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(57) Abstract: A surgical instrument (1000) includes an end effector assembly (200) including first and second grasping components
(210, 220) each defining a tissue-contacting portion (214, 218, 224, 228). One or both of the first or second grasping components
(210, 220 ) is movable relative to the other between an open position and a closed position. In the closed position, the first and second
tissue-contacting portions (214, 218, 224, 228) cooperate to define a grasping area therebetween. One or both of the first or second

00 grasping components (210, 220) is configured to apply energy from the tissue- contacting portion (2 14, 218, 224, 228) thereof to tissue
disposed within the grasping area to treat tissue. The tissue-contacting portion (214, 224) of the first grasping component (210) defines

© a first opening (2 19) therethrough. The first opening (2 19) is disposed within the grasping area and in communication with a first lumen
( 118) defined at least partially through the first grasping component (210). The first lumen ( 118) is adapted to connect to a source of
vacuum (300) to enable aspiration through the first opening (219).
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Field of the Invention

The present disclosure relates to surgical instruments and systems and, more particularly, to

energy-based surgical instruments and systems configured to minimize thermal spread.

Background of the Invention

Energy-based surgical instruments utilize energy to affect hemostasis by heating tissue to treat

tissue. Energy-based surgical instalments, more specifically, may be configured to utilize both

mechanical clamping action and energy, e.g., radiofrequency (RF) energy, ultrasonic energy,

light energy, microwave energy, thermal energy, etc., to affect hemostasis by heating tissue to

treat, e.g., coagulate, cauterize, and/or seal, tissue.

Summary of the Invention

As used herein, the term "distal" refers to the portion that is being described which is further

from a user, while the term "proximal" refers to the portion that is being described which is

closer to a user. Further, to the extent consistent, any of the aspects described herein may be

used in conjunction with any or all of the other aspects described herein.

Provided in accordance with aspects of the present disclosure is a surgical instrument including

an end effector including first and second grasping components each defining a

tissue-contacting portion. One or both of the first or second grasping components is movable

relative to the other between an open position and a closed position. In the closed position, the

first and second tissue-contacting portions cooperate to define a grasping area therebetween.

One or both of the first or second grasping components is configured to apply energy from the

tissue-contacting portion thereof to tissue disposed within the grasping area to treat tissue.

The tissue-contacting portion of the first grasping component defines a first opening

therethrough. The first opening is disposed within the grasping area and in communication

with a first lumen defined at least partially through the first grasping component. The first

lumen is adapted to connect to a source of vacuum to enable aspiration through the first



opening.

In an aspect of the present disclosure, the tissue-contacting portion of the second grasping

component defines a second opening therethrough. The second opening is disposed within the

grasping area and in communication with a second lumen defined at least partially through the

second grasping component. The second lumen is adapted to connect to a source of vacuum

to enable aspiration through the second opening.

n another aspect of the present disclosure, the tissue-contacting portion of the first grasping

component is configured to conduct radiofrequency (RF) energy through tissue disposed within

the grasping area and to the tissue-contacting portion of the second grasping component.

In another aspect of the present disclosure, the tissue-contacting portion of the first grasping

component is configured to supply ultrasonic energy to tissue disposed within the grasping area.

In such aspects, the second grasping component may include a structural body having a jaw

liner engaged therewith. The jaw liner defines the tissue-contacting portion of the second

grasping component.

In still another aspect of the present disclosure, the tissue-contacting portion of the first

grasping component defines a plurality of first openings therethrough. The plurality of first

openings are spaced longitudinally along a length of the tissue-contacting portion of the first

grasping component.

In yet another aspect of the present disclosure, the surgical instrument further includes a

housing and at least one shaft extending distaily from the housing and supporting the end

effector assembly at a distal end portion thereof. In such aspects, the first lumen

communicates with a shaft lumen extending through the at least one shaft and the shaft lumen is

adapted to connect to a source of vacuum to enable aspiration through the first opening.

In still yet another aspect of the present disclosure, the surgical instrument further includes first

and second shafts pivotablv coupled to one another and supporting the end effector assembly at

distal end portions thereof. In such aspects, the first lumen communicates with a first shaft

lumen extending through the first shaft. The first shaft lumen is adapted to connect to a source

of vacuum to enable aspiration through the first opening.

A radiofrequency (RF) surgical instalment provided in accordance with aspects of the present

disclosure includes an end effector assembly including first and second jaw members each



defining a tissue-contacting portion. One or both of the first or second jaw members is

movable relative to the other between an open position and a closed position. In the closed

position, the first and second tissue-contacting portions cooperate to define a grasping area

therebetween. The first and second jaw members are adapted to connect to a source of RF

energy to conduct RF energy between the tissue-contacting portions and through tissue grasped

within the grasping area to treat tissue. The tissue-contacting portion of the first jaw member

defines a first opening therethrough disposed within the grasping area and in communication

with a first lumen defined at least partially through the first jaw member. The first lumen is

adapted to connect to a source of vacuum to enable aspiration through the first opening.

