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ELECTROSURGICAL FORCEPS WITH TRANSLATING BLADE DRIVER

Matthew C. Mille
David A, Wit

BACKGROUND

16801} A variety of surgical instruments include a tissuc cutting clement and one or more
clements that transmit radio frequency (RF) energy to tissue (e.g., to coagulate or scal the
tissuc).  An cxample of such an clectrosurgical instrument is the ENSEAL® Tissue
Sealing Device by Ethicon Endo-Surgery, Inc., of Cincinnati, Ohio. Further examples of
such devices and related concepts are disclosed in US. Pat. No. 6,500,176 entitied
“Electrosurgical Systems and Technigues for Scaling Tissue,” issued December 31, 2002,
the disclosure of which is incorporated by reference hercin, U.S. Pat. No. 7,112,201
entitied “Electrosurgical Instroment and Method of Use,” issued September 26, 2006, the
disclosure of which is incorporated by reference herein; U.S. Pat, No. 7,125,409, entitied
“Blectrosurgieal Working End for Controlled Energy Delivery,” issued October 24, 2006,
the disclosure of which s incorporated by reference herein; U.S. Pat. No. 7,169,146
entitled “Electrosurgical Probe and Method of Use,” issued January 30, 2007, the
disclosure of which is incorporated by reference herein; UK. Pat. No. 7,186,253, entitled
“Electrosurgical Jaw Structure for Controlled Energy Delivery,” issued March 6, 2007,
the disclosure of which is incorporated by reference herein; .S, Pat. No. 7,189,233,
entitied “Electrosurgical Instrument,” issued March 13, 2007, the disclosure of which 1s
incorporated by reference herein; US. Pat. No. 7.220,951, entitled “Surgical Sealing
Surfaces and Methods of Use,” issued May 22, 2007, the disclosure of which 1s
mcorporated by reference heretn; U.S. Pat. No. 7,309,849, entitled “Polymer
Compaositions Exhibiting a PTC Property and Methods of Fabrication,” issued December
18, 2007, the disclosure of which is incorporated by reference herein, U.S. Pat. No.
7,311,709, entitled “Elcctrosurgical Instrument and Method of Use,” issued December
25, 2007, the disclosure of which is incorporated by reference herein; U.S. Pat. No.

.

,354 440, entitled “Electrosurgical Instrument and Method of Use,” issued April &,

~J3
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2008, the disclosure of which s incorporated by reference hereing US. Pat. No.
7,381,209, entitled “Electrosurgical Instrument,” issued June 3, 2008, the disclosure of

which is incorporated by reference herein,

{08002} Additional examples of clectrosurgical cutting instruments and related concepts
arc disclosed in U.S. Pub. No. 2011/008721&, entitled “Surgical Instrument Comprising
First and Sccond Drive Systems Actuatable by a Common Trigger Mechanism,”
published April 14, 2011, the disclosure of which 18 incorporated by reference herein
U.S. Pub. No. 2012/0083783, cntitled “Surgical Instroment with Jaw Member,” published
April 5, 2012, the disclosure of which 18 incorporated by reference herein; U.S. Pub. No.
2012/0116379, cntitied “Motor Driven Electrosurgical Device with Mechanical and
Electrical Feedback,” published May 10, 2012, the disclosure of which is incorporated by
reference herein; ULS. Pub. No. 2012/0078243, entitled “Control Features for Articulating
Surgical Device,” published March 29, 2012, the disclosure of which is incorporated by
reference herem:; U.S. Pub. No. 2012/0078247, entitled “Articolation Joint Features for
Articulating Surgical Device,” published March 29, 2012, the disclosure of which is
mcorporated by reference herein; US. Pub. No. 2013/0030428, entitled “Surgical
Instroment with Multi-Phase Trigger Bias,” published January 31, 2013, the disclosure of
which is incorporated by reference herein; and UK. Pub. No. 2013/0023868, entitled
“Surgical Instrument with Contained Dual Helix Actuator Assembly,” published January

31, 2013, the disclosure of which is incorporated by reference herein.

{0083} While a variety of surgical instruments have been made and used, it 1s believed
that no one prior to the jnventors has made or used the invention described in the

appended claims.,
BRIEF DESCRIPTION OF THE DRAWINGS

[0004] While the specification concludes with claims which particularly point out and
distinctly claim this technology, it is believed this technology will be better understood
from the following description of certain ¢xamoples faken in conjunction with the
accompanying drawings, in which like reference mumerals identify the same clements and

in which:
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{0085} FIG. 1 depicts a side clevational view of an exemplary clectrosurgical medical
instrument;
{0606} FIG. 2 depicts a perspective view of the end effector of the instrument of FIG. 1,

in an open configuration;

{0087} FIG. 3 depicts another perspective view of the end effector of the instrument of

FIG. 1, in an open configuration;

{B008] FIG. 4 depicts a cross-sectional end view of the end effector of FIG. 2, in a closed

contfiguration and with the blade in a distal position;

{0009} FIG. 5 depicts a partial perspective view of the distal ond of an cxemplary

alternative firing beam suitable for incorporation in the instrument of FIG. 1;

{60016} FIG. 6A depicts a side elevational view of an exemplary electrosurgical forceps

variation of the instrument of FIG. 1 in a closed position;

180011} FIG. 6B depicts a side elevational view of the electrosurgical forceps of FIG. 6A

in an open position;

{60612} FIG. 7A depicts a side cross-sectional view of the electrosurgical forceps of FIG.

6A, showing an exemplary knife activation apparatus in a first position;

{83013} FIG. 78 depicts a side cross-sectional view of the clectrosurgical forceps of FIG.

64, showing the exemplary knife activation apparatus of FEG. 7A in a second position;

{60614} FIG. 8A depicts a side cross-sectional view of another exemplary electrosurgical
forceps variation of the instnmment of FIG. 1, showing an exemplary alternative knife
activation apparatus in a first position;

{60015] FIG. 8B depicts a side cross-sectional view of the electrosurgical forceps of FIG.
8A, showing the knife activation apparatus of FIG. 8A in a second position;

{80016} FIG. 9A depicts a side cross-sectional view of yet another exemplary
electrosurgical forceps variation of the mstrument of FIG. 1, showing another exemplary

alternative knife activation apparatus in a first position; and
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160017] FIG. 98 depicts a side cross-sectional view of the clectrosurgical forceps of FIG.

9A, showing the knife activation apparatus of FI(G. 9A in a second position.

{60018} The drawings arc not intended to be limiting in any way, and it is contemplated
that various embodiments of the technology may be carried out in a varicty of other ways,
including those not necessarily depicted in the drawings. The accompanying drawings
incorporated in and forming a part of the specification illustrate several aspects of the
present technology, and together with the description serve to cxplain the principles of
the technology; it being understood, however, that this technology is not limited to the

precise arrangements shown.
DETAILED DESCRIPTION

{60619} The folowing description of certain examples of the technology should not be
used to limit its scope. Other cxamples, features, aspects, embodiments, and advantages
of the techunology will become apparent to those skilled in the art from the following
description, which is by way of illustration, one of the best modes contermaplated for
carrying out the technology. As will be realized, the technology described hercin is
capable of other different and obvious aspects, all without departing from the technology.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive,

100020} It is further understood that any one or more of the teachings, expressions,
embodiments, examples, ctc. described herein may be combined with any onc or more of
the other teachings, expressions, embodiments, examples, ete. that are described herein,
The following-~described teachings, expressions, embodiments, examples, cte. should
therefore not be viewed in isolation relative to cach other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herein. Such modifications and variations are

intended to be included within the scope of the claims.

{00021} For clarity of disclosure, the terms “proximal” and “distal” are defined herein
relative 0 a surgeon or other operator grasping a surgical ijnstrument having a distal

surgical end effector. The term “proximal” refers the position of an clement closer to the
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surgeon or other operator and the term “distal” refers to the position of an clement closer
to the surgical end cffector of the surgical instrument and further away from the surgeon

or ather operator.
180022} I Exemplary Electrosurgical Device with Articulation Feature

1883023} FIGS. 1-4 show an exemplary clectrosurgical instrument {10} that is constructed
and operable in accordance with at least some of the teachings of US. Pat. No.
6,500,176, U.S. Pat. No. 7,112,201; U.S. Pat. No. 7,125,409, U.S. Pat. No. 7,169,146;
LS. Pat. No. 7,186,253; U.S. Pat. No. 7,189,233; U.S. Pat. No. 7,220,951; U.S. Pat. No.
7.309,849; U.S. Pat. No. 7,311,709; U.S. Pat. No. 7,354,440; U.S. Pat. No. 7,381,209,
U.S. Pub. No. 2011/0087218; U.S. Pub. No. 2012/0083783; U.S. Pub. No.
2012/0116379; U.S. Pub. No. 2012/0078243; U.S. Pub. No. 2012/0078247; U.S. Pub.
No. 2013/0030428; and/or U.S. Pub. No. 2013/0023868. As described therein and as will
be described in greater detail below, clectrosurgical instrument (10} is operable to cut
tissue and secal or weld tissue {e.g., a blood vessel, cte.) substantially simultancously. In
other words, clectrosurgical instrument (10) operates similar to an cndocutter type of
stapler, except that clectrosurgical instrument (10) provides tissuc welding through
application of hipolar RF encrgy instead of providing lines of staples o join tissue, It
should also be understood that electrosurgical instrument (10} may have varions
structural and functional similarities with the ENSEAL® Tissue Secaling Device by
Ethicon Endo-Surgery, Inc., of Cincinnati, Ohio. Furthermore, electrosurgical instrument
(10} may have various structoral and functional similaritics with the devices taught in any
of the other references that are cited and incorporated by reference herein. To the extent
that there is some degree of overlap between the teachings of the references cited herein,
the ENSEAL® Tissue Scaling Device by Ethicon Endo-Surgery, Inc., of Cincinnati,
(hio, and the following teachings relating to clectrosurgical instrument (10}, there is no
intent for any of the description herein to be presumed as admitted prior art. Several
teachings below will in fact go beyond the scope of the teachings of the references eited
herein and the ENSEAL® Tissue Scaling Device by Ethicon Endo-Surgery, Inc., of

