US 20150150584A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0150584 A1

VAN TOL et al,

(43) Pub. Date: Jun, 4, 2015

(54)

(71)

(72)

1)

(22)

(60)

SURGICAL INSTRUMENT WITH
END-EFFECTOR ASSEMBLY INCLUDING
THREE JAW MEMBERS AND METHODS OF
CUTTING TISSUE USING SAME

Applicant: COVIDIEN LP, MANSFIELD, MA
US)

Inventors: DAVID J. VAN TOL, BOULDER, CO
(US); ANTHONY B. ROSS,
BOULDER, CO (US); ALEXANDER
M. WASKIEWICZ, LAFAYETTE, CO
(US); ERIC R. LARSON, BOULDER,
CO (US)

Appl. No.: 14/548,560

Filed: Nov. 20, 2014

Related U.S. Application Data

Provisional application No. 61/910,634, filed on Dec.
2,2013.

Publication Classification

(51) Int.CL
AGIB 17/32 (2006.01)
AGIB 18/14 (2006.01)

(52) US.CL

CPC ... A61B 17/320068 (2013.01); AG1B 18/1445
(2013.01); A61B 2018/0063 (2013.01)

(57) ABSTRACT

A method of cutting tissue includes providing a surgical
instrument including an end-effector assembly including first
and second jaw members controllably movable from a first
position in spaced relation relative to a third jaw member
disposed therebetween to at least one second position closer
to the third jaw member wherein the first, second and third
Jjaw members cooperate to grasp tissue therebetween. Each of
the first and second jaw members includes an electrically-
conductive sealing plate. A cutting member is disposed on a
portion of the upper surface of the third jaw member. The
method also includes positioning the first, second and third
jaw members about tissue, applying energy to the electri-
cally-conductive sealing plates so that energy passes between
the electrically-conductive sealing plates and through tissue
to effect a tissue seal, and activating the cutting member to cut
through tissue overlying the upper surface of the third jaw
member.




Patent Application Publication Jun. 4,2015 Sheet 1 of 12 US 2015/0150584 A1

IIAII

A
751 v

3

NN

o

— o

— ™~
- O
N\

(Ml =

Lé]8

Oj‘_

~

12
'/ ))

FIG. 1

e8]

P~
—



Patent Application Publication Jun. 4,2015 Sheet 2 of 12 US 2015/0150584 A1

FIG. 2




Patent Application Publication Jun. 4,2015 Sheet 3 of 12 US 2015/0150584 A1

FIG. 5 ee



Patent Application Publication Jun. 4,2015 Sheet 4 of 12 US 2015/0150584 A1




Patent Application Publication Jun. 4,2015 Sheet 5 of 12 US 2015/0150584 A1




Patent Application Publication Jun. 4,2015 Sheet 6 of 12 US 2015/0150584 A1

122




Patent Application Publication Jun. 4,2015 Sheet 7 of 12 US 2015/0150584 A1

1291\‘
1396
{ ZaY; 110
AR

1330
FIG. 12
1291_\ 1332
wh el ZL e i
7\ Ty
S\ \ \ Y
193 1333 g 1331 >-|3



Patent Application Publication Jun. 4,2015 Sheet 8 of 12 US 2015/0150584 A1

>\ 13

1356




Patent Application Publication Jun. 4,2015 Sheet 9 of 12 US 2015/0150584 A1

124 114
110

120\ 122 112 /
o N

1332 4q39 1331

IITII

FIG. 16

T 1330

FIG. 17



Patent Application Publication Jun. 4,2015 Sheet100f12  US 2015/0150584 A1

1291
N 1334 "Tr
1332

120 \ 112
120 110
L \‘ /
"TC"—\\ \/ ////___IITCII
1
/
1331
FIG. 18
1291 1334 1356
124 T8 1 114
120 112
AT
120\ \ 110
! /
ALY
]| e
N rd
NV
\ N1\ |/ J
123—" 113
o 1330



Patent Application Publication Jun. 4,2015 Sheet110f12  US 2015/0150584 A1

2010

PROVIDE A SURGICAL INSTRUMENT FOR SEALING
TISSUE, INCLUDING: AN ELONGATED SHAFT HAVING AN END-
EFFECTOR ASSEMBLY AT A DISTAL END THEREOQF; THE END-

EFFECTOR ASSEMBLY INCLUDING FIRST AND SECOND JAW
MEMBERS MOVABLE FROM A FIRST POSITION IN SPACED
RELATION RELATIVE TO A THIRD JAW MEMBER DISPOSED
THEREBETWEEN TO AT LEAST ONE SECOND POSITION WHEREIN
THE FIRST, SECOND AND THIRD JAW MEMBERS COOPERATE TO
GRASP TISSUE THEREBETWEEN; EACH OF THE FIRST AND
SECOND JAW MEMBERS INCLUDING AN ELECTRICALLY-
CONDUCTIVE SEALING PLATE GONNECTABLE TO AN ENERGY
SOURCE AND CONFIGURED TO APPLY ENERGY THROUGH
TISSUE HELD THEREBETWEEN; AND A CUTTING MEMBER
DISPOSED ON AT LEAST A PORTION OF THE UPPER SURFACE OF

THE THIRD JAW MEMBER
| 2020
POSITION THE FIRST, SECOND AND THIRD JAW MEMBERS ABOUT
TISSUE
2030

APPLY ENERGY TO THE ELECTRICALLY-CONDUGTIVE SEALING
PLATES SO THAT ENERGY PASSES BETWEEN THE
ELECTRICALLY-GONDUCTIVE SEALING PLATES AND THROUGH
TISSUE TO EFFECT A TISSUE SEAL

2040

ACTIVATE THE CUTTING MEMBER TO CUT THROUGH TISSUE
OVERLYING THE UPPER SURFACE OF THE THIRD JAW MEMBER

FIG. 20
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2110

PROVIDE A SURGICAL INSTRUMENT FOR SEALING
TISSUE, INCLUDING: AN ELONGATED SHAFT HAVING AN END-
EFFECTOR ASSEMBLY AT A DISTAL END THEREQF; THE END-

EFFECTOR ASSEMBLY INCLUDING FIRST AND SECOND JAW
MEMBERS MOVABLE FROM A FIRST POSITION IN SPAGED
RELATION RELATIVE TO A THIRD JAW MEMBER DISPOSED

THEREBETWEEN TO AT LEAST ONE SECOND POSITION WHEREIN
THE FIRST, SECOND AND THIRD JAW MEMBERS COOPERATE TO
GRASP TISSUE THEREBETWEEN; EACH OF THE FIRST AND
SECOND JAW MEMBERS INCLUDING AN ELECTRICALLY-
CONDUCTIVE SEALING PLATE GONNEGTABLE AN ENERGY SOURCE
AND GONFIGURED TQ APPLY ENERGY THROUGH TISSUE HELD
THEREBETWEEN, THE THIRD JAW MEMBER INCLUDING A BLADE
GHANNEL DEFINED THEREINCONFIGURED FOR SLIDEABLY
RECEIVING A BLADE INCLUDING A CUTTING EDGE AT A DISTAL
END THEREOQF; AND THE BLADE SELECTIVELY MOVABLE FROM
A FIRST CONFIGURATION WHEREIN THE GUTTING EDGE IS
RECESSED WITHIN THE SHAFT TO A SECOND CONFIGURATION
WHEREIN A PORTION OF THE BLADE IS DISPOSED WITHIN THE

BLADE CHANNEL
! 2120
POSITION THE FIRST, SECOND AND THIRD JAW MEMBERS ABOUT
TISSUE
| 2130

APPLY ENERGY TO THE ELECTRICALLY-CONDUCTIVE
SEALING PLATES SO THAT ENERGY PASSES BETWEEN THE
ELECTRICALLY-CONDUCTIVE SEALING PLATES
AND THROUGH TISSUE TO EFFECT A TISSUE SEAL

| 2140

MOVE THE BLADE IN AT LEAST ONE DIRECTION SUCH THAT THE
PORTION OF THE BLADE RIDES WITHIN THE BLADE CHANNEL AND
EXTENDS THE CUTTING EDGE INTO AND THROUGH TISSUE
OVERLYING THE UPPER SURFACE OF THE THIRD JAW MEMBER

FIG. 21
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SURGICAL INSTRUMENT WITH
END-EFFECTOR ASSEMBLY INCLUDING
THREE JAW MEMBERS AND METHODS OF
CUTTING TISSUE USING SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of and
priority to U.S. Provisional Application Ser. No. 61/910,634,
filed on Dec. 2, 2013, the entire contents of which are incor-
porated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to surgical instru-

ments, such as electrosurgical and ultrasonic devices, and
methods for cutting tissue. More particularly, the present
disclosure relates to surgical instruments that include an end-
effector assembly including first and second jaw members
capable of applying a combination of mechanical clamping
pressure and energy to effectively seal tissue and a third jaw
member disposed between the first and second jaw members
configured to selectively sever tissue between the sealed tis-
sue areas.