In an aspect of the present disclosure, the tissue-contacting portion of the second jaw member

defines a second opening therethrough. The second opening is disposed within the grasping

area and in communication with a second lumen defined at least partially through the second

jaw member. The second lumen is adapted to connect to a source of vacuum to enable

aspiration through the second opening.

In another aspect of the present disclosure, the tissue-contacting portion of the first jaw member

defines a first tissue contacting surface, a second tissue-contacting surface, and a wall disposed

between the first and second tissue-contacting surfaces. The first opening is defined through

the wail in such aspects. The first and second tissue-contacting surfaces, in such aspects, may

be offset relative to one another via a step.

In yet another aspect of the present disclosure, the RF surgical instrument further includes first

and second shafts pivotabiy coupled to one another and supporting the first and second jaw

members, respectively, at respective distal end portions thereof. In such aspects, the first

lumen communicates with a first shaft lumen extending through the first shaft. The first shaft

lumen is adapted to connect to a source of vacuum to enable aspiration through the first

opening.

In still another aspect of the present disclosure, one of the first or second shafts supports a

housing thereon at a proximal end portion thereof. The housing includes an activation button

that is selectively activatable to supply RF energy to the first and second jaw members.

An ultrasonic surgical instrument provided in accordance with aspects of the present disclosure

includes an ultrasonic waveguide defining an ultrasonic blade at a distal end portion thereof.



The ultrasonic waveguide is configured to transmit ultrasonic energy therealong to the

ultrasonic blade. The ultrasonic surgical instrument further includes a jaw member pivotable

relative to the ultrasonic blade between an open position and a closed position. The jaw

member includes a structural body and a jaw liner retained by the structural body. The jaw

liner defines a tissue-contacting surface, wherein, in the closed position, the tissue-contacting

surface of the jaw liner and an opposed surface of the ultrasonic blade cooperate to define a

grasping area therebetween. The ultrasonic blade and/or the jaw liner defines an opening

therethrough. The opening is disposed within the grasping area and in communication with a

lumen defined at least partially through the ultrasonic blade and/or the jaw liner. The lumen is

adapted to connect to a source of vacuum to enable aspiration through the opening.

In an aspect of the present disclosure, the ultrasonic waveguide defines the lumen extending

therethrough and into the ultrasonic blade. In such aspects, the ultrasonic blade defines the

opening therethrough in communication with the lumen.

In another aspect of the present disclosure, the jaw liner defines the lumen such that the lumen

has an open proximal end portion and a closed distal end portion. In such aspects, the jaw

liner defines the opening therethrough in communication with the lumen.

In yet another aspect of the present disclosure, the ultrasonic surgical instrument further

includes a housing and an elongated assembly extending distally from the housing and

supporting the end effector assembly at a distal end portion thereof. In such aspects, the

lumen communicates with a shaft lumen extending through the elongated assembly. The shaft

lumen is adapted to connect to a source of vacuum to enable aspiration through the opening.

In still another aspect of the present disclosure, the ultrasonic surgical instrument further

includes a transducer and generator assembly disposed on or in the housing and a battery

assembly disposed on or in the housing. The battery assembly is configured to power the

transducer and generator assembly to, in turn, produce ultrasonic energy for transmission along

the ultrasonic waveguide.

In still yet another aspect of the present disclosure, a vacuum system is disposed on or within

the housing. The vacuum system is configured to enable aspiration through the first opening.

Brief Description of the Drawings



Various aspects and features of the present disclosure are described herein with reference to the

drawings wherein:

FIG. 1 is a side, perspective view of a radiofrequency (RF) surgical system including a surgical

forceps and an electrosurgical generator in accordance with the present disclosure;

FIG. 2 is a longitudinal, cross-sectional view of one of the shaft members of the surgical forceps

of FIG. 1;

FIG. 3A is a transverse, cross-sectional view of jaw members of the surgical forceps of FIG. 1,

disposed in a closed position;

FIG. 3B is a transverse, cross-sectional view of the jaw members of the surgical forceps of FIG.

1, disposed in a cutting position;

FIG 4 is a side, perspective view of an ultrasonic surgical instrument including an onboard

generator and battery in accordance with the present disciosure;

FIG. 5 is an enlarged, perspective view of a distal end portion of the ultrasonic surgical

instrument of FIG. 4;

FIG. 6 is a perspective, longitudinal, cross-sectional view of the distal end portion of the

ultrasonic surgical instrument of FIG. 4;

FIG. 7A is a side view of a jaw member of the ultrasonic surgical instrument of FIG. 4;

FIG. 7B is a bottom view of the jaw member of FIG. 7A;

FIG. 7C is a proximal end view of the jaw member of FIG. 7A, and

FIG. 8 is a longitudinal, cross-sectional view of a waveguide of the ultrasonic surgical

instrument of F IG. 4 .