Cincinnati, Ohio,

{60624} A, Exemplary Handpiece and Shaft
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{80025} Electrosurgical instrument {10} of the present example inchades a handpicce (20},
a shaft {30) extending distaily from handpicee (20}, and an ond effector (40) disposed at a
distal end of shaft (30). Handpicce (20} of the present example includes a pistol grip
(22}, a pivoting trigger {24), an activation button {26}, and an articulation control (28},
Trigger (24} is pivotable toward and away from pistol grip (22) to seloctively actuate end
cffector (40) as will be described in greater detail below.  Activation button (26) is
operable to sclectively activate RF circuitry that is in communication with end effector
(403}, as will also be described in greater detail below. In some versions, activation button
(26} also serves as a mechanical lockout against trigger (24), such that trigger (24) cannot
be fully actuated unless button (26) is being pressed simultancously. Examples of how
such a lockout may be provided are disclosed in one or more of the references cited
herein. In addition or in the alternative, trigger (24} may serve as an electrical and/or
mechanical lockout against button (26), such that button (26) cannot be effectively
activated unless trigger (24) is being squeerzed simultancously. It should be understood
that pistol grip (22), trigger (24), and bution (26) may be modified, substituted,
supplemented, cte. in any suitable way, and that the descriptions of such components

herein are merely Hustrative.

{00026} Shaft (30} of the present example includes a rigid outer sheath (32) and an
articulation section {36). Articulation section (36} is operable to selectively laterally
deflect end effector (40} at vartous angles relative 1o the longitudinal axis defined by
sheath {32}, In some versions, articnlation section {36} and/or some other portion of
outer sheath {32} includes a flexible outer sheath {e.g., a heat shrink tube, etc.} disposed
about its exterior. Articulation section (36} of shaft (30) may take a varicty of forms. By
way of example only, articulation section (36} may be configured in accordance with one
or more teachings of U.S. Pub. No. 2012/007&247, the disclosure of which 1s
incorporated by reference hercin.  As another merely illustrative cxample, articulation
scction {36} may be configured in accordance with one or more teachings of U.S, Pub.
No. 2012/0078248, entitled “Articulation Joint Features for Articulating Surgical
Device,” published March 29, 2012, the disclosure of which is incorporated by reference
hercin.  Various other suitable forms that articulation section (36} may take will be

apparent to those of ordinary skill in the art in view of the teachings herein. It should
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also be understood that some versions of mstrument (10} may simply lack articulation

section {30).

{60627} In some versions, shaft (30} is also rotatable about the longitudinal axis defined
by sheath (32}, relative to handpicce {203, via a knob {34). Such rotation may provide
rotation of end effector (40) and shaft (30) unitarily. In some other versions, knob (34} is
operable to rotate end effector (40) without rotating articulation section (36} or any
portion of shaft (30} that is proximal of articulation section (36}, As another merely
tHustrative example, clectrosurgical instrument (10) may include one rotation control that
provides rotatability of shaft (30} and end cffector (40} as a single unit; and another
rotation control that provides rotatability of end cffector (40} without rotating articulation
section {36) or any portion of shatt (30) that is proximal of articulation scction (36).
Cther suitable rotation schemes will be apparent to those of ordinary skill in the art in
view of the tcachings herein. OF course, rotatable features may simply be omitted if

desired.

100028} Articulation control {28} of the present example is operable to selectively control
articulation section (36) of shatt (30}, to therchy selectively laterally deflect end etfector
(40} at various angles relative to the longitadinal axis defined by shaft (30). While
articulation control (28} is in the form of a rotary dial in the present example, it should be
understood that articulation control (28) may take mumerous other forms. By way of
example only, some merely tlustrative forms that articulation control (28) and other
components of handpiece {(20) may take are disclosed in US. Pub. No. 2012/06078243,
the disclosure of which is incorporated by reference hercin; in UL.S. Pub. No.

5

2312/0078244, entitled “Control Features for Articulating Surgical Device,” published
March 29, 2012, the disclosure of which is incorporated by reference herein; and in US.
Pub. No. 2013/0023868, the disclosure of which is incorporated by reference herein. Still
other suitable forms that articulation control {28) may take will be apparent o those of
ordinary skill in the art tn view of the teachings herein. 1t should also be understood that

somg versions of instrument (10) may simply lack an articulation control (28}.

196029} B. Exemplary End Effector
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{00038} End effector (40) of the present example comprises a first jaw (42} and a sccond
jaw (44, In the present cxample, first jaw (42} is substantially fixed relative to shaft
(30); while second jaw {44) pivots relative to shafi (30), toward and away from first jaw
{42). Usec of the term “pivot” should not be read as necessarily requiring pivotal
movement about a fixed axis. In some versions, sccond jaw (44) pivots about an axis that
is defined by a pin (or similar feature) that slides along an clongate slot or channel as
sccond jaw {44} moves toward first jaw (42). In such versions, the pivot axis translates
along the path defined by the slot or channel while second jaw (44) simultancously pivots
about that axis. It should be understood that such shiding/translating pivotal movement is
encompassed within terms such as “pivot,” “pivots,” “pivotal,” “pivotable,” “pivoting,”
and the like. Of course, some versions may provide pivotal movement of second jaw

{44} about an aas that remains fixed and does not translate within a slot or channel, cte.

{60031} In some versions, actuators such as rods or cables, efe., may extend through
sheath (32) and be joined with second jaw (44) at a pivotal coupling (43), such that
longitudinal movement of the actuator rods/cables/ete. through shaft (30) provides
pivoting of second jaw (44) relative to shaft (30) and relative to first jaw (42). Of course,
jaws (42, 44 may mstead have any other suitable kind of movement and may be actuated
in any other suitable fashion. By way of example only, and as will be described in
greater detail below, jaws {42, 44) may be actuated and thus closed by longitudinal
transiation of a firing beam (68}, such that actustor rods/cables/ete. may simply be

climinated in some versions.

{00032} As best seen in FIGS. 2-4, first jaw (42} defines a longitudinally extending
clongate slot (46); while second jaw (44) also defines a longitudinally extending elongate
slot (48). In addition, the top side of first jaw {42) presents a first electrode surface (503;
while the underside of second jaw (44} presents a second electrode surface (52).
Electrode surfaces (504, 52) are in communication with an electrical source (80} via one or
more conductors (not shown) that extend along the length of shaft (333  These
conductors are coupled with electrical source (80) and a controlier (82) via a cable {&4)},
which cxtends proximally from handpiece (20). Electrical source (80} is operable to

detiver RF energy to first electrode surface (50} at an active polarity while sccond
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clectrode surface {52) serves as a reference/return passive clectrode, such that RF current
flows between electrode surfaces (53¢, 52} and thereby through tissuc captured between
jaws {42, 44). There are instances where the active signal crosses zero potential that the
reference is gt the same potential so there is no current flow. In some versions, firing
beam {60) serves as an electrical conductor that cooperates with electrode surfaces (50,
523 {e.g., as a ground return} for delivery of bipolar RF energy captured between jaws
(42, 44). Electrical source {80} may be external to electrosurgical instrument (10} or may
be imtcgral with electrosurgical instrument (10) (c.g., in handpicce (20}, cte.), as
described in one or more referer cited herein or otherwise., A controller (82) regulates
delivery of power from electrical source (80) to clectrode surfaces (50, 52). Controller
(82} may also be cxternal to electrosurgical jnstrument (10) or may be integral with
electrosurgical instrament (10) {¢.g., in handpicce (20), etc.), as described n one or more
references cited herein or otherwise. It should also be understood that electrode surfaces
(50, 52y may be provided in a variety of alternative locations, configurations, and

relationships.