[0004] 2. Discussion of Related Art

[0005] Electrosurgical and ultrasonic devices have become
widely used by surgeons. Electrosurgery involves the appli-
cation of thermal and/or electrical energy to cut, dissect,
ablate, coagulate, cauterize, seal or otherwise treat biological
tissue during a surgical procedure. Electrosurgery is typically
performed using an electrosurgical generator operable to out-
put energy and a handpiece including a surgical instrument
(e.g., end effector) adapted to transmit energy to a tissue site
during electrosurgical procedures. Electrosurgery can be per-
formed using either a monopolar or a bipolar instrument.
[0006] The basic purpose of both monopolar and bipolar
electrosurgery is to produce heat to achieve the desired tissue/
clinical effect. In monopolar electrosurgery, devices use an
instrument with a single, active electrode to deliver energy
from an electrosurgical generator to tissue, and a patient
return electrode or pad that is attached externally to the
patient (e.g., a plate positioned on the patient’s thigh or back)
as the means to complete the electrical circuit between the
electrosurgical generator and the patient. When the electro-
surgical energy is applied, the energy travels from the active
electrode, to the surgical site, through the patient and to the
return electrode.

[0007] In bipolar electrosurgery, both the active electrode
and return electrode functions are performed at the site of
surgery. Bipolar electrosurgical devices include two elec-
trodes that are located in proximity to one another for the
application of current between their surfaces. Bipolar elec-
trosurgical current travels from one electrode, through the
intervening tissue to the other electrode to complete the elec-
trical circuit. Bipolar instruments generally include end-ef-
fectors, such as grippers, cutters, forceps, dissectors and the
like.

[0008] Forceps utilize mechanical action to constrict,
grasp, dissect and/or clamp tissue. By utilizing an electrosur-
gical forceps, a surgeon can utilize both mechanical clamping
action and electrosurgical energy to effect hemostasis by
heating the tissue and blood vessels to cauterize, coagulate/
desiccate, seal and/or divide tissue. Bipolar electrosurgical
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forceps utilize two generally opposing electrodes that are
operably associated with the inner opposing surfaces of the
end effectors and that are both electrically coupled to an
electrosurgical generator. In bipolar forceps, the end-effector
assembly generally includes opposing jaw assemblies pivot-
ably mounted with respect to one another. In a bipolar con-
figuration, only the tissue grasped between the jaw assem-
blies is included in the electrical circuit. Because the return
function is performed by one jaw assembly of the forceps, no
patient return electrode is needed.

[0009] By utilizing an electrosurgical forceps, a surgeon
can cauterize, coagulate/desiccate and/or seal tissue and/or
simply reduce or slow bleeding by controlling the intensity,
frequency and duration of the electrosurgical energy applied
through the jaw assemblies to the tissue. During the sealing
process, mechanical factors such as the pressure applied
between opposing jaw assemblies and the gap distance
between the electrically-conductive tissue-contacting sur-
faces (electrodes) of the jaw assemblies play a role in deter-
mining the resulting thickness of the sealed tissue and effec-
tiveness of the seal.

[0010] A variety of types of end-effector assemblies have
been employed for various types of surgery, e.g., electrosur-
gery using a variety of types of monopolar and bipolar elec-
trosurgical instruments.

SUMMARY

[0011] A continuing need exists for a reliable surgical
instrument that assists in gripping, manipulating and holding
tissue prior to and during activation and dividing of the tissue.
A need exists for surgical instruments with an end-effector
assembly suitable for use with a variety of energy sources.
[0012] According to an aspect of the present disclosure, a
method of cutting tissue is provided. The method includes the
initial step of providing a surgical instrument for sealing
tissue. The surgical instrument includes an end-effector
assembly having first and second jaw members controllably
movable from a first position in spaced relation relative to a
third jaw member disposed therebetween to at least one sec-
ond position closer to the third jaw member wherein the first,
second and third jaw members cooperate to grasp tissue ther-
ebetween. Each of the first and second jaw members includes
an electrically-conductive sealing plate connectable to an
energy source and configured to apply energy through tissue
held therebetween. A cutting member is disposed on a portion
ofthe upper surface of the third jaw member. The method also
includes the steps of positioning the first, second and third jaw
members about tissue, applying energy to the electrically-
conductive sealing plates so that energy passes between the
electrically-conductive sealing plates and through tissue to
effect a tissue seal, and activating the cutting member to cut
through tissue overlying the upper surface of the third jaw
member.

[0013] According to another aspect of the present disclo-
sure, a method of cutting tissue is provided and includes the
initial step of providing a surgical instrument for sealing
tissue. The surgical instrument includes an elongated shaft
having an end-effector assembly at a distal end thereof. The
end-effector assembly includes first and second jaw members
controllably movable from a first position in spaced relation
relative to a third jaw member disposed therebetween to at
least one second position closer to the third jaw member
wherein the first, second and third jaw members cooperate to
grasp tissue therebetween. Each of the first and second jaw
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members includes an electrically-conductive sealing plate
connectable to an energy source and configured to apply
energy through tissue held therebetween. The third jaw mem-
ber includes a blade channel defined therein configured to
slideably receive a blade including a cutting edge at a distal
end thereof. The blade is selectively movable from a first
configuration wherein the cutting edge is recessed within the
elongated shaft to a second configuration wherein a portion of
the blade is disposed within the blade channel. The method
also includes the steps of positioning the first, second and
third jaw members about tissue, applying energy to the elec-
trically-conductive sealing plates so that energy passes
between the -electrically-conductive sealing plates and
through tissue to effect a tissue seal, and moving the blade in
at least one direction such that the portion of the blade rides
within the blade channel and extends the cutting edgeinto and
through tissue overlying the upper surface of the third jaw
member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Objects and features of the presently-disclosed sur-
gical instruments and end-effector assemblies including three
jaw members for use in surgical instruments to grasp, seal,
and/or cut tissue will become apparent to those of ordinary
skill in the art when descriptions of various embodiments
thereof are read with reference to the accompanying draw-
ings, of which:

[0015] FIG.11is aright, side view of a surgical instrument
showing a housing, a rotatable member, a shaft, and an end-
effector assembly including three jaw members in accor-
dance with an embodiment of the present disclosure;

[0016] FIG. 2 is an enlarged, perspective view of a portion
of a surgical instrument including an elongated shaft, an
end-effector assembly including first, second and third jaw
members, and a knife including a knife blade disposed within
the distal end portion of the shaft in accordance with an
embodiment the present disclosure;

[0017] FIG. 3 is an enlarged, perspective view of the end-
effector assembly of FIG. 2 disposed in an open configura-
tion, wherein the first and second jaw members are spaced
apart from the third jaw member disposed therebetween,
showing electrically-conductive tissue-engaging surfaces
associated with the first, second and third jaw members, in
accordance with an embodiment of the present disclosure;
[0018] FIG. 4 is an enlarged, perspective view of the end-
effector assembly of FIG. 3 showing the third jaw member
disposed downwardly at a first angle in accordance with an
embodiment of the present disclosure;