Detailed Description of the Embodiments

The present disclosure relates to energy -based surgical instruments configured to reduce or

eliminate thermal spread. An exemplary radiofrequency (RF) surgical forceps 100 (FIG. 1)

and an exemplary ultrasonic surgical instalment 1000 (FIG. 4) are detailed herein exemplifying

the aspects and features of the present disclosure, however, the present disclosure is equally

applicable for use with any suitable energy-based surgical instrument. Further, although RF

surgical forceps 100 (FIG. 1) is shown as a hemostat-style instrument and ultrasonic surgical

instrument 1000 (FIG 4) is shown as a shaft-based instrument, this configuration may be



reversed, e.g., wherein the RF instrument is of a shaft-based style and the ultrasonic surgical

instrument is of a hemostat-style. Obviously, different electrical and mechanical

considerations apply to each particular type and/or style of instrument; however, the aspects and

features of the present disclosure remain generally consistent regardless of the particular

energy-based surgical instrument used.

Referring to FIG. 1, RF surgical forceps 100 provided in accordance with the present disclosure

includes first and second shaft members 110, 120 each having a proximal end portion 112a,

122a and a distal end portion 112b, 122b, respectively. An end effector assembly 200 of

forceps 100 includes first and second jaw members 210, 220 extending from distal end portions

112b, 122b of shaft members 110, 120, respectively. Forceps 100 further includes a pivot 130

pivotably coupling first and second shaft members 110, 120 with one another, and a housing

150 engaged with the proximal end portion of one of the shaft members, e.g., proximal end

portion 112a of shaft member 110. A cable 152 extends from housing 150 to couple forceps

100 to an electrosurgical generator (not shown) to enable the supply of RF energy to forceps

100, while tubes 119, 129 extend from proximal end portions 112a, 122a, respectively, of shaft

members 110, 120, respectively, to couple forceps 100 to a vacuum source 300, as detailed

below. In embodiments, the electrosurgical generator and vacuum source 300 may be

provided as a single unit. In embodiments, the electrosurgical generator and/or vacuum source

300 may be remote from forceps 100 or may be mounted thereon or therein.

Shaft members 0, 120 are formed at least partially from an electrically-conductive material

such that electrosurgical energy may be transmitted therealong to and from jaw members 210,

220, respectively. Alternatively, shaft members 110, 120 may house conductors (not shown)

configured to transmit electrosurgical energy to and from jaw members 210, 220. Proximal

end portions 112a, 122a of shaft members 110, 120, respectively, include handles 114, 124

defining finger holes 115, 125 configured to facilitate grasping and manipulating shaft members

10, 120.

Distal end portions 112b, 122b of shaft members 110, 120 form uprights 116, 126 defining

apertures configured to receive pivot 130 therethrough for pivotably coupling distal end

portions 112b, 122b of shaft members 110, 120 with one another. As a result of this

configuration, handles 114, 124 are movable relative to one another in directions substantially



perpendicular to a pivot axis of pivot 130 to move shaft members 110, 120 between a

spaced-apart position and an approximated position to thereby pivot jaw members 210, 220

about pivot 130 and relative to one another between an open position (FIG. 1) and a closed

position (FIG. 3A). Handles 114, 124 are further movable relative to one another in directions

substantially parallel to the pivot axis of pivot pin 130 to move shaft members 110, 120 from

the approximated position to a yawed position to thereby move jaw members 210, 220 from the

closed position (FIG. 3A) to a cutting position (FIG. 3B).

Referring still to FIG. 1, housing 150 is mounted, e.g., releasably mounted, on proximal end

portion 2a of shaft member 110 and includes cable 152 extending proximaily from therefrom

and a switch assembly 154 having an activation button 155 extending from housing 150

towards shaft member 120. Cable 152 includes a plug 158 disposed at the free proximal end

portion thereof to enable connection of forceps 100 to a source of energy (not shown), e.g., an

electrosurgical generator. A plurality of electrical lead wires (not shown) extend through cable

152 and into housing 150, communicating with switch assembly 154 and first and second

electrical contacts (not shown) disposed within housing 52. The first electrical contact is

disposed in electrical communication with shaft member 110 to establish electrical

communication between one or more of the plurality of electrical lead wires and first jaw

member 210, while the second electrical contact is positioned such that, in the approximated

position of shaft members 110, 120, respectively, an electrical connection pin 123 of shaft

member 120 contacts the second electrical contact to establish electrical communication

between one or more of the plurality of electrical lead wires and second jaw member 220.

However, other suitable electrical connection arrangements are also contemplated.

Switch assembly 154 is positioned such that, upon movement of shaft members 0, 120 to the

approximated position, handle 124 of shaft member 120 is sufficiently urged into contact with

activation button 155 to actuate activation button 155. One of more of the plurality of

electrical lead wires, as noted above, is coupled to switch assembly 54, thus enabling initiation

of the supply of RF energy to jaw members 210, 220 of end effector assembly 200 upon

actuation of activation button 155 of switch assembly 154, e.g., for treating tissue grasped

between jaw members 210, 220.