(060033} By way of example ouly, power source (80} and/or coniroller (82) may be
configured in accordance with at least some of the teachings of U.S. Provisional Pat,
App. No. 61/550,768, cotitled “Medical Instrument,” filed October 24, 2011, the
disciosure of which is incorporated by reference herein; US. Pub. No. 2011/0082486,
entitled “Devices and Techniques for Cuiting and Coagulating Tissue,” published April
7, 2011, the disclosure of which is incorporated by reference hercin; U.S. Pub. No.
2811/0087212, entitled “Surgical Generator for Ultrasonie and Electrosurgical Devices,”
published April 14, 2011, the disclosure of which is incorporated by reference herein;
U.S. Pub. No. 2011/0087213, entitled “Surgical Generator for Ultrasonic  and
Electrosurgical Devices,” published April 14, 2011, the discloswre of which is
incorporated by reference herein; US. Pub. No. 2011/0087214, entitled “Surgical
Generator for Ultrasonic and Electrosurgical Devices,” published April 14, 2011, the
disclosure of which is incorporated by reference herein; U.S. Pub. No. 201 1/0087215,
entitled “Surgical Generator for Ultrasonic and Electrosurgical Devices,” published April
14, 2011, the disclosure of which is incorporated by reference herein; UK. Pub. No.

2011/0087216, entitled “Surgical Generator for Ultrasonic and Electrosurgical Deviges,”
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published April 14, 2011, the disclosure of which is incorporated by reference herein;
and/or U.S. Pub. No. 2011/0087217, entitled “Surgical Gencerator for Ultrasonic and
Elccrosurgical Devices,” published Aprib 14, 2011, the disclosure of which is
incorporated by reference herein.  Other suitable configurations for power source (80)
and controller (82) will be apparent to those of ordinary skall in the art in view of the

tcachings herein,

[60034] As best seen in FIG. 4, the lower side of first jaw (42} includes a longitudinally
extending recess (58) adjacent to slot (46); while the upper side of second jaw (44)
includes a longitudinally cxtending recess (59) adjacent to slot (48). FIG. 2 shows the
upper side of first jaw (42} including a plurality of tecth serrations {46). It should be
understood that the lower side of second jaw {44) may include complementary serrations
that nest with serrations {46}, to enhance gripping of tissue captured between jaws (42,
44y without necessarily tearing the tissue. In other words, it should be understood that
serrations may be generally blunt or otherwise atraumatic. FIG. 3 shows an example of
serrations {46) in first jaw (42) as moainly recesses; with serrations (48) 1n second jaw (44)
as mainly protrusions. Of course, serrations (46, 48) may take any other suitable form or
may be simply omitted altogether. Tt should also be understood that serrations (46, 48)
may be formed of an electrically non-conductive, or insulative, material, such as plastic,
glass, and/or ceramic, for example, and wmay inclode a treatment such as
polvtetrafhuoroethyviene, a lubricant, or some other treatment to substantially prevent
fissue from getting stuck to jaws {42, 44). In some versions, serrations {46, 48) arc

electrically conductive.

{B0635] With jaws (42, 44} in a closed position, shaft (30} and end effector (40) are sized
and configured to it through trocars having various inner diameters, such that
electrosurgical instrument (10} 1s usable in minimally invasive surgery, though of course
electrosurgical instrument {10} could also be used in open procedures if desired. By way
of example only, with jaws {42, 44} 0 a closed position, shaft {30} and end effector (40)
may present an outer diameter of approximately 5 mm. Alternatively, shaft (30) and end
effector {40 may present any other suitabic outer diameter (¢.g., between approximately

2 mm and approximately 20 mm, etc.}.

10
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183036} As another merely iliustrative variation, cither jaw (42, 44) or both of jaws (42,
44y may include at least onc port, passageway, conduit, and/or other feature that is
operable to draw steam, smoke, and/or other gases/vapors/ete. from the surgical site.
Such a feature may be in communication with a source of suction, such as an external
source or a source within handpicce (20), ctc. In addition, end cffector (40) may include
one or more tissuc cooling featurcs (not shown) that reduce the degree or extent of
thermal spread causced by end effector (40} on adjacent tissue when clectrode surfaces
(50, 52} arc activated. Various suitable forms that such cooling features may take will be

apparcnt to those of ordinary skill in the art in view of the teachings hercin.

{00037} In some versions, end cffector (40} includes one or more sensors {not shown} that
arc configured to sense a varicty of parameters at end effector (40), including but not
limited to temperature of adjacent tissuc, clectrical resistance or impedance of adjacent
fissue, voltage across adjacent tissue, forces exerted on jaws (42, 44} by adjacent tissue,
eic. By way of example only, end effector (40} may include one or more positive
temperature coefficient (PTC) thermistor bodies (54, 56) (e.g., PTC polymer, eic.},
located adjacent to electrodes (50, 523 and/or elsewhere. Data from sensors may be
communicated to controlier {82). Controller {82} may process such data in a variety of
ways., By way of example only, controller {82} may modulate or otherwise change the
RF energy being delivered to electrode surfaces {50, 52}, based at least in part on data
acquired from one or more sensors at end effector (403, In addition or in the alternative,
controller (823 may alert the user to one or more conditions via an audio and/or visual
feedback device {c.g., speaker, lights, display screen, ete.), based at least in part on data
acquired from one or more sensors at end effector (40}, It should also be understood that
some kinds of sensors need not necessarily be in communication with controller {82}, and
may simply provide a purely localized effect at end cffector (40}, For instance, a PTC
thermistor bodics (54, 56} at end cffector {40} may automatically reduce the energy
delivery at electrode surfaces (50, 52) as the temperature of the tissue and/or end effector
(40} increases, thereby reducing the likelihood of overheating. 1n some such versions, a
PTC thermistor element is in series with power source {80} and clectrode surface {50,
52, and the PTC thermistor provides an increased impedance (reducing flow of current)

in response o temperatures cxceeding a threshold. Furthermore, it should be understood
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that clectrode surfaces {50, 52) may be used as sensors {(€.g., to sense tissuc impedance,
ete.}. Various kinds of sensors that may be incorporated into electrosurgical instrument
(10} will be apparent to those of ordinary skill in the art in view of the teachings herein.
Similarly various things that can be done with data from sensors, by controller {82} or
otherwise, will be apparent to those of ordinary skill in the art in view of the teachings
herein.  Other suitable variations for end effector (40) will also be apparent to those of

ordinary skill in the art in view of the tcachings herein.
100038} C. Exemplary Firing Beam

{60839} As also seen in FIGS. 2-4, clectrosurgical instrument (10} of the present example
includes a firing beam (60) that is longitudinally movable along part of the length of end
cffector (40). Firing beam (60) is coaxially positioned within shaft (30), extends along
the length of shaft (30), and translates longitudinally within shaft (30} (including
articulation section {36) in the present example), though it should be understood that
firing beam (60) and shaft (30} may have any other suitable relationship. In some
versions, a proximal end of firing beam (60} is secured to a firing tube or other structure
within shaft (30}; and the firing tube or other structure cxtends through the remainder of
shatt (30} to handpiece (20) where 1t 1s driven by movement of trigger (24). Firing heam
(60} includes a sharp distal blade (64}, an upper Hange (62}, and a lower flange (66). As
best seen in FIG. 4, distal blade (64) extends through slots (46, 48) of jaws (42, 44}, with
upper Hange (62) being located above jaw (44) in recess {(59) and lower flange (66) being
located below jaw (42} in recess (58). The configuration of distal blade {64) and flanges
(62, 66) provides an “I-beam” type of cross section at the distal end of firing beam {60).
While flanges (62, 66) extend longitudinally only along a small portion of the length of
firing beam (68} in the present example, it should be understood that flanges (62, 66) may
extend longitudinally along any suitable length of firing beam (683, In addition, while
flanges (62, 66} are positioned along the exterior of jaws (42, 44), flanges (62, 66) may
alternatively be disposed in corresponding slots formed within jaws (42, 44). For
instance, cach jaw {42, 443 may define a “T7-shaped slot, with parts of distal blade (64)
being disposed in one vertical portion of cach “T7-shaped slot and with flanges (62, 66}

being disposed in the horizontal portions of the “T7-shaped slots. Various other suitable
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contfigurations and relationships will be apparent to those of ordinary skill in the art in

view of the teachings herein.

1668401 Dhistal blade (64) is substantially sharp, such that distal blade (64} will readily
scver tissuie that is captured between jaws (42, 44). [Dhstal blade (64} is also clectrically
grounded in the present example, providing a return path for RF cnergy as described

cisewhere herein. In some other versions, distal blade (64) serves as an active clectrode.

{00041} The “I-beam” type of configuration of firing beam (60} provides closure of jaws
(42, 44} as firing beam (60} is advanced distally. In particular, flange {62) urges jaw (44)
pivotally toward jaw (42) as firing beam (60} is advanced from a proximal position
(FIGS. 1-3) to a distal position (FIG. 4}, by bearing against recess (59) formed in jaw
(44). This closing effect on jaws (42, 44) by firing beam (60) may occur before distal
blade {04) reaches tissue captured between jaws (42, 44). Such staging of encounters by
firing beam (60} may reduce the force reguired to squecze trigger (24) to actuate firing
beam (60) through a full firing stroke. In other words, in some such versions, firing beam
(60) may have already overcome an inttial resistance required to substantially closc jaws
(42, 44y on tissue before encountering resistance from severing the tissue captured

between jaws (42, 44}, Of course, any other suitable staging may be provided.