[0019] FIG. 5 is an enlarged, perspective view of the end-
effector assembly of FIG. 4 shown with tissue disposed below
the lower surfaces of the first and second jaw members and
tissue overlying a channel defined in the upper surface of the
third jaw member in accordance with an embodiment of the
present disclosure;

[0020] FIG. 6 is an enlarged, perspective view of the end-
effector assembly of FIG. 5, showing the first, second, and
third jaw members disposed in vertical alignment relative to
oneanother, wherein the upper surfaces of the first and second
jaw members are substantially coplanar with the upper sur-
face of the third jaw member, in accordance with an embodi-
ment of the present disclosure;

[0021] FIG. 7 is an enlarged, perspective view of the end-
effector assembly of FIG. 6 showing the first and second jaw
members in a closed configuration with tissue in compression
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disposed between the electrically-conductive tissue-engag-
ing surfaces of the third jaw member and the electrically-
conductive tissue-engaging surfaces of the first and second
jaw members, respectively, and tissue in tension overlying the
channel defined in the upper surface of the third jaw member,
in accordance with an embodiment of the present disclosure;
[0022] FIG. 8 is an enlarged, perspective view of the end-
effector assembly of F1G. 7 showing the first and second jaw
members in a closed configuration with sealed tissue in com-
pression disposed between the electrically-conductive tissue-
engaging surfaces of the third jaw member and the electri-
cally-conductive surfaces of the first and second jaw
members, respectively, shown with the knife partially
extended along a portion of the upper surface of the third jaw
member, in accordance with an embodiment of the present
disclosure;

[0023] FIG. 9 is an enlarged, perspective view of the end-
effector assembly of FIG. 8 showing the knife blade posi-
tioned distal to tissue severed into two portions disposed
above the sealed tissue in compression in accordance with an
embodiment of the present disclosure;

[0024] FIG. 10 is an enlarged, perspective view of an elon-
gated shaft, a knife cover defining an interior cavity, a knife
including a knife blade disposed within the interior cavity,
and an end-effector assembly including first and second jaw
members shown spaced apart from a third jaw member dis-
posed therebetween in accordance with an embodiment of the
present disclosure;

[0025] FIG. 11 is an enlarged, perspective view of the end-
effector assembly of FIG. 10, showing the first and second
jaw members in a closed configuration with (sealed) tissue in
compression disposed between the electrically-conductive
tissue-engaging surfaces of the third jaw member and the
electrically-conductive surfaces of the first and second jaw
members, respectively, showing the knife blade positioned
distal to tissue severed into two portions disposed above the
sealed tissue in compression, in accordance with an embodi-
ment of the present disclosure;

[0026] FIG. 12 is an enlarged, perspective view of the end-
effector assembly of FIG. 1 disposed in a closed configura-
tion, wherein the first and second jaw members are positioned
proximate to the third jaw member disposed therebetween,
showing a cutting member disposed on the upper surface the
third jaw member and extending outwardly therefrom, in
accordance with an embodiment of the present disclosure;

[0027] FIG. 13 is an enlarged, perspective view of the end-
effector assembly of FIG. 12 disposed in an open configura-
tion, wherein the first and second jaw members are spaced
apart from the third jaw member disposed therebetween, in
accordance with an embodiment of the present disclosure;

[0028] FIG. 14 is an enlarged, perspective view of the end-
effector assembly of FIG. 13 showing the third jaw member
disposed downwardly at a first angle in accordance with an
embodiment of the present disclosure;

[0029] FIG. 15 is an enlarged, perspective view of the end-
effector assembly of FIG. 14 shown with tissue disposed
below the lower surfaces of the first and second jaw members
and tissue overlying the cutting member disposed on the
upper surface the third jaw member in accordance with an
embodiment of the present disclosure;

[0030] FIG. 16 is an enlarged, perspective view of the end-
effector assembly of FIG. 15 disposed in the open configura-
tion shown in FIG. 13, showing tissue disposed between the
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first and second jaw members and overlying the cutting mem-
ber, in accordance with an embodiment of the present disclo-
sure;

[0031] FIG. 17 is an enlarged, perspective view of the end-
effector assembly of FIG. 16 showing the first and second jaw
members in a closed configuration with sealed tissue in com-
pression disposed between the electrically-conductive tissue-
engaging surfaces of the third jaw member and the electri-
cally-conductive tissue-engaging surfaces of the first and
second jaw members, respectively, shown with tissue in ten-
sion overlying the cutting member, in accordance with an
embodiment of the present disclosure;

[0032] FIG. 18 is an enlarged, perspective view of the end-
effector assembly of FIG. 17 shown with partially-severed
tissue in tension disposed above the third jaw member in
accordance with an embodiment of the present disclosure;
[0033] FIG. 19 is an enlarged, perspective view of the end-
effector assembly of FIG. 18 showing the third jaw member
disposed upwardly at a second angle, shown with tissue sev-
ered into two portions disposed above the upper surface the
third jaw member, in accordance with an embodiment of the
present disclosure;

[0034] FIG. 20 is a flowchart illustrating a method of cut-
ting tissue in accordance with an embodiment of the present
disclosure; and

[0035] FIG. 21 is a flowchart illustrating a method of cut-
ting tissue in accordance with another embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0036] Hereinafter, embodiments of surgical instruments
and end-effector assemblies including three jaw members for
use in surgical instruments to grasp, seal, and/or cut tissue of
the present disclosure, and methods of cutting tissue of the
present disclosure are described with reference to the accom-
panying drawings. Like reference numerals may refer to simi-
lar or identical elements throughout the description of the
figures. As shown in the drawings and as used in this descrip-
tion, and as is traditional when referring to relative position-
ing on an object, the term “proximal” refers to that portion of
the apparatus, or component thereof, closer to the user and the
term “distal” refers to that portion of the apparatus, or com-
ponent thereof, farther from the user.

[0037] This description may use the phrases “in an embodi-
ment,” “in embodiments,” “in some embodiments,” or “in
other embodiments,” which may each refer to one or more of
the same or different embodiments in accordance with the
present disclosure.

[0038] Various embodiments of the present disclosure pro-
vide surgical instruments suitable for sealing, cauterizing,
coagulating/desiccating, and/or cutting vessels and vascular
tissue. Embodiments of the presently-disclosed surgical
instruments with an end-effector assembly including three
jaw members may be suitable for utilization in endoscopic
surgical procedures and/or suitable for utilization in open
surgical applications. Embodiments of the presently-dis-
closed surgical instruments may be implemented using a
variety of types of energy, e.g., electrosurgical energy at radio
frequencies (RF) and/or at other frequencies, ultrasonic, opti-
cal, and/or thermal energy. Embodiments of the presently-
disclosed surgical instruments may be configured to be con-
nectable to one or more energy sources, e.g., RF generators
and/or ultrasonic generators.
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[0039] Thevarious embodiments disclosed herein may also
be configured to work with robotic surgical systems and what
is commonly referred to as “Telesurgery.”” Such systems
employ various robotic elements to assist the surgeon in the
operating theater and allow remote operation (or partial
remote operation) of surgical instrumentation. Various
robotic arms, gears, cams, pulleys, electric and mechanical
motors, etc. may be employed for this purpose and may be
designed with a robotic surgical system to assist the surgeon
during the course of an operation or treatment. Such robotic
systems may include, remotely steerable systems, automati-
cally flexible surgical systems, remotely flexible surgical sys-
tems, remotely articulating surgical systems, wireless surgi-
cal systems, modular or selectively configurable remotely
operated surgical systems, etc.

