B, one having cooling and
a different thermal element 20A and the other having a different thermal element 20B
and no cooling.

It will be appreciated that the invention includes a number of different aspects
and that embodiments may include one or more of these aspects. For example, in
accordance with the present invention, a thermal surgical instrument include a body
having a body housing, a first conduit disposed in the housing, and a fluid connection
site disposed in fluid communication with the first conduit; a surgical tip comprising a
tip housing and a thermal element extending from the tip housing; and the surgical tip
being in communication with the body housing such that at least a portion of the
surgical tip is in fluid communication with the first conduit; and the first conduit, the
body housing, and the tip housing forming a coolant flow pathway for cooling the
thermal surgical instrument. The thermal surgical instrument may also include: a
surgical tip which is removably engageable with the body; a surgical tip further
which has a second conduit, and wherein the surgical tip engages the body such that
the second conduit is in fluid communication with the first conduit; a body housing
which has a recess having a shape and a tip housing having a shape complimentary to

the shape of the recess, the shape of the recess and the shape of the tip housing
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facilitating alignment and engagement of the surgical tip to the body and/or the body
further having at least one alignment member to facilitate alignment and engagement
of the surgical tip to the body, or combinations thereof.

The thermal surgical instrument may also include: a surgical tip with at least
one aperture in the surgical tip for creating a coolant flow pathway directed toward
the thermal element; a surgical tip having an elongate tube having a distal end and a
proximal end, the distal end of the elongated tube being connected to the tip housing
and the thermal element being attached at the proximal end of the elongate tube; and/
or
the elongate tube having two concentric tubes having a void therethrough, or
combinations thereof.

The thermal surgical instrument may also include; two concentric tubes which
are comprised of an electrically conductive material; insulating material disposed
between the two concentric tubes; an outer tube which is disposed around the two
concentric tubes such that there is a space between the outer tube and the two
concentric tubes; a space between the outer tube and the two concentric tubes and the
void through the two concentric tubes form part of the airflow pathway; a spline
disposed between the outer tube and the two concentric tubes; and/or the surgical tip
housing being formed integrally with the body housing, or combinations thereof.

A thermal surgical instrument in accordance with one aspect of the invention
may include a primary section having a housing defining a void, a secondary section
connected to the primary section, the secondary section comprising a housing defining
a void, a fluid connection site disposed on at least one of the primary section and the
secondary section; and a thermal element attached to the primary section, the void in
the housing of the primary section and the void in the housing of the secondary
section forming a coolant flow pathway in the thermal surgical instrument and
the fluid connection site being in fluid communication with the coolant flow pathway.
The thermal surgical instrument may also include: a primary section which is a
removably connectable surgical tip; a coolant flow pathway which has at least one

conduit connected to the fluid connection site; a hollow thermal element;
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at least one aperture disposed on a hollow thermal element; a primary section which
has a heat sink; and/or a tube is attachable to the surgical instrument and the
instrument being connectable to a suction source, or combinations thereof.

A method of cooling a thermal surgical instrument may include: selecting a
thermal surgical instrument comprising a thermal element, a housing having a coolant
flow pathway, and a fluid connection site; connecting the fluid connection site to a
device to provide a cooling fluid to the thermal surgical instrument; and directing
cooling fluid through the coolant flow pathway to remove heat from the thermal
surgical instrument. The method may also include directing cooling fluid into the
thermal surgical instrument through the fluid connection site; using a suction device
connected to the fluid connection and drawing cooling fluid into the coolant flow
pathway and exiting the cooling fluid through the fluid connection site; disposing at
least one aperture on the thermal surgical tool and releasing least a portion of the
cooling fluid from the thermal surgical tool through the aperture; directing cooling
fluid released from the at least one aperture toward the thermal element; using a liquid
cooling fluid releasing liquid cooling fluid from the at least one aperture directed into
a surgical site to quench tissue which has been contacted by the thermal element;
directing cooling fluid through a hollow thermal element in fluid communication with
the airflow; and/or releasing at least a portion of the cooling fluid from at least one
aperture in hollow thermal element and directing the cooling fluid toward tissue being
treated, or combinations thereof.

A method of cooling a surgical handpiece may include, for example: causing a
coolant to flow through an inside first portion of a tip, reversing the direction of the
coolant flow adjacent the first portion of the tip and causing coolant flow tip, and
causing the coolant to flow through an inside second portion of the tip. The method
may also include: directing coolant flow from the tip to a secondary section; directing
a portion of the coolant flow at the end of the tip through the tip onto an active
element; and/or directing a portion of the coolant flow at the end of the tip through the
tip onto a surgical site, or combinations thereof.