Referring also to FIG 2-3B, each shaft member 110, 120 defines a lumen 118, 128 extending



longitudinally therethrough from proximal end portion 112a, 122a, through distal end portion

112b, 122b, respectively, thereof, and into the respective jaw member 210, 220 thereof.

Although only shaft member 120 and lumen 128 thereof are illustrated in FIG. 2, it is

understood that shaft member 110 defines a similar configuration. Lumens 118, 128

communicate with respective tubes 1 , 129 at the proximal end portions 2a, 122a of shaft

members 110, 120, respectively, such that lumens 118, 128 are disposed in operable

communicate with vacuum source 300. As such, and as described in greater detail below,

when vacuum source 300 is activated, a vacuum is applied through tubes 119, 129 and, thus,

through lumens 118, 128.

End effector assembly 200, as mentioned above, includes first and second jaw members 210,

220 pivotable relative to one another between the open position (FIG 1) and the closed position

(FIG. 3A). Jaw members 210, 220 are further movable, as also noted above, to a cutting

position (FIG 3B).

Each jaw member 210, 220 includes a body 212, 222 defining a first tissue-contacting surface

portion 214, 224, a step 216, 226 extending from the respective body 212, 222 towards the

other jaw members 210, 220, and a second tissue-contact surface portion 2 8, 228, respectively

offset relative to the respective first tissue-contacting surface portion 214, 224 via the respective

step 216, 226. Steps 216, 226 of jaw members 210, 220 include walls 2 , 227, respectively,

interconnecting respective first and second tissue-contacting surface portions 114, 24 and 214,

224, of respective jaw members 210, 220 with one another. Wails 217, 227 extend in

generally perpendicular orientation relative to each of the first and second tissue-contacting

surface portions 4, 24 and 214, 224, respectively, of the corresponding jaw member 210,

220.

Steps 216, 226 are laterally offset relative to one another such that, in an aligned orientation of

jaw members 210, 220, second tissue-contact surface portion 2 8 of jaw member 210 opposes a

portion of first tissue-contacting surface portion 224 of jaw member 220 and such that second

tissue-contact surface portion 228 of jaw member 220 opposes a portion of first

tissue-contacting surface portion 214 of jaw member 210. Further, first tissue-contacting

surface portions 214, 224 define greater widths as compared to second tissue-contacting surface

portions 2 18, 228 such that the portions of first tissue-contacting surface portions 214, 224



extending between steps 2 6, 226 also oppose one another.

Walls 217, 227 of steps 216, 226 define openings 219, 229 therethrough in communication with

lumens 118, 128. With openings 219, 229 defined through walls 217, 227, tissue-contacting

surface portions 214, 218 and 224, 228, respectively, are uninteraipted. Each opening 219,

229 may be defined as a slot extending along the length of the respective step 216, 226, or may

define a plurality of apertures spaced-apart along the length of the respective step 216, 226.

Other configurations are also contemplated. With opening 219, 229 disposed in

communication with respect lumens 118, 128, upon activation of vacuum source 300 (FIG. I),

negative pressure is created within lumens 8, 128 so as to provide aspiration through

openings 219, 229 and lumens 118, 128. Vacuum source 300 may include a collection

reservoir 3 10, or a separate collection reservoir (not shown) may be provided, to collect any

fluids and tissue debris aspirated from the surgical site via openings 219, 229.

Continuing with reference to FIGS. 1-3B, in use, with shaft members 110, 120 disposed i the

spaced-apart position (FIG. 1), jaw members 210, 220 are disposed in the open position of

wherein jaw members 210, 220 are spaced-apart from one another and disposed in an aligned

orientation relative to one another. In this position, forceps 100 may be manipulated such that

tissue to be grasped, treated, and/or divided is disposed between jaw members 210, 220.

Once tissue to be grasped, treated, and/or divided is disposed between jaw members 210, 220,

shaft members 110, 120 may be moved relative to one another in directions substantially

perpendicular to the pivot axis of pivot 130 from the spaced-apart position to the approximated

position to pivot jaw members 210, 220 about pivot 130 and relative to one another from the

open position (FIG. 1) to the closed position (FIG. 3A). In the closed position of jaw members

210, 220, jaw members 210, 220 are approximated relative to one another but maintained in the

aligned orientation. More specifically, second tissue-contact surface portion 218 of jaw

member 210 is approximated relative to the opposing portion of first tissue-contacting surface

portion 224 of jaw member 220 and second tissue-contact surface portion 228 of jaw member

220 is approximated relative to the opposing portion of first tissue-contacting surface portion

2 4 of j aw memb er 210.

Movement of jaw members 210, 220 between the open and closed positions (FIGS. 1 and 3A,

respectively) may be effectuated in order to grasp and/or manipulate tissue. With tissue



grasped between jaw members 210, 220 in the closed position thereof, RF energy may be

conducted between j a members 210, 220 to treat tissue grasped therebetween, e.g., upon

actuation of activation button 155 (FIG. 1). More specifically, RF energy is conducted

between second tissue-contact surface portion 218 of jaw member 210 and the opposing portion

of first tissue-contacting surface portion 224 of jaw member 220 to treat, e.g., seal, tissue

therebetween, and between second tissue-contact surface portion 228 of jaw member 220 and

the opposing portion of first tissue-contacting surface portion 214 of jaw member 210 to treat,

e.g., seal, tissue therebetween. RF energy may also be conducted transversely across the

portions of first tissue-contacting surface portions 214, 224 extending between steps 216, 226 to

treat, e.g., seal, tissue disposed therebetween.