[0040] The robotic surgical systems may be employed with
one or more consoles that are next to the operating theater or
located in a remote location. In this instance, one team of
surgeons or nurses may prep the patient for surgery and
configure the robotic surgical system with one or more of the
instruments disclosed herein while another surgeon (or group
of surgeons) remotely control the instruments via the robotic
surgical system. As can be appreciated, a highly skilled sur-
geon may perform multiple operations in multiple locations
without leaving his/her remote console which can be both
economically advantageous and a benefit to the patient or a
series of patients.

[0041] Therobotic arms of the surgical system are typically
coupled to a pair of master handles by a controller. The
handles can be moved by the surgeon to produce a corre-
sponding movement of the working ends of any type of sur-
gical instrument (e.g., end effectors, graspers, knifes, scis-
sors, etc.) which may complement the use of one or more of
the embodiments described herein. In various embodiments
disclosed herein, an end-effector assembly including three
jaw members may be coupled to a pair of master handles by
a controller. The movement of the master handles may be
scaled so that the working ends have a corresponding move-
ment that is different, smaller or larger, than the movement
performed by the operating hands of the surgeon. The scale
factor or gearing ratio may be adjustable so that the operator
can control the resolution of the working ends of the surgical
instrument(s).

[0042] The master handles may include various sensors to
provide feedback to the surgeon relating to various tissue
parameters or conditions, e.g., tissue resistance due to
manipulation, cutting or otherwise treating, pressure by the
three jaw members onto the tissue, tissue temperature, tissue
impedance, etc. As can be appreciated, such sensors provide
the surgeon with enhanced tactile feedback simulating actual
operating conditions. The master handles may also include a
variety of different actuators for delicate tissue manipulation
or treatment further enhancing the surgeon’s ability to mimic
actual operating conditions.

[0043] In FIG. 1, an embodiment of a surgical instrument
10 is shown for use with various surgical procedures, e.g,,
endoscopic surgical procedures. Surgical instrument 10 gen-
erally includes a housing 60, a handle assembly 30, arotatable
assembly 80, a trigger assembly 70, and an end-effector
assembly 791 that mutually cooperate to grasp, seal and/or
divide tissue (e.g., tissue “I” shown in FIG. 5), e.g., tubular
vessels and vascular tissue. End-effector assembly 791
includes a first jaw member 110, a second jaw member 120,
and a third jaw member 730 disposed between the first and
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second jaw members 110 and 120, respectively, which are
configured to be controllably movable, e.g., to grasp and/or
seal tissue.

[0044] First and second jaw members 110 and 120 are
configured to be controllably movable relative to one another
and/or relative to the third jaw member 730, e.g.. to control
the amount of compression applied to tissue (e.g., tissue in
compression “T.” shown in FIGS. 7 and 8). In some embodi-
ments, the instrument 10 is configured to provide a user
capability to controllably move the first and second jaw mem-
bers 110 and 120 laterally towards the third jaw member 730
to progressively tension tissue (e.g., tissue in tension “T;”
shown in FIGS. 7 and 8) overlying the upper surface 734 of
the third jaw member 730. As best seen in FIGS. 4 and 5, the
third jaw member 730 is movable from a first configuration,
wherein the first, second and third jaw members are disposed
in vertical alignment relative to one another (e.g., an upper
surface 734 of the third jaw member 730 is substantially
coplanar with the upper surfaces 114 and 124 of the first and
second jaw members 110 and 120, respectively), to a second
configuration, wherein the upper surface 734 of the third jaw
member 730 is disposed at an angle, e.g., relative to a plane
defined by the upper surfaces 114 and 124 of the first and
second jaw members 110 and 120, respectively.

[0045] Surgical instrument 10 generally includes an elon-
gated shaft 12 defining a longitudinal axis “A-A”. Shaft 12
supports movement of other components therethrough, e.g.,
to impart movement to the first, second and third jaw mem-
bers 110, 120 and 730, respectively. In some embodiments,
the trigger assembly 70 is operatively coupled to the end-
effector assembly 791, e.g., to allow the surgeon to change the
position and/or orientation of the third jaw member 730.
[0046] Although FIG. 1 depicts a surgical instrument 10 for
use in connection with endoscopic surgical procedures, the
teachings of the present disclosure may also apply to more
traditional open surgical procedures. For the purposes herein,
the device 10 is described in terms of an endoscopic instru-
ment; however, an open version of the device may also
include the same or similar operating components and fea-
tures as described below.

[0047] Insome embodiments, as shown in FIG. 1, first jaw
member 110 and the second jaw member 120 are pivotably
connected about a pivot pin 103 and controllably movable
relative to one another and/or relative to the third jaw member
730, e.g., pivotably movable about the pivot pin 103, in a
curvilinear direction “D,” as shown in FIG. 3. First jaw mem-
ber 110, the second jaw member 120, and/or the third jaw
member 730 may be curved at various angles to facilitate
manipulation of tissue and/or to provide enhanced line-of-
sight for accessing targeted tissues. The first, second, and
third jaw members 110, 120, and 730, respectively, may be
formed from any suitable material or combination of materi-
als by any suitable process, e.g., machining, stamping, elec-
trical discharge machining (EDM), forging, casting, injection
molding, metal injection molding (MIM), and/or fineblank-
ing. End-effector assembly 791 may include one or more
electrically-insulative elements to electrically isolate the first
jaw member 110 from the second jaw member 120. End-
effector assembly 791 may additionally, or alternatively,
include one or more electrically-insulative bushings to elec-
trically isolate the third jaw member 730 from the first jaw
member 110 and/or the second jaw member 120.

[0048] End-effector assembly 791 may include one or more
electrically-conductive  tissue-engaging surfaces (also
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referred to herein as “sealing plates™) coupled to, or otherwise
disposed in association with, the first, second and/or third jaw
member 110, 120 and/or 730, respectively. In some embodi-
ments, as shown in FIGS. 2 through 9. end-effector assembly
791 includes first and second electrically-conductive tissue-
engaging surfaces 112 and 122, respectively, wherein the first
electrically-conductive tissue-engaging surface 112 is
coupled to, or otherwise disposed in association with, the first
jaw member 110, and the second electrically-conductive tis-
sue-engaging surface 122 is coupled to, or otherwise disposed
in association with, the second jaw member 120. End-effector
assembly 791 may include electrically-insulative members
configured to electrically isolate, at least in part, the first and
second electrically-conductive tissue-engaging surfaces 112
and 122 (also referred to herein as “first and second sealing
plates 112 and 122”) from the first and second jaw members
110 and 120, respectively. In some embodiments, the first and
second sealing plates 112 and 122 may be integrally formed
with the first and second jaw members 110 and 120, respec-
tively. End-effector assembly 791 may additionally, or alter-
natively, include electrically-conductive tissue-engaging sur-
faces coupled to, or otherwise disposed in association with,
the third jaw member 730.

[0049] Insome embodiments, as shown in FIGS. 2 through
9, the end-effector assembly 791 includes a first sealing plate
112 associated with the first jaw member 110, a second seal-
ing plate 122 associated with the second jaw member 120,
and third and fourth sealing plates 731 and 732 associated
with the third jaw member 730, wherein the first and third
sealing plates 112 and 731, respectively, are disposed in
opposing relation to one another, and wherein the second and
fourth sealing plates 122 and 732, respectively, are disposed
in opposing relation to one another. In some embodiments,
the end-effector assembly 791 may be configured to allow the
first, second, third and fourth sealing plates 112,122,731 and
732 to be separately activated, and/or activated in pairs (e.g.,
first and third sealing plates 112 and 731 and/or second and
fourth sealing plates 122 and 732).