100042} In the present example, flange (62) is configured to cam against a ramp feature at
the proximal end of jaw {44) to open jaw (44) when firing beam (60} is retracted to a
proximal position and to hold jaw (44) open when firing beam (60) remains at the
proximal position. This camming capability may facilitate use of end effector (40) to
separate layers of tissue, to perform blunt dissections, ctc., by forcing jaws (42, 44) apart
from a closed position. In some other versions, jaws (42, 44) are resiliently biased to an
open position by a spring or other type of resilient feature. While jaws (42, 44) close or
open as firing beam (60} is translated in the present example, it should be understood that
other versions may provide independent movement of jaws (42, 44) and firing beam (60).
By way of example only, one or more cables, rods, beams, or other features may extend
through shaft (30} to selectively actnate jaws (42, 44) independently of firing beam (60).
Such jaw (42, 44} actuation features may be separately controlled by a dedicated feature

of handpicce (20},  Alternatively, such jaw actuation features may be controlied by
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trigger (24} in addition to having trigger {24) control firing beam (60). It shouid also be
understood that firing beam (60} may be resiliently biased to a proximal position, such

that firing beam (60) retracts proximally when a user relaxes their grip on trigger (24).

1883043} FIG. 5 shows an exemplary alternative firing beam (70}, which may be readily
substituted for firing beam {60). In this example, firing beam (70} comprises a blade
insert {94} that is interposed between two beam plates (90, 92). Blade insert (94)
includes a sharp distal edge (96), such that blade insert (94) will readily scver tissue that
is captured between jaws (42, 44). Sharp distal edge (96) is cxposed by a proximally
extending recess {93) formed in plates (80, 92). A sct of pins (72, 74, 76) arc
transversely disposed in plates (90, 92). Pins (72, 74) together effectively serve as
substitutes for upper flange (62); while pin (76) effectively serves as a substitute for
lower flange (66). Thus, pins {72, 74) bear against channel (59} of jaw (44}, and pin (76)
hears against channel (58) of jaw {42}, as firing beam (70) is translated distally through
slots (46, 48). Pins (72, 74, 76} of the present exarople are further configured to rotate
within plates {30, 92), about the axes respectively defined by pins (72, 74, 76). 1t should
be understood that such rotatability of pins (72, 74, 76) may provide reduced friction with
jaws {42, 44), thercby reducing the force requived to translate firing beam (70) distally
and proximally in jaws (42, 44). Pin (72) is disposed in an angled clongate slot {98)
formed through plates (90, 923, such that pin (72} is translatable along slot (98). In
particular, pin (72) is disposed in the proximal portion of slot (9%) as firing beam (70) is
being translated distally. When firing beam {70} is transiated proximally, pin (72} slides
distally and upwardly in slot (98), increasing the vertical separation between pins (72,
763, which in turn reduces the compressive forces applied by jaws (42, 44) and thereby
reduces the force requured to retract firing beam (703, Pins (72, 74, 76} may be pinged,
upended, or otherwise configured to provide further retention in the body of firing beam
(70). Of course, firing beam (70} may have any other suitable configuration. By way of
example only, firing beam (70) may be configured in accordance with at least some of the
tcachings of U.S. Pub. No. 2012/0083783, the disclosure of which is incorporated by

reference herein.

183044} D Exemplary Operation
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83045} In an excmplary use, end cffector (40) is inserted into a pationt via a trocar.
Articulation section (36) is substantially straight when end cffector (40} and part of shaft
(30} arc inserted through the trocar. Articulation control {28) may then be manipulated to
pivot or flex articulation section {36) of shaft (30) in order to position end effector {40) at
a desired position and orientation relative to an anatomical structure within the patient,
Two layers of tissuc of the anatomical structure are then captured between jaws (42, 44)
by squeezing trigger (24) toward pistol grip (22). Such lavers of tissuc may be part of the
same natural lomen defining anatomical structore (e.g., blood wvessel, portion of
gastrointestinal tract, portion of reproductive system, ¢fc.) in a paticnt. For instance, onc
fissue laver may comprise the top portion of a blood vessel while the other tissue layer
may comprise the bottom portion of the blood vessel, along the same region of length of
the blood vessel (e.g., such that the fluid path through the blood vessel before use of
electrosurgical instrument (10) is perpendicular to the longitudinal axis defined by end
effector (40}, ¢te). In other words, the lengths of jaws (42, 44} may be oviented
perpendicular to {or at least generally transverse (o) the length of the blood vessel. As
noted above, flanges (62, 66) cammingly act to pivol jaw (42} toward jaw (44) when
firing beam (60} 1s actuated distally by squeezing trigger (24) toward pistol grip (22).
Jaws (42, 44} may be substantially clamping tissue before trigger {24) has swept through
a full range of motion toward pistol grip (22), such that trigger (24} may continue
pivoting toward pistol grip (22) through a subsequent range of motion after jaws {42, 44)

have substantiaily clamped on the tissue.

{60046} With tissue lavers captired between jaws (42, 44} firing beam (60} continues {0
advance distally by the user squeezing trigger (24) further toward pistol grip (223, As
firing beam {60} continues to advance distally, distal blade (64} simultancously severs the
clamped tissue layers, resulting in scparated upper layer portions being apposed with
respective separated lower layer portions. In some versions, this results in a blood vessel
being cut in a direction that is gencrally transverse to the length of the blood vessel It
should be understood that the presence of tlanges (62, 66} immediately above and below
jaws (42, 44}, respectively, help keep jaws (42, 445 in a closed and tightly clamping
position. In particular, flanges {62, 66) help maintain a significantly compressive force

between jaws {42, 44). With severed tissue layer portions being compressed between
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jaws (42, 443, bipolar RF cnergy is applicd to the tissue through clectrode surfaces (56,
52} by the user depressing activation button (263, Thus, a bipolar RF current tlows
through the compressed regions of severed tissue layer portions. The bipolar RF cnergy
delivered by power source (80} ultimately thermally welds the tissue layer portions on
onc side of firing beam {(60) together and the tissue layer portions on the other side of

firing beam {60} together.

160047} In certain circumstances, the heat generated by activated clectrode surfaces (50,
52} can denaturc the collagen within the tissue layer portions and, in cooperation with
clamping pressure provided by jaws (42, 44), the denatured collagen can form a scal
within the tissue layer portions. Thus, the severed cnds of the natural lumen defining
anatomical structure arc hemostatically sealed shut, such that the severed ends will not
leak bodily fluids. In some versions, clectrode surfaces (50, 52) may be activated with
hipolar RF energy before firing beam (60) cven begins to franslate distally and thus
before the fissoe s even severed. For instance, such timing may be provided in versions
where button (26) serves as a mechanical lockout relative to trigger (24) in addition o
serving as a switch between power source {80) and electrode surfaces (30, 52). Other
suitable ways in which instrument (13) may be operable and operated will be apparent o

those of ordinary skill in the art in view of the teachings herein,

{00048} 1L Exemplary Electrosurgical Forceps
{00049} As a variation of instrument (10} discussed above, instrument (10) may be

arranged as an clectrosurgical forceps. For mstance, handpiece (20) may be reconfigured
from a pistol grip configuration to a scissor grip configuration. In addition, shafi (30}
may be reconfigured as a pawr of pivoting scissor arms.  Various cxamples of how
nstroment (10) may be reconfigured as an clectrosurgical forceps will be described in
greater detail below; while other examples will be apparent to those of ordinary skill in
the art according to the teachings herein. It should be understood that the electrosurgical
forceps examples described below may function substantially similar to tnstrument (10)
described above. o particular, the electrosurgical forceps described below may be used
1o grasp and clamp tissue, scal the tissue with bipolar RF energy, and cut the tissue with a

translating firing beam.
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83050} One merely excemplary variation of an clectrosurgical forceps {108} is shown in
FIG.S 6A-7B. Forceps (100} of the present example comprise a body (120), a lever
(110}, an end effector (130), and a trigger (140}, End cffector {130} 15 disposced at a distal
end of body (120). Body (120) of the present example includes a grip {(122) at a proximal
end of body (120}, Lever (110} of the present example includes a grip (112) at a
proximal ond of lever (110}, Lever (110} is pivotable toward and away from body (120)
to selectively open and close end effector (130) as will be described in greater detail
below. An activation button {142) is operable to sclectively activate RF circuitry that is
in communication with cnd cffector (130), as will also be described in greater detail
helow. In some versions, button (142} also serves as a mechanical lockout against trigger
(140}, such that trigger (140) cannot be actuated unless button (142) is being pressed
simultancously.  As shown in FIG. 6A-68, trigger (140) 15 shidably disposed with an
clongate slot {124} of body (120). Tt should be understood that trigger (140} may shide
longitudinally relative to body (120} within clongate slot (1243, Longitudinal channels
(not shown), although not necessary, may be defined within the internal surface of
clongate slot {124) such that trigger (140) may be guided within the longitudinal
channels. Forceps (100} may be coupled with an electrical source (not shown) and a

controller {(not shown) via a cable (130}, which extends proximally from body (120},

{00051} A, Exemplary End Effector
{00052} End effector (130) of the present example comprises a first jaw (134) and a

second jaw (132}, First jaw {134) is configured to operate substantially simular to first
jaw (42} as discussed above with refercnce to instrument (10} and second jaw (132} is
configured to operate substantially simular to second jaw (44) as discussed above with
reference to instrument (10}, except for the differences discussed below. In the present
example, second jaw {132) s substantially fixed relative to body {120); while first jaw
(134) pivots relative to body (120), toward and away from second jaw (132). Lever {110)
is configured to pivot about an axis that is defined by a pin {or similar feature) (136}
First jaw (134} also pivots about the axis that is defined by pin (136}, As shown in FIG.
6B, first jaw (134} is coupled to lever (114} at a distal end of lever (110} such that as

fever (110} pivots about the axis that is defined by pin (136), first jaw (134} pivots as
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well, During an cxemplary operation, lever {110) may drive first jaw (134} from a closed
position as shown in FIG. 6A, to an open position as shown in FIG. 6B, and back to the
closed position as shown in FIG. 6A. In some versions, lever (110} also serves as a
mechanical lockout against trigger (140} and/or button (142), such that trigger (140)
and/or bution {142) cannot be actuated unless lever (110) is in the closed position as

shown in FIG. 6A.