As energy is conducted between jaw members 210, 220 to treat tissue, tissue grasped between

jaw members 210, 220 is heated and, as a by-product thereof, high pressure and temperature

steam may be produced. The high pressure and temperature steam may escape the area

between jaw members 210, 220 and potentially thermally damage surrounding tissue. This is

known as thermal spread.

In order to minimize or eliminate thermal spread, during the conduction of energy between jaw

members 210, 220 (and, in embodiments, for a period after de-activation), vacuum source 300

may be activated to apply vacuum through tubes 119, 129, lumens 8, 128, and thus, at

openings 219, 229. As a result, the high pressure and temperature steam, as well as other

heated fluids and/or tissue debris, are aspirated through openings 219, 229, lumens 118, 128,

and into collection reservoir 310, rather than spreading outwardly. Vacuum source 300 may be

activated automatically upon activation of switch assembly 54, or manually.

Once tissue has been treated, shaft members 110, 120 may be moved relative to one another in

directions substantially parallel to the pivot axis of pivot 130 from the approximated position to

the yawed position to move jaw members 210, 220 relative to one another from the closed

position (FIG. 3A) to the cutting position (FIG. 3B). In this manner, a shearing action between

steps 216, 226 is effected to cut tissue disposed therebetween. As an alternative to the

above-detailed cutting arrangement, one or both of jaw members 210, 220 may define a knife

channel (not shown) configured to enable reciprocation of a knife (not shown) therethrough.

In such embodiments, openings 219, 229 may be defined through the walls defining the knife



channel.

Referring to FIG. 4, ultrasonic surgical instrument 000 generally includes a handle assembly

00, an elongated assembly 1200 extending distally from handle assembly 1100, an ultrasonic

transducer and generator assembly ("TAG') 300 configured for releasable engagement with

handle assembly 00, a battery assembly 1400 configured for releasable receipt within handle

assembly 100, and a vacuum system 1500 operably disposed within or mounted on handle

assembly 1100. Thus, ultrasonic surgical instrument 1000 is configured as a cordless,

hand-held device. However, the present disclosure is equally applicable for use with corded

ultrasonic surgical instruments configured to connect to a remote generator and/or vacuum

source.

Handle assembly 1100 includes a housing 1110 defining a body portion 1112 configured to

enable releasable mounting of TAG 1300 thereon and a fixed handle portion 14 depending

from body portion 1112 Fixed handle portion 1114 defines a batter}' compartment 1 1 16

including a door 1118 configured to enable releasable receipt and enclosure of battery assembly

1400 within fixed handle portion 1114. Handle assembly 1100 further includes an activation

button 120 operably positioned to electrically couple between TAG 1300 and battery assembly

1400 when TAG 1300 is mounted on body portion 2 of housing 1110 and battery assembly

1400 is enclosed within compartment 1116 of fixed handle portion 4 of housing 1110 to

enable selective energization of ultrasonic surgical instrument 1000, as detailed below.

A clamp trigger 1130 extends from housing 1110 of handle assembly 00 adjacent fixed

handle portion 1114 of housing 0. Clamp trigger 30 includes a drive portion (not shown)

extending into body portion 1112 of housing 1110 and operably coupled to a drive assembly

(not shown) to enable actuation of ultrasonic surgical instrument 1000 in response to actuation

of clamp trigger 30 relative to fixed handle portion 1114 of housing 11 0, as detailed below.

With additional reference to FIGS. 5 and 6, elongated assembly 1200 of ultrasonic surgical

instrument 000 includes a waveguide 1210 which extends from housing 1110 to an end

effector 1220 disposed at the distal end portion of elongated assembly 200. Elongated

assembly 1200 further includes an outer shaft 230 and an inner shaft 1240.

Waveguide 1210 includes a body portion 1212 that extends through housing 1110 and shafts

1230, 1240 and a distal end portion that extends distally from shafts 1230, 1240 and defines



blade 1222 of end effector 1220. Waveguide 1210 further defines a lumen 1223 extending

longitudinally therethrough, as detailed below. A proximal end portion of lumen 1223 is

disposed in communication, e.g., via one or more tubes, seals, and/or other connectors (not

shown), with vacuum system 1500. Thus, with lumen 1223 disposed in communication with

vacuum system 1500, upon activation of vacuum system 1500, negative pressure is created

within lumen 1223. Vacuum system 1500 may include a collection reservoir 1510, or a

separate collection reservoir (not shown) may be provided, to collect any fluids and tissue

debris aspirated from the surgical site through lumen 1223, as detailed below. The proximal

end portion of body portion 1212 of waveguide 1210 includes features, e.g., threading,

configured to enable operable engagement thereof with TAG 1300, e.g., with a female threaded

receiver of the transducer of TAG 1300.