[0050] AsshowninFIG.1, theshaft12includes a distal end
16 configured to mechanically engage the end-effector
assembly 1291. In some embodiments, the end-effector
assembly 791 is selectively and releaseably engageable with
the distal end 16 of the shaft 12. In some embodiments, the
shaft 12 includes an inner shaft member slidingly disposed
within an outer shaft member and operable by a drive assem-
bly (not shown). The proximal end 14 of the shaft 12 is
received within the housing 60 and examples of connections
relating thereto, and examples of drive assembly embodi-
ments of the surgical instrument 10, are described in com-
monly assigned U.S. Pat. No. 7,150,097 entitled “METHOD
OF MANUFACTURING JAW ASSEMBLY FOR VESSEL
SEALER AND DIVIDER;” commonly assigned U.S. Pat.
No. 7,156,846 entitled “VESSEL SEALER AND DIVIDER
FOR USE WITH SMALL TROCARS AND CANNULAS,”
commonly assigned U.S. Pat. No. 7,597,693 entitled “VES-
SEL SEALER AND DIVIDER FOR USE WITH SMALL
TROCARS AND CANNULAS,” and commonly assigned
U.S. Pat. No. 7,771,425 entitled “VESSEL SEALER AND
DIVIDER HAVING A VARIABLE JAW CLAMPING
MECHANISM.”

[0051] Surgical instrument 10 includes a cable 310. Cable
310 may be formed from a suitable flexible, semi-rigid or
rigid cable, and may connect directly to an energy source 28,
e.g., an ultrasonic and/or electrosurgical power generating
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source. In some embodiments, the cable 310 connects the
surgical instrument 10 to a connector 17, which further oper-
ably connects the instrument 10 to the energy source 28.
Cable 310 may be internally divided into one or more cable
leads (not shown) each of which transmits energy through its
respective feed path to the end-effector assembly 1291. In
some embodiments, cable 310 may include optical fiber.
[0052] Energy source 28 may be any generator suitable for
use with surgical devices, and may be configured to provide
various frequencies of electrosurgical energy, optical energy,
and/or ultrasound. Examples of electrosurgical generators
that may be suitable for use as a source of electrosurgical
energy are commercially available under the trademarks
FORCE EZ™, FORCE FX™, and FORCE TRIAD™
offered by Covidien Surgical Solutions of Boulder, Colo.
Surgical instrument 10 may alternatively be configured as a
wireless device or battery-powered.

[0053] As shown in FIG. 1, the end-effector assembly 791
1s rotatable about a longitudinal axis “A-A” through rotation,
either manually or otherwise, of the rotatable assembly 80.
Rotatable assembly 80 generally includes two halves (not
shown), which, when assembled about the shaft 12, form a
generally circular rotatable member 82. Rotatable assembly
80, or portions thereof, may be configured to house a drive
assembly (not shown) or components thereof. Examples of
rotatable assembly embodiments and drive assembly
embodiments of the surgical instrument 10 are described in
the above-mentioned, commonly-assigned U.S. Pat. Nos.
7,150,097, 7,156,846, 7,597,693 and 7,771,425.

[0054] Handle assembly 30 includes a fixed handle 50 and
amovable handle 40. In some embodiments, the fixed handle
50 is integrally associated with the housing 60, and the mov-
able handle 40 is selectively movable relative to the fixed
handle 50. Movable handle 40 of the handle assembly 30 is
ultimately connected to the drive assembly (not shown). As
can be appreciated, applying force to move the movable
handle 40 toward the fixed handle 50 pulls a drive element
(e.g., inner shaft member 180) proximally to impart move-
ment to the first and second jaw members 110 and 120 from
an open position, wherein the first and second jaw members
110 and 120 are disposed in spaced relation relative to the
third jaw member 730, to a clamping or closed position,
wherein the first, second and third jaw members 110,120 and
730 cooperate to grasp tissue therebetween. Examples of
handle assembly embodiments of the surgical instrument 10
are described in the above-mentioned, commonly-assigned
U.S. Pat. Nos. 7,150,097, 7,156,846, 7,597,693 and 7,771,
425.

[0055] Surgical instrument 10 includes a switch 200 con-
figured to permit the user to selectively activate the instru-
ment 10 in a variety of different orientations, i.e., multi-
oriented activation. As can be appreciated, this simplifies
activation. When the switch 200 is depressed, energy is trans-
ferred through one or more pathways, e.g., electrical leads
(not shown) and/or optical fiber (not shown), to the first and
second jaw members 110 and 120. Additionally, or alterna-
tively, when switch 200 is depressed, energy may be trans-
ferred through one or more pathways, e.g., electrical leads
(not shown) and/or optical fiber (not shown), to the third jaw
member 730. Although FIG. 1 depicts the switch 200 dis-
posed at the proximal end of the housing assembly 60, switch
200 may be disposed on another part of the instrument 10
(e.g., the fixed handle 50, rotatable member 82, etc.) or
another location on the housing assembly 60.
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[0056] FIGS. 2 through 9 show a knife 756 operatively
coupled to a shaft 712 (similar to the elongated shaft 12 shown
in FIG. 1) and an end-effector assembly 791 disposed at the
distal end of the shaft 712. Knife 756 includes a knife bar 757
and a knife blade 758 disposed at the distal end of the knife bar
757. Third jaw member 730 includes a channel 751 defined
along the length of the upper surface 734, or portion thereof,
configured to slideably receive a portion of the knife 756, e.g,,
a portion including the bottom edge of the knife bar 757.
Channel 751 may have any suitable dimensions, e.g., length,
width, and depth.

[0057] FIG. 2 shows the end-effector assembly 791 dis-
posed in a closed configuration, wherein the first and second
jaw members 110 and 120 are positioned proximate to the
third jaw member 730 disposed therebetween. In FIG. 3, the
end-effector assembly 791 is shown disposed in an open
configuration, wherein the first and second jaw members 110
and 120 are spaced apart from the third jaw member 730
disposed therebetween. First and second jaw members 110
and 120 are movable with respect to one another and/or with
respect to the third jaw member 730, e.g., along a curvilinear
direction “D,” (FIG. 3), from an open configuration wherein
the first and second jaw members 110 and 120 are disposed in
spaced relation relative to the third jaw member 730, to a
clamping or closed position, wherein the first, second and
third jaw members 110, 120 and 730 cooperate to grasp tissue
(e.g., tissue “T” shown in FIG. 7) therebetween. When the
end-effector assembly 791 is disposed in an open configura-
tion, e.g., as shown in FIG. 3, the first and second electrically-
conductive tissue-engaging surfaces 731 and 732 of the third
jaw member 130 are spaced apart from the first and second
electrically-conductive tissue-engaging surfaces 112 and 122
of the first and second jaw members 110 and 120, respec-
tively.

[0058] Shaft 712 supports movement of other components
therethrough, e.g., to impart movement to the knife 756 and
the first, second and third jaw members 110, 120 and 730,
respectively. In some embodiments, as shown in FIGS. 2
through 9, shaft 712 includes a longitudinally-extending
channel 713 defined therethrough. The knife bar 757 is con-
figured to be slideably translatable through the channel 713 to
allow for selective advancement of the knife blade 758. In
some embodiments, the end-effector assembly 791 may be
configured to prevent axial translation of the knife bar 757
when the upper surface 734 of the third jaw member 730 is
disposed below a plane defined by the upper surfaces 114 and
124 of the first and second jaw members 110 and 120, respec-
tively.

[0059] FIG. 4 shows the end-effector assembly 791 dis-
posedin an open configuration wherein the third jaw member
730 is slanted downward at a first angle, e.g., relative to a
longitudinal axis “A-A” defined by the shaft 712 and/or rela-
tive to a plane defined by the upper surfaces 114 and 124 of
the first and second jaw members 110 and 120, respectively.
In some embodiments, the first angle may be an acute angle,
e.g., an angle that measures between 0 degrees and 90
degrees. When the third jaw member 730 is slanted down-
ward, the distal end of the third jaw member 730 is positioned
offset from the longitudinal axis “A-A” defined by the shaft
712, e.g., to provide the surgeon with the capability to posi-
tion tissue (e.g., tissue “T” shown in FIG. 5) over the upper
surface 734 of the third jaw member 730.