{00053 B. Exemplary Firing Beam
{60054 i. Exemplary Activation Apparatus
{60055] As scen in FIGS, 7A-7B, forceps {100} of the present example inchide a firing

beam (162} that is longitudinally movable along part of the length of end effector (130).
Firing beam {162) is configured to operate substantially similar to firing beam (78} as
discussed above with reference to instrument {10). Firing beam (162} is positioned
within body (120} and translates longitudinally within body (120). Firing beam (162)
comprises a proximal portion (167} and a distal portion (190}, Distal portion (190) of
firing beam (162} comprises a blade insert (194} having a sharp distal edge (196} such
that blade insert (194) will readily sever tissue that is captured between first jaw (134}
and sccond jaw {132} as firing beam (162) is advanced distally., Firing beam (162)
presents a first slot (161} within proximal portion (167} and a sccond slot (163} within
distal portion {(190). Body (120} presents a first pin (121) and a second pin (123). Pins
(121, 123} are shdably disposed within respective slots (161, 163) such that firing heam
(162} roay slide longitudinally within body (120}, Although the present example otilizes
slots (161, 163) and pins (121, 123) to guide firing beam (162}, it should be understood
that other methods of guiding firing beam (162) may be utilized and would be apparent to
those of ordinary skill in the art in view of the teachings herein. For instance, body {120)

may present a series of channels (not shown} within which firing beam (162} could slide.

100056} As shown in FIG. 7A, proximal portion {167) of firing beam (162} also comprises
a plorality of teeth (164) that form a rack. A gear (166) s disposed within body (120}
and rotates about a third pin (125). Gear (166} comprises a phurality of teeth (169}

Teeth (169) of gear (166) engage teeth (164) of firing beam {162} in a rack and pinion
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relationship. An clongate member {144) extends distally from trigger (140). Elongate
member (144} presents a third slot (145). Body (120} presents a fourth pin (127). Fourth
pin {127} is slidably disposed within third siot (145) such that clongatc member (144)
may slide longitudinally within body (120}, Although the present example utilizes slot
(145} and pin (127} to guide clongate member (144}, it should be understood that other
methods of guiding clongate member (144) may be utilized and would be apparent to
those of ordinary skill in the art in view of the teachings herein, For instance, body (120}
may present a channel within which elongate member (144} could slide.  Elongate
member (144) comprises a plurality of teeth (146, Tecth (169) of gear (166) engage
teeth (146) of clongate member (144) in a rack and pinion relationship. As shown in
FIG. 7A, teeth (164) of firing beam (162) and tecth (146} of elongate member (144)
engage teeth (169} of gear (166} on opposites sides of gear (166). Therefore, it should be
understood that longitadinal movement of elongate member {144) in a first direction will

cause longitudinal roovement of firing beam (162) in a second divection.

{00057} As discussed above, trigger (140} may slide longitudinally relative to body (120)
within elongate slot (124). Dnitially, trigger (140) remains in a distal position as shown in
FIG. 7A. When trigger (140) is 1o this distal position, firing beam (162) remains in a
proximal position as shown in FIG. 7A. Once tissue has been captured hetween fivst jaw
{134} and second jaw (132}, the user may begin to pull trigger (140) in a proximal
direction within clongate slot (124}, As the user begins to pull trigger (140) proximally,
the force required to do so will cause button (142} to be depressed thereby cansing RF
encrgy to be delivered into the tissue captured between first jaw (134} and second jaw
(132} via electrodes in jaws {132, 134}. Therefore it should be undersiood that RF energy
will be delivered into the tissue captured between first jaw (134} and second jaw (132}
prior to the tissue being severed by blade insert (194}, As the user continues to pull
trigger (140} proximally, button (142} romains depressed and RF energy is continually

delivered to the tissuc captured between first jaw (134) and sccond jaw (132).

HHUESY As trigger (140} 1s moved into a proximal position as shown in FIG. 7B, the
longitudinal movement of trigger {140) causes clongate member (144) to be moved

proximally as well. This proximal longitudinal movement of clongatc member (144)
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causes gear {166} to be rotated in a clock-wise (CW) direction about third pin (125). This
CW rotation of gear (166} causes distal longitudinal movement of firing beam (162).
Such distal longitudinal movement of firing beam (162} will drive blade insert (194} to
sever the tissue captured between first jaw (134} and sccond jaw (132}, After the tissue
has been severed, the user may draw firing beam (162) proximally by moving trigger
(140} distally. While FIG. 7B shows a particular distance between sharp distal edge
(196} and the distal tips of jaws (132, 134} upon completion of the distal advancement
stroke of firing beam (162), it should be understood that forceps (100) may be configured
such that this distance may be reduced relative to what is shown in FIG. 78B. For
nstance, forceps (100} may be configured such that sharp distal edge (196) reaches the
distal tips of jaws (132, 134) {or a location just barcly proximal to the distal tips of jaws
{132, 134}) upon completion of the distal advancement stroke of firing heam (162). This
may reduce any likelihood of tissue between jaws (132, 134) being left unsevered upon

completion of the distal advancerent stroke of firing beam (162).

[60059] The steps of capturing tissue between first jaw {134} and second jaw (132},
severing tissue with blade insert (194), and drawing firing beam (162) from the tissue,
may be repeated as many times as desived. It should be understood that, although in the
present example the user manually draws firing beam (162) proximally from the tissue by
moving trigger {140) distally, such proximal movement of firing beam (162) may be
caused by a biasing member (not shown} which drives trigger (148) in a distal direction
once the user has released trigger (140). For instance, a8 spring, or a plurality of springs,

may be positioned to bias trigger {140) distally.

1060060} 2. First Exemplary Aliernative Activation Apparatus
{00061} An cxemplary alternative pair of electrosurgical forceps (200) is shown in FIG.

8A-8B. Forceps {200} and the components discussed below are configured to operate
substantially similar to forceps (100} discussed above except for the differences discussed
below.  As seen in FIGS. 8A-8B, forceps (200} include a firing beam (2623 that is
tongitudinally movable along part of the length of an end effector (2380). Firing beam
(262} 1s configured to operate substantially similar to firing beam (70} as discussed above

with reference to instrument (10}, Firing beam (262} is positioned within a body {220)
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and translates longitudinally within body (220}, Firing beam {262) comprises a proximal
portion (267} and a distal portion (290). Distal portion (290) of firing beam (262}
comprises a blade insert (294) having a sharp distal edge (296} such that blade insert
(294} will readily sever tissue that is captured between a first jaw (234) and a second jaw
(232) as firing beam (262} is advanced distally. Firing beam (262) presents a first slot
(261} within proximal portion (267} and a sccond slot (263) within distal portion {290}
Body (220} presents a first pin (221) and a second pin (223). Pins (221, 223) arc slidably
disposcd within respective slots (261, 263} such that firing beam (262} may slide
longitudinally within body (220). Although the present example utilizes slots (261, 263)
and pins (221, 223) to guide firing beam (262}, it should be understood that other
methods of guiding fiving beam (262) may be utilized and would be apparent to those of
ordinary skill in the art in view of the teachings herein. For instance, body (220} may

present a channel (not shown) within which firing beam (262} could shide.

{00062} As shown n FIG. 8A, proximal portion (267} of firing beam (262) comprises a
first plurahity of teeth (264A) on a first side of fiving beam (262) and a second plarality of
teeth (264B) on a second side of fiving beam (262). A first gear (266} 1s disposed within
hody (220} and rotates about a third pin (225}, First gear (266} comprises a plurality of
teeth (265}, A second gear (268} s disposed within body {220} and rotates about a fourth
pin (226}, Sccond gear {26&) comprises a phirality of tecth (269). Teeth (265) of first
gear {266} engage first plurality of teeth (264A) of firing beam (262} in a rack and pinion
relationship. Tecth (269) of second gear (268} engage teeth (264B) of firing beam (262)

in a rack and pinion relationship.