Outer shaft 230 and inner shaft 1240 may cooperate to define a longitudinally-extending

annular channel therebetween or may include a longitudinally-extending tube 1235 disposed in

the annular space defined therebetween (as shown). A proximal end portion of tube 1235 is

disposed in communication, e.g., directly or via one or more tubes, seals, and/or other

connectors (not shown), with vacuum system 1500. Thus, with tube 1235 disposed in

communication with vacuum system 1500, upon activation of vacuum system 1500, negative

pressure is created within tube 1235.

Outer shaft 1230 is slidablv disposed about inner shaft 1240 and waveguide 1210 and extends

between housing 1 10 and end effector 1220. Inner shaft 1240 is longitudinally fixed relative

to housing 1110 and end effector 1220. A rotating assembly 1250 is rotatably mounted on

housing 1110 and operably coupled to elongated assembly 1200 so as to enable rotation of

elongated assembly 1200 and, thus, end effector 1220 relative to housing 1110 upon rotation of

rotation wheel 1252 of rotating assembly 1250 relative to housing 1110.

End effector 220, as noted above, is disposed at a distal end portion of elongated assembly

1200 and includes blade 1222 of waveguide 1210 and a jaw member 1224. Jaw member 1224

is pivotable supported at a distal end portion of inner shaft 1240 and is pivotable relative to

blade 1222 between an open position, wherein jaw member 1224 is spaced-apart from blade

1222, and a closed position, wherein jaw member 1224 is approximated relative to blade 1222

i juxtaposed alignment therewith for clamping tissue therebetween.



Referring to FIGS. 7A-7C, in conjunction with FIGS. 5-6, jaw member 1224 includes a

structural body 1225 and a jaw liner 1226 secured to structural body 1225. Structural body

1225 may be formed from a rigid material and includes a proximal flange portion 1225a and an

elongated distal portion 1225b extending distally from proximal flange portion 1225a.

Proximal flange portion 1225a includes pivot bosses 1225c to enable pivotable coupling of jaw

member 1224 with inner shaft 1240. Proximal flange portion 1225a further includes feet

1225d that enable operable coupling of jaw member 1224 with the distal end portion of outer

shaft 1230 such that sliding of outer shaft 230 about inner shaft 240 pivots jaw member 224

relative to blade 1222 between the open position and the closed position. Outer shaft 1230, in

turn, is operably coupled to clamp trigger 130 by way of the drive assembly (not shown) such

that, in response to actuation of clamp bigger 1130 relative to fixed handle portion 1114 of

housing 1110 of handle assembly 1100, jaw member 1224 is pivoted relative to blade 1222

between the open position a d the closed position.

Elongated distal portion 1225b of structural body 1225 retains jaw liner 1226. Jaw liner 1226

may be formed from a compliant material and is positioned to oppose blade 1222 such that

blade 1222 is inhibited from contacting structural body 225 of jaw member 1224. As a result,

the transfer of ultrasonic vibrations and/or thermal energy from blade 1222 to structural body

1225 during use is reduced.

Jaw liner 1226 defines a tissue-contacting surface 1226a and may include a plurality of gripping

teeth 1226b disposed along the length of tissue-contacting surface 1226a. Jaw liner 1226

further defines a lumen 1226c extending longitudinally therethrough having a closed distal end.

Lumen 1226c defines an open proximal end 1226d disposed in communication with tube 1235,

e.g., directly or via one or more tubes, seals, and/or other connectors (not shown). A plurality

of openings 1226e defined through tissue-contacting surface 1226a along the length thereof in

spaced-apart relation relative to one another are disposed in communication with lumen 1226c.

With openings 1226e disposed in communication with lumen 1226c which, in turn, is disposed

in communication with tube 1235, upon activation of vacuum system 500 (FIG. 4), negative

pressure is created within tube 1235 and lumen 1226c so as to provide aspiration through

openings 1226e, lumen 1226c, and tube 1235.

Referring to FIG. 8, in conjunction with FIGS. 5-6, blade 1222 is configured to serve as an



active or oscillating ultrasonic member that is selectively activatable to ultrasonically treat

tissue grasped between blade 22 and jaw liner 1226 of jaw member 1224. Blade 1222 may

be formed to define a straight configuration or, alternatively, a curved configuration. Lumen

1223 of waveguide 1210 extends at least partially through blade 1222 and defines a closed

distal end portion. A plurality of openings 1228 are defined through the tissue-contacting

surface of blade 1222 oriented towards jaw member 1224. Openings 1228 are disposed along

the length of blade 1222 in spaced-apart relation relative to one another and are disposed in

communication with lumen 1223. With openings 1228 disposed in communication with

lumen 1223, upon activation of vacuum system 1500 (FIG. 4), negative pressure is created

within lumen 1223 so as to provide aspiration through openings 1228 and lumen 1223

Referring again to FIG. 4, TAG 1300 is configured to convert electrical energy provided by

battery assembly 1400 into mechanical energy that is transmitted along waveguide 1210 to

blade 1222. More specifically, TAG 1300 is configured to convert the electrical energy

provided by battery assembly 1400 into a high voltage alternating cuirent (AC) waveform that

drives the transducer (not shown) of TAG 1300. Activation button 1 20 of handle assembly

1100, as noted above, is electrically coupled between battery assembly 1400 a d TAG 1300.