A tip for a heated surgical instrument may include, for example: a first
structure for receiving the tubing of a coolant line and a second structure for directing

fluid toward a thermal element of the heated surgical instrument. The tip may also
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include the first structure being configured for receiving the tubing of a coolant line is
an intake and the second structure for directing fluid to a thermal element of the
heated surgical instrument is at least one aperture disposed in the heated surgical
instrument adjacent the thermal element; and/or the at least one aperture having a
plurality of apertures, or combinations thereof.

A system for cooling a heated surgical instrument may include, for example: a
fluid drip line comprising a bag of fluid and tubing, a heated surgical instrument
having a first structure for receiving the tubing of the fluid drip line and a second
structure for directing fluid to a thermal element of the heated surgical instrument, and
the rate of fluid flow to the thermal element of the heated surgical instrument being
controlled. The system may also include: the first structure for receiving the tubing of
a fluid drip line being an intake and the second structure for directing fluid to a
thermal element of the heated surgical instrument is a port; the port having a plurality
of ports; the intake being disposed on the tip of the heated surgical instrument; and/or
the heated surgical instrument being designed for use in a surgical field and the bag of
fluid is hung at a height relative to the surgical field, and the fluid flow rate to the
thermal element being controlled by adjusting the height of the bag of fluid relative to
the surgical field, or combinations thereof.

There is thus disclosed an improved fluid cooled heated surgical instrument
which may deliver a fluid adjacent a thermal element of the heated surgical
instrument to cool the thermal element and/or irrigate a surgical field. It will be
appreciated that numerous changes may be made to the present invention without

departing from the scope of the claims.
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CLAIMS
What is claimed is:
1. A thermal surgical instrument comprising:

a body comprising a body housing, a first conduit disposed in the housing, and
a fluid connection site disposed in fluid communication with the first conduit;

a surgical tip comprising a tip housing and a thermal element extending from
the tip housing;

wherein the surgical tip is in communication with the body housing such that
at least a portion of the surgical tip is in fluid communication with the first conduit;
and

wherein the first conduit, the body housing, and the tip housing form an
coolant flow pathway for cooling the thermal surgical instrument.
2. The thermal surgical instrument according to claim1, wherein the surgical tip
is removably engageable with the body.
3. The thermal surgical instrument according to claim 1, wherein the surgical tip
further comprises a second conduit, and wherein the surgical tip engages the body
such that the second conduit is in fluid communication with the first conduit.
4. The thermal surgical instrument according to claim 2, wherein the body
housing further comprises a recess having a shape and wherein the tip housing has a
shape complimentary to the shape of the recess, wherein the shape of the recess and
the shape of the tip housing facilitate alignment and engagement of the surgical tip to
the body.
5. The thermal surgical instrument according to claim 2, wherein the body
further comprises at least one alignment member to facilitate alignment and
engagement of the surgical tip to the body.
6. The thermal surgical instrument according to claim 1, wherein the surgical tip
further comprises at least one aperture in the surgical tip for creating a coolant flow
pathway directed toward the thermal element.
7. The thermal surgical instrument according to claim 1, wherein the surgical tip
further comprises an elongate tube having a distal end and a proximal end, wherein
the distal end of the elongated tube is connected to the tip housing and wherein the

thermal element is attached at the proximal end of the elongate tube.
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8. The thermal surgical instrument according to claim 7, wherein the elongate
tube comprises two concentric tubes having a void therethrough.
0. The thermal surgical instrument according to claim 8, wherein the two
concentric tubes are comprised of an electrically conductive material.
10. The thermal surgical instrument according to claim 7, wherein the elongate
tube further comprises an insulating material disposed between the two concentric
tubes.
11. The thermal surgical instrument according to claim 7, wherein the elongate
tube further comprises an outer tube, wherein the outer tube is disposed around the
two concentric tubes such that there is a space between the outer tube and the two
concentric tubes.
12. The thermal surgical instrument according to claim 11, wherein the space
between the outer tube and the two concentric tubes and the void through the two
concentric tubes form part of the airflow pathway.
13. The thermal surgical instrument according to claim 11, further comprising a
spline disposed between the outer tube and the two concentric tubes.
14. The thermal surgical instrument of claim 1, wherein the surgical tip housing is
formed integrally with the body housing.
15. A thermal surgical instrument comprising:

a primary section having a housing defining a void;

a secondary section connected to the primary section, the secondary section
comprising a housing defining a void;

a fluid connection site disposed on at least one of the primary section and the
secondary section; and

a thermal element attached to the primary section;

wherein the void in the housing of the primary section and the void in the
housing of the secondary section form a coolant flow pathway in the thermal surgical
instrument;