166063} A first elongate meomber (244) extends distally from a trigger (2403,  First
clongate member {244} comprises a plurality of teeth (245). Tecth {265) of first gear
(266} engage teeth (245) of first elongate member (244} in a rack and pinion relationship.
A second elongate member (246} also extends distally from trigger (240}, Sccond
elongate member (2463 comprises a plurality of teeth (247}, Teeth (269) of second gear
(268} engage tecth (247 of second clongate member (2463 in a rack and pinion
relationship. Both first clongate member (244) and second clongate member (246) are

inwardly biased toward firing beam (262) such that first clongate member (244) and
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sccond clongate member (246) remain in contact with first gear (266} and second gear
(268} respectively. This inward bias of first elongate member (244} and second elongate
member (246} allows for a distal portion of forceps (200} to have a reduced cross-
sectional arca. As shown in FIG. 8A, first plurality of teeth (264A) of firing beam (262)
and tecth (245) of first clongate member (244) engage tecth (265) of first gear (266} on
opposites sides of first gear (266}, Also as shown in FIG. 8A, sccond plurality of teeth
(264B) of firing beam {262) and tecth (247} of sccond clongate member {(246) engage
ceth (269 of sceond gear (268) on opposiies sides of second gear (268). Therefore, it
should be understood that longitudinal movement of first elongatc member (244) and
second clongate member (246) in a first direction will cause longitudinal movement of

firing beam {262) 1n a second direction,

100064} Trigger (240} may shide longitudinally relative to body (220} within an clongate
slot (224}, Inwtially, trigger (240) remains in a distal position as shown in FIG. 8A.
When trigger (240) is in this distal position, firing beam (262) remains in a proximal
position as shown in FIG. §A. Once tissue has been captured between first jaw {234) and
second jaw (232}, the user may begin to pull trigger (240) in a proximal direction within
clongate slot (224). As the user begins to pull trigger (240) proximally, the force
required to do so will cause a button (242) to be depressed thereby causing RF energy to
be delivered into the tissue captured between first jaw {234) and second jaw (232} via
electrodes in jaws (232, 2343, Therefore, it should be understood that RF energy will be
delivered into the tissue captured between first jaw (234) and second jaw (232} prior t¢
the tissue being severed by blade insert {294). As the user continues to pull trigger (240}
proximally, button (242} remains depressed and RF energy is continually delivered to the

tissue captured between first jaw (234) and second jaw {232).

180065} As trigger (240} is moved into a proximal position as shown in FIG. 8B, the
tongitudinal movement of trigger (240} causes first clongate member (244} and second
clongate member {264) to be moved proximally as well. The resilience of first clongate
member (244} and second elongate member (2463 causes first clongate member (244 and
second elongate member (246) to remain in contact with first gear {266) and second gear

(268}, respectively; while the flexibility of first clongate member {244) and second
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clongate member (246) allow first elongate member (244} and second clongate member
(246} to flex outwardly during the transition of trigger (240) from the position shown in
FIG. §A to the position shown in FIG. 8B, The proximal longitudinal movement of first
clongate member {244) causes first gear (266) to be rotated in a CW direction about third
pin {225}, The proximal longitudinal movement of second elongate member (246) causcs
second gear (268) to be rotated in a Counter-Clockwise {(CCW) direction about fourth pin
(226). The combination of CW rotation of first gear (266} and CCW rotation of sccond
gear {208) causcs distal longitudinal movement of firing beam (262).  Such distal
longitudinal movement of firing beam (262) will drive blade insert (294) to sever the
fissue captured between first jaw (234) and second jaw (232). After the tissue has been
severed, the user may draw firing beam (262) proximally by moving trigger (240)
distally. The resilience of first clongate member (244) and second clongate member
(246} causes first elongate mmember (244) and second clongate member (246) to return to

the inwardly biased position as shown in FIG, RA,

{00066} While FIG. &B shows a particular distance between sharp distal edge (296) and
the distal tips of jaws (232, 234) upon completion of the distal advancement stroke of
firing beam (262), it should be understood that forceps (200) may be configured such that
this distance may be reduced relative to what 1s shown in FIG. 8B, For instance, forceps
(200} may be configured such that sharp distal edge (296) reaches the distal tips of jaws
(232, 234) {(or a location just barely proximal to the distal tips of jaws (232, 234)} upon
completion of the distal advancement stroke of firing beam (262}, This may reduce any
likelihood of tissue between jaws {232, 234} being left unsevered upon completion of the

distal advancement stroke of firing beam (262},

{00067} The steps of capturing tissue between first jaw (234) and second jaw (232},
severing tissue with blade insert (294), and drawing firing beam (262) from the tissue,
may be repeated as many times as desired. It should be understood, that although in the
present example the user manually draws firing beam (262} proximally from the tissue by
moving trigger (240} distally, such proximal movement of firing beam (262) may be

caused by a biasing member (not shown) which drives trigger {240) in a distal direction
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once the user has released trigger (240). For instance, a spring, or a plurality of springs,

may be positioned to bias trigger (240} distally.
{83068} 3. Second Exemplary Alternative Activation Apparatus

103069 Another excmplary alternative pair of electrosurgical forceps (300} is shown in
FIG. 9A-9B. Forceps (300} and the components discussed below are configured to
operate substantially similar to forceps {100) discussed above cxcept for the differences
discussed below. As seen in FIGS. 9A-9B, forceps (300) include a firing beam (362) that
is longitudinally movable along part of the length of an end effector (330). Firing beam
(362} is configured to operate substantially similar to firing beam (70} as discussed above
with reference to instrument {14). Firing beam {362) is positioned within a body (320}
and transiates longitudinally within body (320}, Firing beam (362} comprises a proximal
portion {367} and a distal portion {390). Proximal portion (367) of firing becam (362}
includes a first arm (367A) and a sceond arm (367B). Distal portion (390} of firing beam
(362) comprises a blade insert (394) having a sharp distal edge (396) such that blade
mnsert (394} will readily scver tissuc that is captured between a first jaw {334} and a
sccond jaw {332} as firing beam (362} is advanced distally. Firing beam (362} presents a
first slot (361} within first arm (367A) of proximal portion (367} and a sccond slot (363)
within second arm {3678} of proximal portion (367). Body (320) presents a first pin
(321} and a second pin (323). Pins (321, 323} arc slidably disposed within respective
slots (361, 363) such that firing beam (362} may slide longitudinally within body (320).
Although the present example utilizes slots (361, 363) and pins (321, 323) to guide firing
bearn (362), it should be understood that other methods of guiding {iring beam (362) may
be utilized and would be apparent to those of ordinary skill in the art in view of the
teachings herein. For instance, body (320} may present a channel {not shown) within

which firing beam (362} could shide.

183870} As shown in FIG. 94, first arm (367A) of proximal portion {367) of firing beam
(362) comprises a first plurality of tecth (364A). A first gear (366) is disposed within
body (320} and rotates about a third pin (325}, First gear (366} comprises a plurality of
teeth (365}, Teeth (365) of first gear (366) engage first plurality of teeth (364 A) of firing

beam {362} in a rack and pinion relationship. Second arm (3678} of proximal portion
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(367} of firing beam (362} compriscs a sccond plurality of tecth (364B). A sccond gear
(368) is disposed within body (320) and rotates about a fourth pin (326). Sccond gear
(368) compriscs a plurality of tecth (369). Tecth (369) of second gear (368) engage tecth

(364B) of firing beam {362} of firing beam (362) in a rack and pinion relationship.

{86471} An elongate member {(344) extends distally from a trigger (340). Flongate
member (344) presents g third slot (346). Body (320) presents a fifth pin (327). Fifth pin
(327} 1s shidably disposed within third slot (346) such that clongate member {344) may
shide longitudinally within body (320}, Although the present cxample utilizes slot (346)
and fifth pin (327) to guide clongatc member (344), it should be understood that other
methods of guiding clongate member (344} may be utilized and would be apparent to
those of ordinary skill in the art in view of the teachings hercin. For instance, body (320)

may present a channel within which clongate member (344} could shide.

100072} Elongatc member (344) comprises a first plurality of tecth {345) on a first side of
clongate member {344} and a second plurality of tecth (347) on a sccond side of clongate
member (344). Tecth (363) of first gear (366) engage first plurality of tecth (345) of
clongate member (344} in a rack and pinion relationship. Teeth (369} of second gear
(368) engage second plurality of teeth (347) of clongate member (344) 1o a rack an pinion
relationship. As shown in FIG, 94, first plurality of teeth (364A) of first arm (367A) of
firing beam (362) and first plurality of tecth (345) of clongate member (344} engage tecth
(365} of first gear (366} on opposites sides of first gear (366). Also as shown in FIG. 94,
sccond plurality of teeth (364B) of second arm (367B) of firing beam (362) and tecth
(347} of clongate member (344} engage teeth (369} of second gear (368} on opposites
sides of second gear (368). Therefore, it should be understood that longitudinal
movement of elongate member (344} in a first divection will cause longitudinal

movement of firing beam (362} in a second direction.

{60673} Trigger (340} may slide longitudinally relative to body (320} within an clongate
slot (324}, Inttially, trigger (340) remains in a distal position as shown in FIG. 9A.
When trigger (340) is in this distal position, firing beam (362) remains in a proximal
position as shown in FIG. 9A. Once tissue has been captured between first jaw (334) and

second jaw {332}, the user may begin to pull trigger (340} 1n a proximal direction within
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clongate slot (324). As the user begins to pull trigger (340} proximally, the force
required to do so will cause a button {342) to be depressed thereby causing RF cnergy to
be delivered into the tissue captured between first jaw (334) and second jaw (332} via
electrodes in jaws (332, 334). Therefore it should be understood that RF energy will be
delivered into the tissue captured between first jaw (334) and second jaw (332) prior to
the tissue being severed by blade insert (394). As the user continues to pull trigger (340)
proximally, button (342) remains depressed and RF energy s continually delivered to the

tissue captured between first jaw (334) and second jaw (332).