[0060] FIG. 5 shows the end-effector assembly 791 posi-
tioned with respect to tissue “T”, e.g., tubular vessel, wherein
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portions of tissue “T” are disposed below the lower surfaces
113 and 123 of the first and second jaw members 110 and 120,
respectively, and a portion of tissue “T” is disposed above the
upper surface 734 of the third jaw member 730.

[0061] FIG. 6 shows the end-effector assembly 791 dis-
posed in a configuration wherein the first, second, and third
jaw members 110, 120 and 730, respectively, are disposed in
vertical alignment relative to one another, wherein the upper
surfaces 114 and 124 of the first and second jaw members 110
and 120, respectively, are substantially coplanar with the
upper surface 734 of the third jaw member 730.

[0062] In FIG. 7, the end-effector assembly 791 is shown
with the first, second and third jaw members 110, 120 and 730
in a closed configuration, e.g., after tissue sealing, with sealed
tissue in compression “T.” disposed between the first and
third sealing plates 112 and 731 of the first and third jaw
members 110 and 730, respectively, and the second and
fourth sealing plates 122 and 732 of the second and third jaw
members 120 and 730, respectively, and tissue in tension
“T;” disposed overlying the upper surface 734 of the third jaw
member 730.

[0063] FIG. 8 shows the end-effector assembly 791 with
the knife 756 in a partially extended configuration, wherein a
portion the knife bar 757 is disposed within the channel 751
on the upper surface 734 of the third jaw member 730 and the
knife blade 758 is positioned proximal to the tissue in tension
“T;” disposed overlying the upper surface 734.

[0064] In FIG. 9, the end-effector assembly 791 is shown
with tissue in compression “T,.” between the first and third
sealing plates 112 and 731 of the first and third jaw members
110 and 730, respectively, and the second and fourth sealing
plates 122 and 732 of the second and third jaw members 120
and 730, respectively, and with severed tissue “T;” disposed
above the third jaw member 730. In FIG. 9, the knife blade
758 is disposed in an extended configuration and positioned
distal to the severed tissue “T” and the tissue in compression
“T.”. The surgeon may maintain the end-effector assembly
791 in the closed configuration after tissue sealing and cut-
ting, e.g., to view the severed tissue “Tg” to evaluate the
integrity of the sealed tissue in compression “T ..

[0065] FIGS. 10 and 11 show a portion of an elongated
shaft 1112 of a surgical instrument, a knife 1156 operatively
coupled to the shaft 1112, a knife cover 1117 protruding
outwardly of the outer circumferential surface of the shaft
1112, and an end-effector assembly 1191 disposed at the
distal end the shaft 1112. A knife cavity 1116 defined by the
knife cover 1117 may be configured to receive the entire knife
1156 therein. Alternatively, the knife cavity 1116 may be
configured to receive a portion, e.g., an upper portion, of the
knife 1156 therein. FIG. 11 shows the knife blade 758 dis-
posed in an extended configuration and positioned distal to
the severed tissue “T” and the tissue in compression “T ..
[0066] End-effector assembly 1191 includes the first and
second jaw members 110 and 120 and the first and second
sealing plates 112 and 122 of the end-effector assembly 791
shown in FIGS. 1 through 9, and further description of those
features is omitted in the interests of brevity. End-effector
assembly 1191 includes a controllably movable third jaw
member 1130 disposed between the first and second jaw
members 110 and 120. In some embodiments, as shown in
FIGS. 10 and 11, the end-effector assembly 1191 includes
third and fourth sealing plates 1131 and 1132, respectively,
coupled to, or otherwise disposed in association with, the
third jaw member 1130.
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[0067] InFIG.10,the end-effector assembly 1191 is shown
in an open configuration wherein the first and second jaw
members 110 and 120 are spaced apart from the third jaw
member 1130 disposed therebetween. A channel 1751
defined along the length of the upper surface 1134 of the third
jaw member 1130 is configured to slideably receive a bottom
portion of the knife 1156. Channel 1751 may have any suit-
able dimensions, e.g., length, width, and depth. An opening
1114 at the distal end 1115 of the knife cover 1117 is disposed
in communication with the knife cavity 1116 and configured
to allow axial reciprocation of the knife 1156. In some
embodiments, the end-effector assembly 1191 may be con-
figured to prevent axial translation of the knife 1156 when the
first, second and third jaw members 110,120 and 1130 are not
disposed in vertical alignment relative to one another, e.g,.,
when the upper surface 1134 of the third jaw member 1130 is
disposed below a plane defined by the upper surfaces 114 and
124 of the first and second jaw members 110 and 120, respec-
tively.

[0068] Knife 1156 includes a knife bar 1157 and a knife
blade 1158 disposed at the distal end of the knife bar 1157.
Knife 1156 may be operatively coupled to a drive assembly
(not shown) and/or a trigger assembly (e.g., trigger assembly
70 shown in FIG. 1). The drive assembly may have any
suitable configuration to allow axial reciprocation of the knife
1156, e.g., to cause movement of the knife blade 1158 from a
retracted position within the knife cavity 1116 to an extended
position outside the knife cavity 1116. In some embodiments,
the trigger assembly 70 is operatively disposed relative to a
handle for selectively advancing the knife 1156 for cutting
tissue along the upper surface 1134 of the third jaw member
1130.

[0069] As shown in FIG. 11, the movement of the knife
blade 1158 to an extended position effects the cutting of tissue
“T” 1in tension disposed over the upper surface 1134 of the
third jaw member 1130. In some embodiments, the knife
1156 is prevented from movement, e.g., in a distal direction,
when the third jaw member 1130 is disposed in an angled/
slanted (downward or upward) configuration. FIG. 11 shows
sealed tissue “T” in compression between the first and third
sealing plates 112 and 1131 of the first and third jaw members
110 and 1130, respectively, and the second and fourth sealing
plates 122 and 1132 of the second and third jaw members 120
and 1130, respectively, with cut tissue “T . disposed above
the third jaw member 1130, with the knife blade 1158 posi-
tioned distal to the cut tissue “T.”.

[0070] FIGS. 12 through 19 show a portion of a surgical
instrument including an end-effector assembly 1291. End-
effector assembly 1291 includes the first and second jaw
members 110 and 120 and the first and second sealing plates
112 and 122 of the end-effector assembly 791 shown in FIGS.
1 through 9, and further description of those features is omit-
ted in the interests of brevity. End-effector assembly 1291
includes a controllably movable third jaw member 1330 dis-
posed between the first and second jaw members 110 and 120.
In some embodiments, as shown in FIGS. 12 through 18, the
end-effector assembly 1291 includes third and fourth sealing
plates 1331 and 1332, respectively, coupled to, or otherwise
disposed in association with, the third jaw member 1330.
[0071] InFIG.12,the end-effector assembly 1291 is shown
with the first and second jaw members 110 and 120 in a closed
configuration with the third jaw member 1330 disposed ther-
ebetween. End-effector assembly 1291 includes a cutting
member 1356 disposed on the upper surface 1334 of the third
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jaw member 1330 and extending outwardly therefrom. End-
effector assembly 1291 may include additional, fewer, or
different components than shown in FIGS. 12 through 19,
depending upon a particular purpose or to achieve a desired
result. The shape and size of the first, second and third jaw
members 110, 120 and 1330, respectively, may be varied
from the configuration depicted in FIGS. 12 through 19.
[0072] In some embodiments, the cutting member 1356 is
an ultrasonic member configured to treat tissue, e.g., to
transect, dissect and/or coagulate tissue. The ultrasonic mem-
ber may be operably coupled to an ultrasonic transducer (not
shown), which may be supported within the housing of the
surgical instrument and operably coupled to ultrasonic signal
generator.