and wherein the fluid connection site is in fluid communication with the
coolant flow pathway.
16. The thermal surgical instrument according to claim 15, wherein the primary

section is a removably connectable surgical tip.
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17. The thermal surgical instrument according to claim 15, wherein the coolant
flow pathway further comprises at least one conduit connected to the fluid connection
site.
18. The thermal surgical instrument according to claim 15, wherein the thermal
element is hollow.
19. The thermal surgical instrument according to claim 18, wherein the hollow
thermal element further comprises at least one aperture disposed thereon.
20. The thermal surgical instrument according to claim 15, wherein the primary
section further comprises a heat sink.
21. The thermal surgical instrument according to claim 15, further comprising a
tube, wherein the tube is attachable to the surgical instrument, and wherein the
instrument is connectable to a suction source.
22. A method of cooling a thermal surgical instrument comprising the steps of:
selecting a thermal surgical instrument comprising a thermal element, a
housing having a coolant flow pathway, and a fluid connection site;
connecting the fluid connection site to a device to provide a cooling fluid to
the thermal surgical instrument; and
directing cooling fluid through the coolant flow pathway to remove heat from
the thermal surgical instrument.
21. The method according to claim 20, wherein cooling fluid is directed into the
thermal surgical instrument through the fluid connection site.
22. The method according to claim 21, wherein device connected to the fluid
connection site is a suction device, and wherein cooling fluid drawn into the coolant
flow pathway and exits through the fluid connection site.
23. The method according to claim 21, further comprising disposing at least one
aperture on the thermal surgical tool, wherein the at least one aperture is in fluid
communication with the coolant flow pathway so that at least a portion of the cooling
fluid is released from the thermal surgical tool through the aperture.
24. The method according to claim 21, wherein cooling fluid released from the at
least one aperture is directed toward the thermal element.
25. The method according to claim 23, wherein the cooling fluid is liquid, and

wherein at least a portion of the liquid released from the at least one aperture is
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directed into a surgical site to quench tissue which has been contacted by the thermal
element.
26. The method according to claim 21, wherein the thermal element is hollow, and
wherein the hollow thermal element is in fluid communication with the airflow
pathway so as to direct cooling fluid through the hollow element.
217. The method according to claim 21, wherein the hollow thermal element
further comprises at least one aperture so that at least a portion of the cooling fluid is
released from the at least one aperture in hollow thermal element and directed toward
a tissue being treated.
28. A method of cooling a surgical handpiece comprising:

causing a coolant to flow through an inside first portion of a tip;

reversing the direction of the coolant flow adjacent the first portion of the tip
and causing coolant flow tip: and

causing the coolant to flow through an inside second portion of the tip.
20. The method of claim 28, further comprising the step of directing coolant flow
from the tip to a secondary section.
30. The method of claim 28, further comprising the step of directing a portion of
the coolant flow at the end of the tip through the tip onto an active element.
31. The method of claim 28, further comprising the step of directing a portion of
the coolant flow at the end of the tip through the tip onto a surgical site.
32. A tip for a heated surgical instrument comprising a first structure for receiving the
tubing of a coolant line and a second structure for directing fluid toward a thermal
element of the heated surgical instrument.
33. The tip of claim 32, wherein the first structure for receiving the tubing of a
coolant line is an intake and the second structure for directing fluid to a thermal
element of the heated surgical instrument is at least one aperture disposed in the
heated surgical instrument adjacent the thermal element.
34. The tip of claim 33, wherein the at least one aperture comprises a plurality of
apertures.
35. A system for cooling a heated surgical instrument comprising:

a fluid drip line comprising a bag of fluid and tubing;
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a heated surgical instrument having a first structure for receiving the tubing of
the fluid drip line and a second structure for directing fluid to a thermal element of the
heated surgical instrument; and

wherein the rate of fluid flow to the thermal element of the heated surgical
instrument can be controlled.

36. The system for cooling a heated surgical instrument of claim 35, wherein the first
structure for receiving the tubing of a fluid drip line is an intake and the second
structure for directing fluid to a thermal element of the heated surgical instrument is a
port.

37. The system for cooling a heated surgical instrument of claim 36, wherein the port
comprises a plurality of ports.

38. The system for cooling a heated surgical instrument of claim 37, wherein the
intake is disposed on the tip of the heated surgical instrument.

39. The system for cooling a heated surgical instrument of claim 35, wherein the
heated surgical instrument is designed for use in a surgical field and the bag of fluid is
hung at a height relative to the surgical field, and wherein the fluid flow rate to the
thermal element is controlled by adjusting the height of the bag of fluid relative to the

surgical field.
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