160074] As trigger (340} is moved into a proximal position as shown in FIG. 9B, the
longitudinal movement of trigger (340) causes clongate member (344) to be moved
proximally as well. The proximal longitudinal movement of clongate member (344
causcs first gear {366} to be rotated in a CCW direction about third pin (325}, The
proximal longitudinal movement of clongate member (344} also causes second gear (368)
to be rotated 1 a CW direction about fourth pin {(326). The combination of CCW
rotation of first gear (366} and CW rotation of second gear (368) causes distal
longitudinal movement of fiting beam (362). Such distal longitudinal movement of firing
bearn (362} will drive blade insert (394) to sever the tissue captured between first jaw
(334} and second jaw (332}, After the tissue has been severed, the user may draw firing

beam {362) proximally by moving trigger (340} distally.

{00075} While FIG. 9B shows a particular distance between sharp distal edge (396) and
the distal tips of jaws (332, 334) upon completion of the distal advancement stroke of
firtng beam (362}, it should be understood that forceps (300} may be configured such that
this distance may be reduced relative to what is shown in FIG. 9B, For instance, forceps
(300} may be configured such that sharp distal edge (396) reaches the distal tips of jaws
(332, 334) {or a location just barely proximal to the distal tips of jaws {332, 334}} upon
completion of the distal advancement stroke of firing beam (362}, This may reduce any
likelihood of tissue between jaws {332, 334) being left unsevered upon completion of the

distal advancement stroke of firing beam (362},
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100076} The steps of capturing tissue between first jaw (334} and second jaw (332},
severing tissue with blade insert (394), and drawing firing beam {362} from the tissue,
may be repeated as many times as desired. It should be understood, that aithough in the
present example the user manually draws firing beam (362) proximally from the tissuc by
moving trigger (340) distally, such proximal movement of firing beam (362) may be
caused by a biasing member (not shown) which drives trigger (340) in a distal dircction
once the user has released trigger (340). For instance, a spring, or a plurality of springs,

may be positioned to bias trigger (340) distally.
180077} [HIR Miscellancous

{60078} it should be understood that any of the versions of clectrosurgical instrument {(10)
described hercin may include various other features in addition o or in licu of those
described above., By way of example only, any of the devices hercin may also inchude
onc or morc of the various features disclosed in any of the various references that arc

incorporated by reference herein.

{60079} It should also be understood that any of the devices described hercin may be
madified to include a motor or other clectrically powered device to drive an otherwise
manually moved component. Various cxamples of such maodifications are described in
U.S. Pub. No. 2012/0116379, catiticd “Motor Driven FElectrosurgical Device with
Mechanical and Electrical Feedback,” published May 10, 2012, the disclosure of which is
incorporated by reference herein, Various other suitable ways in which a motor or other
electrically powered device may be incorporated into any of the devices herein will be

apparent to those of ordinary skill in the art in view of the teachings herein,

{60080} It should also be understood that any of the devices described berein may be
modified to contain most, if not all, of the required components within the medical device
iself. More specifically, the devices described herein roay be adapied to use an internal
or attachable power source instead of requiring the device to be plugged into an external
power source by a cable. Various examples of how medical devices may be adapied to
include a portable power source are disclosed in UK, Provisional Application Serial No.

61/410,603, filed November 5, 2010, entitled “Energy-Based Surgical Instruments,” the
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disclosure of which is incorporated by reference herein. Various other suitable ways in
which a power source may be incorporated into any of the devices hercin will be apparent

to those of ordinary skill in the art in view of the teachings herein.

{00081} While the examples herein are described mainly in the context of electrosurgical
instruments, it should be understood that various teachings herein may be readily apphied
to a varicty of other types of devices. By way of example only, the various teachings
hercin may be readily applied to other types of clectrosurgical instruments, tissue
graspers, tissue retrieval pouch deploying instruments, surgical staplers, surgical clip
appliers, ultrasonic surgical instruments, etc. It should also be understood that the
teachings hercin may be readily applicd to any of the instruments described in any of the
references cited herein, such that the teachings herein may be readily combined with the
teachings of any of the references cited hercin in numerous ways,  Other types of
imstruroents into which the teachings herein may be incorporated will be apparent to those

of ordinary skill in the art.

{00082} In versions where the tcachings hercin arc applied to a surgical stapling
mmstrument, it should be understood that the teachings herein may be combined with the
teachings of one or more of the following, the disclosures of all of which are incorporated
by reference herein: ULS. Pat. No. 4,805,823, entitled “Pocket Configuration for Internal
Organ Staplers,” issued February 21, 1989; U.S. Pat. No. 5,415,334, entitled “Surgical
Stapler and Staple Cartridge,” issued May 16, 1995, U.S. Pat. No. 5,465,895, entitled
“Surgical Stapler Instrument,” issued Novemwber 14, 1995; UK. Pat. No. 5,597,107,
entitied “Surgical Stapler Tnstrument,” issued January 28, 1997; 11.S. Pat. No. 5,632,432,
entitled “Surgical Instrument,” issued May 27, 1997; U.S. Pat. No. 5,673,840, entitied
“Surgical Instroment,” issued October 7, 1997, UK. Pat. No. 5,704,534, entitled
“Articulation Assembly for Surgical Instruments,” issued January 6, 1998; 11.S. Pat. No.
5,814,055, entitled “Surgical Clamping Mechanism,” issaed September 29, 1998; US.
Pat. No. 6,978,921, euatitled “Surgical Stapling Instruoment Incorporating an E-Beam
Firing Mechanism,” issued December 27, 2005; US. Pat No. 7,000,818, entitled
“Surgical Stapling Instrument Having Separate Distinet Closing and Firing Systoms,”

issued February 21, 2006; U.S. Pat. No. 7,143,923, entitled “Surgical Stapling Instrument
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Having a Firing Lockout for an Unclosed Anvil,” issued December 5, 2006; U.S. Pat. No.
7,303,108, entitled “Surgical Stapling Instrument Incorporating a Multi-Stroke Firing
Mechanism with a Flexible Rack,” issued December 4, 2007; U.S. Pat. No. 7,367,485,
entitled “Surgical Stapling Instrument Incorporating a Multistroke Firing Mechanism
Having a Rotary Transmussion,” issued May 6, 2008; U.S. Pat. No. 7,380,695, entitled
“Surgical Stapling Instrument Having a Single Lockout Mechanism for Prevention of
Firing,” issucd Junc 3, 2008; U.S. Pat. No. 7,380,696, entitled “Articulating Surgical
Stapling Instrument Incorporating a Two-Picce E-Beam Firing Mechanism,” issued June
3, 2008; U.S. Pat. No. 7,404,508, entitied “Surgical Stapling and Cutting Device,” issued
Faly 29, 2008, U.S. Pat. Wo. 7,434,715, entitled “Surgical Stapling Instrament Having
Multistroke Firing with Opening Lockout,” ssued October 14, 2008, U.S. Pat. No.
7,721,930, entitled “Disposable Cartridge with Adhesive for Use with a Stapling
Device,” 1ssued May 25, 2010; U.S. Pob. No. 2018/0264193, entitled “Surgical Stapling
Instrument with An Articulatable End Effector,” published Qctober 21, 2018; and U.S.
Pub. No. 2012/0239012, cotitled “Motor-Driven Surgical Cutting Instrument with
Electric Actuator Directional Control Assembly,” published September 20, 2012, Other
suitable ways in which the teachings hercin mway be applied to a surgical staphing
instrument will be apparent to those of ordinary skill in the art in view of the teachings

herein.

HHUERY In versions where the teachings hercin are applied to an ultrasonic surgical
instrument, it should be understood that some such jnstruments may lack a translating
firing beam. The components described herein for translating a firing beam may instead
simply translate a jaw closing member.  Alternatively, such translating features may
simply be omitted. In any case, it should be understood that the teachings hercin may be
combined with the teachings of one or more of the following: U.S. Pat. Pub. No.
2006/0079874, entitied “Tissue Pad for Use with an Ultrasonic Surgical Instrument,”
published April 13, 2006, the disclosure of which is incorporated by reference herein;
U.S. Pat. Pub. No. 2007/0191713, entitled “Ultrasonic Device for Cutting and
Coagulating,” published August 16, 2007, the disclosure of which is incorporated by
reference herein; US. Pat. Pub. No. 2007/0282333, entitled “Ultrasonic Waveguide and

Blade,” published Decomber 6, 2007, the disclosure of which is incorporated by
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reference herein; UK. Pat. Pub. No. 2008/0200940, entitled “Ultrasonic Device for
Cutting and Coagulating,” published August 21, 2008, the disclosure of which is
imncorporated by reference hercin; U.S. Pat. Pub. No. 2011/0015660, entitied “Rotating
Transducer Mount for Ultrasonic Surgical Instruments,” published January 20, 2011, the
disclosure of which is incorporated by reference herein; US. Pat, No. 6,500,176, entitied
“Flectrosurgical Systems and Techniques for Scaling Tissue,” issued December 31, 2002,
the disclosure of which is incorporated by reference hercin, U.S. Pat. Pub. No.
2011/0087218, entitled “Surgical Instrument Comprising First and Second Drive Systems
Actuatable by a Common Trigger Mechanism,” published April 14, 2011, the disclosure
of which is incorporated by reference herein; and/or U.S. Pat. No. 6,783,524, entitled
“Robotic Surgical Tool with Ultrasound Canterizing and Cutting lTustrument,” issued
August 31, 2004, the disclosure of which 1s incorporated by reference hercin,  Gther
suitable ways in which the teachings herein may be applied to an ulirasonic surgical
imstrument will be apparent to those of ordinary skill in the art in view of the teachings

herein.