[0073] In some embodiments, the cutting member 1356
may have amonopolar cutting edge (not shown) configured to
treattissue, e.g., to transect, dissect and/or coagulate tissue. In
such cases, the end-effector assembly 1291 may be variously
configured to provide suitable electrical isolation between the
monopolar cutting edge and the jaw third jaw member 1330.
[0074] FIG. 12 shows an end-effector assembly 1291 dis-
posed in a closed configuration, wherein the first and second
jaw members 110 and 120 are positioned proximate to the
third jaw member 1330 disposed therebetween. A cutting
member 1356 is disposed on the upper surface 1334 of the
third jaw member 1330 and extends outwardly therefrom.
[0075] InFIG. 13, the end-effector assembly 1291 is shown
in a configuration wherein the first and second jaw members
110 and 120 are disposed in spaced relation relative to the
third jaw member 1330 disposed therebetween. As shown in
FIG. 13, the first jaw member 110 includes an upper surface
114 and a bottom surface 113, the second jaw member 120
includes an upper surface 124 and a bottom surface 123, and
the third jaw member 1330 includes an upper surface 1334
and a bottom surface 1333.

[0076] In FIG. 14, the first and second jaw members 110
and 120 are disposed in spaced relation relative to the third
jaw member 1330 as shown in FIG. 13, and the third jaw
member 1330 is oriented at a downward angle. In this con-
figuration, the bottom surface of the third jaw member 1330 is
positioned below a plane defined by the bottom surfaces 113
and 123 of the first and second jaw members 110 and 120,
respectively. In FIG. 15, tissue “T” is depicted overlying a
portion of the cutting member 1356 disposed on the upper
surface 1334 of the third jaw member 1330.

[0077] In FIG. 16, the first and second jaw members 110
and 120 are shown disposed in spaced relation relative to the
third jaw member 1330, with tissue “T” disposed between the
first and third sealing plates 112 and 1331 of the first and third
jaw members 110 and 1330, respectively, and the second and
fourth sealing plates 122 and 1332 of the second and third jaw
members 120 and 1330, respectively, and tissue in tension
“T,” overlying a portion of the cutting member 1356 dis-
posed on the upper surface 1334 of the third jaw member
1330.

[0078] FIG. 17 shows the first and second jaw members 110
and 120 in a closed configuration with tissue in compression
“T.”, e.g., vascular tissue, between the first and third sealing
plates 112 and 1331 of the first and third jaw members 110
and 1330, respectively, and the second and fourth sealing
plates 122 and 1332 of the second and third jaw members 120
and 1330, respectively, and with tissue in tension “T,” over-
lying the cutting member 1356 disposed on the upper surface
1334 of the third jaw member 1330. When the first and second
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jaw members 110 and 120 are disposed in a closed configu-
ration, e.g., to effect grasping of tissue “T”, energy may be
applied via the first, second, third and fourth sealing plates
112, 122, 1331 and 1332 to effect sealing of the tissue in
compression “T.”. Once the tissue is sealed, the cutting
member 1356 may be used to transect, dissect and/or coagu-
late the tissue in tension “T;” overlying the upper surface
1334 of the third jaw member 1330. In FIG. 18, partially-cut
tissue in tension “T,” is illustratively depicted. In some
embodiments, as shown in F1G. 18, the end-effector assembly
1291 is configured to allow the user to selectively apply
tension in a particular direction, e.g., upward tension, to the
tissuein tension T/ during treatment by the cutting member
1356. In some embodiments, the end-effector assembly 1291
is configured to provide a user capability to controllably move
the first and second jaw members 110 and 120 laterally
towards the third jaw member 1330 to progressively tension
the tissue “T;” overlying the upper surface 1334 of the third
jaw member 1330.

[0079] In embodiments wherein the cutting member 1356
1s an ultrasonic member, during a procedure, tension applied
to the tissue in tension “T;” may improve efficiency, e.g,,
increase the rate of dissection and/or coagulation, and/or oth-
erwise improve the outcome. In an embodiment shown in
FIG. 19, the end-effector assembly 1291 is configured to
allow the user to effect movement of the third jaw member
1330, which changes the orientation of the cutting member
1356 disposed on the upper surface 1334 of the third jaw
member 1330, e.g., to selectively apply tension to the tissue in
tension “T;” during treatment by the cutting member 1356. In
FIG. 19, the end-effector assembly 1291 is shown with tissue
in compression “T.” between the first and second electri-
cally-conductive tissue-engaging surfaces 112 and 122 and
the first and second tissue-engaging surfaces of the third jaw
member 1330, and severed tissue “T¢” disposed above the
upper surface 1334 of the third jaw member 1330.

[0080] Hereinafter, methods of cutting tissue, in accor-
dance with the present disclosure, are described with refer-
ence to FIGS. 20 and 21. It is to be understood that the steps
of the methods provided herein may be performed in combi-
nation and in a different order than presented herein without
departing from the scope of the disclosure.

[0081] FIG. 20 is a flowchart illustrating a method of cut-
ting tissue according to an embodiment of the present disclo-
sure. In step 2010, a surgical instrument 10 for sealing tissue
is provided. The instrument 10 includes an elongated shaft 12
having an end-effector assembly 1291 at a distal end thereof.
The end-effector 1291 assembly includes first and second jaw
members 110 and 120 controllably movable from a first posi-
tion in spaced relation relative to a third jaw member 1330
disposed therebetween to at least one second position closer
to the third jaw member 1330 wherein the first, second and
third jaw members 110,120 and 1330, respectively, cooperate
to grasp tissue therebetween, e.g., to control the amount of
compression applied to tissue. Each of the first and second
jaw members 110 and 120 includes an electrically-conductive
sealing plate 112 and 122, respectively, connectable to an
energy source 28 and configured to apply energy through
tissueheld therebetween. In some embodiments, the third jaw
member 1330 includes electrically-conductive sealing plates
1331 and 1332. A cutting member 1356 is disposed on at least
a portion of an upper surface of the third jaw member 1330.
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[0082] Instep2020, thefirst, second and third jaw members
110, 120 and 1330, respectively, are positioned about tissue
“T”.

[0083] In step 2030, energy is applied to the electrically-
conductive sealing plates 112, 122 so that energy passes
between the electrically-conductive sealing plates 112, 122
and through tissue in compression “T.” to effect a tissue seal.
In some embodiments, wherein the third jaw member 1330
includes electrically-conductive sealing plates 1331 and
1332, during activation, energy passes between the electri-
cally-conductive sealing plates 112 and 1331 and through
tissue in compression “T " disposed therebetween, and/or
energy passes between the electrically-conductive sealing
plates 122 and 1332 and through tissue in compression “T "
disposed therebetween.

[0084] Instep2040, the cuttingmember 1356 is activated to
cut through tissue in tension “T,” overlying the upper surface
1334 of the third jaw member 1330.

[0085] FIG. 21 is a flowchart illustrating a method of cut-
ting tissue according to an embodiment of the present disclo-
sure. In step 2110, a surgical instrument 10 for sealing tissue
is provided. The surgical instrument 10 includes an elongated
shaft 712 having an end-effector assembly 791 at a distal end
thereof. The end-effector 791 assembly includes first and
second jaw members 110 and 120 controllably movable from
a first position in spaced relation relative to a third jaw mem-
ber 730 disposed therebetween to at least one second position
closer to the third jaw member 730 wherein the first, second
and third jaw members 110, 120 and 730, respectively, coop-
erate to grasp tissue therebetween, e.g., to control the amount
of compression applied to tissue. Each of the first and second
jawmembers 110 and 120 includes an electrically-conductive
sealing plate 112 and 122, respectively, connectable to an
energy source 28 and configured to apply energy through
tissue held therebetween. In some embodiments, the third jaw
member 730 includes electrically-conductive sealing plates
731 and 732.