Activation button 20 is selectively activatable in a first position and a second position to

supply electrical energy from battery assembly 1400 to TAG 1300 for operating ultrasonic

surgical instrument 1000 in a low-power mode of operation and a high-power mode of

operation, respectively.

Referring generally to FIGS. 4-8, in use, with jaw member 1 24 disposed in the open position

relative to blade 1222, ultrasonic surgical instrument 1000 may be manipulated such that tissue

to be treated, e.g., coagulated and/or dissected, is disposed between blade 1222 and jaw

member 1224.

Once tissue to be grasped, treated, and/or divided is disposed between blade 1222 and jaw

member 1224, clamp trigger 1130 may be actuated towards fixed handle portion 1114 of

housing 1110 to pivot jaw member 1224 from the open position towards the closed position to

grasp and/or manipulate tissue. With tissue grasped between blade 1222 and jaw member

1224 in the closed position of jaw member 1224, activation button 1120 may be activated to

supply electrical energy from batter}' assembly 1400 to TAG 1300 such that TAG 1300 converts



the electrical energy into ultrasonic energy that is transmitted along waveguide 1210 to blade

1222. The ultrasonic energy transmitted to blade 1222 ultrasonically vibrates blade 1222 to

generate heat, thereby treating tissue grasped between blade 1222 and jaw member 1224.

However, similarly as detailed above with respect to forceps 100 (FIG. 1), as a by-product of

tissue treatment, high pressure and temperature steam may be produced and may escape,

creating thermal spread.

In order to minimize or eliminate thermal spread, during the transmission of ultrasonic energy

to blade 1222 (and, in embodiments, for a period after de-activation), vacuum system 1500 may

be activated to apply vacuum through tube 1235 and lumen 1223 and, thus, at openings 1226e

and 1228, respectively. As a result, the high pressure and temperature steam, as well as other

heated fluids and/or tissue debris, are aspirated through openings 1226e and 1228, tube 1235

and lumen 1223, respectively, and into collection reservoir 15 0, rather than spreading

outwardly. Vacuum system 1500 may be activated automatically upon activation of activation

button 1120, or manually.

Once tissue has been treated, jaw member 1224 may be returned to the open position to release

the treated tissue.

From the foregoing and with reference to the various figure drawings, those skilled in the art

will appreciate that certain modifications can also be made to the present disclosure without

departing from the scope of the same. While several embodiments of the disclosure have been

shown in the drawings, it is not intended that the disclosure be limited thereto, as it is intended

that the disclosure be as broad in scope as the art will allow and that the specification be read

likewise. Therefore, the above description should not be construed as limiting, but merely as

exemplifications of particular embodiments. Those skilled in the art will envision other

modifications within the scope and spirit of the claims appended hereto.



1. A surgical instrument, comprising:

an end effector assembly including first and second grasping components each defining a

tissue-contacting portion, at least o e of the first or second grasping components movable relative

to the other between an open position and a closed position, wherein, in the closed position, the

first and second tissue-contacting portions cooperate to define a grasping area therebetween, at

least one of the first or second grasping components configured to apply energy from the

tissue-contacti ng portion thereof to tissue disposed within the grasping area to treat tissue,

wherein the tissue-contacting portion of the first grasping component defines a first opening

therethrough, the first opening disposed within the grasping area and in communication with a

first lumen defined at least partially through the first grasping component, the first lumen adapted

to connect to a source of vacuum to enable aspiration through the first opening.

2 . The surgical instrument according to claim 1, wherein the tissue-contacting portion of the

second grasping component defines a second opening therethrough, the second opening disposed

within the grasping area and in communication with a second lumen defined at least partially

through the second grasping component, the second lumen adapted to connect to a source of

vacuum to enable aspiration through the second opening.

3 . The surgical instrument according to claim 1, wherein the tissue-contacting portion of the

first grasping component is configured to conduct radiofrequency (RF) energy through tissue

disposed within the grasping area and to the tissue-contacting portion of the second grasping

component.

4 . The surgical instrument according to claim 1, wherein the tissue-contacting portion of the

first grasping component is configured to supply ultrasonic energy to tissue disposed within the

grasping area.

5 . The surgical instalment according to claim 4, wherein the second grasping component

includes a structural body having a jaw liner engaged therewith, the jaw liner defining the



tissue-contacting portion of the second grasping component.

6 . The surgical instrument according to claim 1, wherein the tissue-contacting portion of the

first grasping component defines a plurality of first openings therethrough, the plurality of first

openings spaced longitudinally along a length of the tissue-contacting portion of the first grasping

component.