[0086] In some embodiments, the third jaw member 730 is
configured to be controllably movable from a first configura-
tion, wherein an upper surface 734 of the third jaw member
730 is disposed within a plane defined by the upper surfaces
114 and 124 of the first and second jaw members 110 and 120,
respectively, to a second configuration, wherein the upper
surface 734 of the third jaw member 730 is disposed below the
plane defined by the upper surfaces 114 and 124 of the first
and second jaw members 110 and 120. In some embodiments,
the third jaw member 730 is configured to be controllably
movable from a first configuration, wherein an upper surface
734 of the third jaw member 730 is disposed within a plane
defined by the upper surfaces 114 and 124 of the first and
second jaw members 110 and 120, respectively, to a third
configuration, wherein the upper surface 734 of the third jaw
member 730 1s disposed above the plane defined by the upper
surfaces 114 and 124 of the first and second jaw members 110
and 120.

[0087] Instep2120, thefirst, second and third jaw members
110, 120 and 730, respectively, are positioned about tissue
“T”.

[0088] In step 2130, energy is applied to the electrically-
conductive sealing plates 112, 122 so that energy passes
between the electrically-conductive sealing plates 112, 122
and through tissue in compression “T;” to effect a tissue seal.
In some embodiments, wherein the third jaw member 730
includes electrically-conductive sealing plates 731 and 732,
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during activation, energy passes between the electrically-
conductive sealing plates 112 and 731 and through tissue in
compression “T.” disposed therebetween, and/or energy
passes between the electrically-conductive sealing plates 122
and 732 and through tissue in compression “T.” disposed
therebetween.
[0089] Instep 2140, the cutting member 756 is activated to
cut through tissue in tension “T;” overlying the upper surface
of the third jaw member 730.
[0090] The above-described surgical instruments with an
end-effector assembly including three jaw members are con-
figured to allow the surgeon to move first and second jaw
members from an open position, wherein the first and second
jaw members are disposed in spaced relation relative to a third
jaw member disposed therebetween, to a clamping or closed
position, wherein the first, second and third jaw members,
cooperate to grasp tissue therebetween. The above-described
end-effector assemblies are configured to allow the first and
second jaw members to be controllably movable relative to
one another and/or relative to the third jaw member, e.g., to
control the amount of compression applied to tissue. The
above-described surgical instruments are configured to pro-
vide a user capability to controllably move the first and sec-
ond jaw members laterally towards the third jaw member to
progressively tension the tissue overlying the upper surface of
the third jaw member.
[0091] The above-described surgical instruments are con-
figured to allow the third jaw member to be controllably
movable from a first configuration, wherein an upper surface
of the third jaw member is substantially coplanar with the
upper surfaces of the first and second jaw members, to a
second configuration, wherein the upper surface of the third
jaw member is disposed below (or above) a plane defined by
the upper surfaces of the first and second jaw members.
[0092] The above-described surgical instruments may be
suitable for sealing, cauterizing, coagulating/desiccating and/
or cutting vessels and vascular tissue and may be suitable for
utilization in endoscopic surgical procedures and/or suitable
for utilization in open surgical applications. The above-de-
scribed surgical instruments with an end-effector assembly
including three jaw members may be configured for use with
a variety of energy sources.
[0093] Although embodiments have been described in
detail with reference to the accompanying drawings for the
purpose of illustration and description, it is to be understood
that the inventive processes and apparatus are not to be con-
strued as limited thereby. It will be apparent to those of
ordinary skill in the art that various modifications to the
foregoing embodiments may be made without departing from
the scope of the disclosure.
What is claimed is:
1. A method of cutting tissue, comprising:
providing a surgical instrument for sealing tissue, includ-
ing:
an end-effector assembly including first and second jaw
members controllably movable from a first position
wherein the first and second jaw members are dis-
posed in spaced relation relative to a third jaw mem-
berdisposed therebetween to at least one second posi-
tion closer to the third jaw member wherein the first,
second and third jaw members cooperate to grasp
tissue therebetween; and
acutting member associated with an upper surface of the
third jaw member;
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positioning the first, second and third jaw members about

tissue;

applying energy to electrically-conductive sealing plates

associated with so that energy passes between the elec-
trically-conductive sealing plates and through tissue to
effect a tissue seal; and

activating the cutting member to cut through tissue over-

lying the upper surface of the third jaw member.

2. The method of cutting tissue of claim 1, wherein the
providing includes the cutting member configured to out-
wardly extend from the upper surface of the third jaw mem-
ber.

3. The method of cutting tissue of claim 1, wherein the
providing includes the cutting member is an ultrasonic mem-
ber configured to treat tissue.

4. The method of cutting tissue of claim 1, wherein the
providing includes the third jaw member configured to be
controllably movable from a first configuration, wherein an
upper surface of the third jaw member is substantially copla-
nar with upper surfaces of the first and second jaw members,
to a second configuration, wherein the upper surface of the
third jaw member is disposed below a plane defined by the
upper surfaces of the first and second jaw members.

5. The method of cutting tissue of claim 1, wherein the
providing includes the third jaw member configured to be
controllably movable from a first configuration, wherein an
upper surface of the third jaw member is substantially copla-
nar with upper surfaces of the first and second jaw members,
to a third configuration, wherein the upper surface of the third
jaw member is disposed above a plane defined by the upper
surfaces of the first and second jaw members.

6. The method of cutting tissue of claim 1, wherein the
providing includes the end-effector assembly configured to
controllably move the first and second jaw members laterally
towards the third jaw member to progressively tension tissue
overlying the upper surface of the third jaw member.

7. A method of cutting tissue, comprising:

providing a surgical instrument for sealing tissue, includ-

ing:

an elongated shaft having an end-effector assembly at a
distal end thereof;

the end-effector assembly including first and second jaw
members controllably movable from a first position in
spaced relation relative to a third jaw member dis-
posed therebetween to at least one second position
closer to the third jaw member wherein the first, sec-
ond and third jaw members cooperate to grasp tissue
therebetween;

each of the first and second jaw members including an
electrically-conductive sealing plate connectable to
an energy source and configured to apply energy
through tissue held therebetween;
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the third jaw member including a blade channel defined
therein configured to slideably receive a blade includ-
ing a cutting edge at a distal end thereof, the blade
selectively movable from a first configuration
wherein the cutting edge is recessed within the elon-
gated shaft to a second configuration wherein a por-
tion of the blade is disposed within the blade channel;
positioning the first, second and third jaw members about
tissue;
applying energy to the electrically-conductive sealing
plates so that energy passes between the electrically-
conductive sealing plates and through tissue to effect a
tissue seal; and
moving the blade in at least one direction such that the
portion of the blade rides within the blade channel and
extends the cutting edge into and through tissue overly-
ing the upper surface of the third jaw member.
8. The method of cutting tissue of claim 7, wherein the
providing includes the blade includes a blade bar and the
cutting edge is disposed at a distal end of the knife bar.

9. The method of cutting tissue of claim 8, wherein the
providing includes the blade channel configured to slideably
receive a portion of the blade bar including a bottom edge
thereof.

10. The method of cutting tissue of claim 7, wherein the
providing includes the third jaw member configured to be
controllably movable from a first configuration, wherein an
upper surface of the third jaw member is substantially copla-
nar with upper surfaces of the first and second jaw members,
to a second configuration, wherein the upper surface of the
third jaw member is disposed below a plane defined by the
upper surfaces of the first and second jaw members.

11. The method of cutting tissue of claim 7, wherein the
providing includes the third jaw member configured to be
controllably movable from a first configuration, wherein an
upper surface of the third jaw member is substantially copla-
nar with upper surfaces of the first and second jaw members,
to a third configuration, wherein the upper surface of the third
Jjaw member is disposed above a plane defined by the upper
surfaces of the first and second jaw members.

12. The method of cutting tissue of claim 7, wherein the
providing includes the electrosurgical instrument further
includes a knife cover protruding outwardly of an outer cir-
cumferential surface of the elongated shaft.

13. The method of cutting tissue of claim 7, wherein the
providing includes the end-effector assembly configured to
controllably move the first and second jaw members laterally
towards the third jaw member to progressively tension tissue
overlying the upper surface of the third jaw member.
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