7 . The surgical instrument according to claim 1, further comprising:

a housing; and

at least one shaft extending distal ly from the housing, the at least one shaft supporting the

end effector assembly at a distal end portion thereof,

wherein the first lumen communicates with a shaft lumen extending through the at least one

shaft, the shaft lumen adapted to connect to a source of vacuum to enable aspiration through the

first opening.

8 . The surgical instrument according to claim , further comprising:

first and second shafts pivotably coupled to one another, the first and second shafts

supporting the end effector assembly at distal end portions thereof,

wherein the first lumen communicates with a first shaft lumen extending through the first

shaft, the first shaft lumen adapted to connect to a source of vacuum to enable aspiration through

the first opening.

9 . A radiofrequency (RF) surgical instrument, comprising:

an end effector assembly including first and second jaw members each defining a

tissue-contacting portion, at least one of the first or second jaw members movable relative to the

other between an open position and a closed position, wherein, in the closed position, the first and

second tissue-contacting portions cooperate to define a grasping area therebetween, the first and

second jaw members adapted to connect to a source of RF energy to conduct RF energy between

the tissue-contacting portions and through tissue grasped within the grasping area to treat tissue,

wherein the tissue-contacting portion of the first jaw member defines a first opening



therethrough, the first opening disposed within the grasping area and in communication with a

first lumen defined at least partially through the first jaw member, the first lumen adapted to

connect to a source of vacuum to enable aspiration through the first opening.

10. The RF surgical instrument according to claim 9, wherein the tissue-contacting portion of

the second jaw member defines a second opening therethrough, the second opening disposed

within the grasping area and in communication with a second lumen defined at least partially

through the second jaw member, the second lumen adapted to connect to a source of vacuum to

enable aspiration through the second opening.

11. The RF surgical instrument according to claim 9, wherein the tissue-contacting portion of

the first jaw member defines a first tissue contacting surface, a second tissue-contacting surface,

and a wall disposed between the first a d second tissue-contacting surfaces, wherein the first

opening is defined through the wall.

12. The RF surgical instrument according to claim 11, wherein the first and second

tissue-contacting surfaces are offset relative to one another via a step.

13. The RF surgical instrument according to claim 9, further comprising:

first and second shafts pivotabiy coupled to one another, the first and second shafts

supporting the first and second jaw members, respectively, at respective distal end portions

thereof,

wherein the first lumen communicates with a first shaft lumen extending through the first

shaft, the first shaft lumen adapted to connect to a source of vacuum to enable aspiration through

the first opening.

14. The RF surgical instrument according to claim 13, wherein one of the first or second shafts

supports a housing thereon at a proximal end portion thereof, the housing including an activation

button, the activation button selectively activatable to supply RF energy to the first and second

jaw members.



15. An ultrasonic surgical instrument, comprising:

an ultrasonic waveguide defining an ultrasonic blade at a distal end portion thereof, the

ultrasonic waveguide configured to transmit ultrasonic energy therealong to the ultrasonic blade;

a jaw member pivotable relative to the ultrasonic blade between an open position and a

closed position, the jaw member including a structural body and a jaw liner retained by the

structural body, the jaw liner defining a tissue-contacting surface, wherein, in the closed position,

the tissue-contacting surface of the jaw liner and an opposed surface of the ultrasonic blade

cooperate to define a grasping area therebetween,

wherein at least one of the ultrasonic blade or the jaw liner defines an opening therethrough,

the opening disposed within the grasping area and in communication with a lumen defined at

least partially through the at least one of the ultrasonic blade or the jaw liner, the lumen adapted

to connect to a source of vacuum to enable aspiration through the ope ing

16. The ultrasonic surgical instalment according to claim 15, wherein the ultrasonic waveguide

defines the lumen extending therethrough and into the ultrasonic blade, and wherein the

ultrasonic blade defines the opening therethrough in communication with the lumen.

17. The ultrasonic surgical instrument according to claim 15, wherein the jaw liner defines the

lumen such that the lumen has an open proximal end portion and a closed distal end portion, the

jaw liner defining the opening therethrough in communication with the lumen.

18. The ultrasonic surgical instrument according to claim 15, further comprising:

a housing; and

an elongated assembly extending distally from the housing, the elongated assembly

supporting the end effector assembly at a distal end portion thereof,

wherein the lumen communicates with a shaft lumen extending through the elongated

assembly, the shaft lumen adapted to connect to a source of vacuum to enable aspiration through

the opening.



19. The ultrasonic surgical instalment according to claim 18, further comprising:

a transducer and generator assembly disposed on or in the housing; and

a battery assembly disposed on or in the housing, wherein the battery assembly is configured

to power the transducer and generator assembly to, in turn, produce ultrasonic energy for

transmission along the ultrasonic waveguide.

20. The ultrasonic surgical instrument according to claim 18, further comprising a vacuum

system disposed on or within the housing, the vacuum system configured to enable aspiration

through the opening.
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