{60084} It should be understood that any one or more of the teachings, expressions,
embodiments, examples, etc. described herein may be combined with any one or more of
the other tcachings, expressions, embodiments, examples, ete. that are described herein,
The above-described teachings, expressions, embodiments, examples, etc. shounld
therefore not be viewed in isolation relative to cach other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herein. Such modifications and variations are

intended to be included within the scope of the claims.

180035] It should be appreciated that any patent, publication, or other disclosure material,
in whole or in part, that is said to be incorporated by reference herein is incorporated
herein only to the extont that the incorporated material dogs not conflict with existing
definitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated hercin by reference. Any material, or portion thereof,

that is said to be incorporated by reference herein, but which conflicts with existing
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definitions, statements, or other disclosure material set forth herein will only be
incorporated to the extent that no conflict ariscs between that incorporated material and

the existing disclosure material.

{00086} Verstons of the devices described above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as
application in robotic-assisted medical treatments and procedurcs. By way of cxampic
only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ system by Intuitive Surgical, Inc., of Sunnyvale, California.
Similarly, those of ordinary skill in the art will recognize that various teachings herein
may be readily combined with various teachings of U.S. Pat. Wo. 6,783,524, entitled
“Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument,” published

August 31, 2004, the disclosure of which s incorporated by reference herein,

100087} Versions described above may be designed to be disposed of afier a single use, or
they can be designed to be used multiple times. Versions may, in either or both cases, be
reconditioned for rcuse after at least one use.  Reconditioning may include any
combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pieces, and subsequent reassembly.  In particular, some
versions of the device may be disassembled, and any number of the particular pieces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or veplacement of particular parts, some versions of the device may be
reassembled for subsequent use either at a reconditioning facility, or by a user
immediately prior to a procedure.  Those skilled in the art will appreciate that
reconditioning of a device may utilize a varicty of technigues for disassembly,
cleaning/replacement, and reassembly.  Use of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.

{BO08E] By way of example only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization techumique, the device is placed in a closed
and secaled container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penetrate the container, such as gamma

radiation, x-rays, or high-encrgy electrons. The radiation may kill bacteria on the device
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and in the container. The sterilized device may then be stored in the sterile container for
later use. A device may also be sterilized using any other technique known in the art,

including but not limnited to beta or ganima radiation, cthylenc oxide, or steam.

160089] Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described herein may be accomplished by
appropriatc modifications by one of ordinary skill in the art without departing from the
scope of the present invention.  Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are illustrative and are not required.  Accordingly, the scope of the
present invention should be considered in terms of the following claims and is understood
not to be limited to the details of structure and operation shown and described in the

specification and drawings.
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Y'We claim:

I An apparatus for operating on tissue, the apparatus comprising:
(a) a body, wherein the body comprises a distal end and a proximal end,

wherein the body defines an clongate opening, wherein the proximal end
of the body detines a first scissor grip;

{b) an ¢nd effector, whercin the end effector corpriscs a first jaw and a
sceond jaw, and whercin the first jaw is sclectively pivotable toward and
away from the second jaw;

() a lever pivotably coupled to the body, wherein the lever comprises a distal
end and a proximal end, wherein the first jaw is coupled to the distal end
of the lever, wherein the lever is configured to drive the first jaw toward
and away from the sccond jaw, wherein the proximal end of the lever

defines a second scissor grip; and

{(d) a tssue severing assembly, wherein the tissue severing  assembly
COMTISes:
(i) a gear, wherein the gear is rotatable abont a first axis,

{11} a longitudinally sliding trigger, whercin the trigger is slidably
disposed within the clongate opening, whercin the ftrigger
comprises an clongate member extending distally from the trigger,
wherein the clongate member is engaged with the gear, and

(iti}y  a firing beam cngaged with the gear, wherein the trigger is
operabie to drive the firing beam.

2. The apparatus of claim 1, whercin a portion of the clongate member is positioned
on one side of the gear, wherein a portion of the firing boam is positioned on the opposite side of
the gear such that the gear is positioned to convert longitudinal motion of the clongate member in

one direction into longitudinal motion of the firing beam in the opposite direction.

3 The apparatus of claim 1, whercin the firing beam comprises a distal end, and

wherein the firing beam further comprises a blade positioned at the distal end of the firing beam,
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wherein the blade is configured to sever tissue captured between the first and second jaws,

4, The apparatus of claim 1, wherein the body includes a pin, wherein the firing

beam compriscs a longitudinal slot, and wherein the pin is shidably disposed within the slot.

5. The apparatus of claim 1, wherein the body includes a pin, wherein the clongate

member comprises a longitudinal slot, and wherein the pin is slidably disposed within the slot.

6. The apparatus of claim 1, wherein the clongatc member is resiliently biased

toward the gear.

~J

The apparatus of claim |, wherein the tissue severing assembly further comprises

a second gear engaged with the fiving beam.

8. The apparatus of claim 7, wherein the trigger further comprises a second clongate

member, wherein the second clongate member is engaged with the second gear.

9. The apparatus of claim 1, wherein the end cffector comprises at lgast one

electrode operable to apply RF energy to tissue.

1. The apparatus of claim 9, wherewn the trigger further comprises a button, and

wherein the button is operable to selectively activate the RF energy of the end effector.

i The apparatus of claim 10, wherein the trigger is configured to be immovable

unless the button is depressed.

12, The apparatus of claim 10, wherein the button is configured to be unable to be

depressed unless the end cffector is in a closed position.

£3.  The apparatus of claim 1, wherein the trigger is configured to be immovable

uniess the end cffector is in a closed position,
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The apparatus of claim |, wherein the tissue severing assembly further comprises

a biasing membe

direction,

I5.

second scissor grips.

16.

. and wherein the biasing member is configured to urge the trigger in a distal

The apparatus of claim |, wherein the trigger is positioned distal to the first and

An apparatus for operating on tissue, the apparatus comprising:

{2)

(b

(d)

a body, wherein the body comprises a distal end and a proximal end,
wherein the body defines an clongate opening, wherein the proximal end
of the body defines a fivst scissor grip;

an end effector, wherein the end effector coroprises a first jaw and a

second jaw, and wherein the first jaw 15 selectively pivotable toward and

away from the second jaw;

a lever pivotably coupled to the body, wherein the lever comprises a distal

end and a proximal end, wherein the first jaw is coupled to the distal end

of the lever, wherein the lever is configured to drive the first jaw toward
and away from the second jaw, wherein the proximal end of the lever
defines a second scissor grip; and

a tissue severing assembly, wherein the tissue severing assembly

COMPYiscs.

(i) a gear,

{ii) a longitudinally sliding trigger, wherein the trigger is slidably
disposed within the clongate opening, whercin the trigger
compriscs an clongate member extending distally from the trigger,
whercin the clongate member and the gear have a rack and pinion
relationship, and

(i1}  a longitudinally sliding firing beam, wherein the firing beam and
the gear have a rack and pinion relationship,

wherein the trigger is longitudinally movable in a proximal direction to
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cause distal longitudinal movement of the firing beam.

17 The apparatus of claim 16, wherein the trigger is longitudinally movable in a

distal direction to causc proximal longitudinal movement of the firing beam.

8. The apparatus of claim 16, wherein the end effector comprises at least one
electrode operable to apply RE energy to tissue, wherein the trigger further comprises a button,
wherein the button is operable to sclectively activate the RF encrgy of the end cffector when the

button is depressed.

[9.  An apparatus for operating on tissue, the apparatus comprising:

{a) a body, wherein the body comprises a distal end and a proximal end,
wherein the body defines an clongate opening, wherein the proximal end
of the body defines a first scissor grip;

{b) an end effector, wherein the end effector coroprises a fust jaw and a
second jaw, and wherein the first jaw 15 selectively pivotable toward and
away from the second jaw, wherein the end effector further comprises at
least onc electrode operable to provide RF energy to tissue;

() a lever pivotably coupled to the body, wherein the fever comprises a distal
end and a proximal end, wherein the first jaw is coupled to the distal end
of the lever, wherein the lever is configured to drive the first jaw toward
and away from the sccond jaw, wherein the proximal end of the lever

defines a second scissor grip; and

{d) a tissue severing assembly, whercin the tissue scvering  assembly
Comprises:
(i} a longitudinally sliding trigger, wherein the trigger is slidably

disposed within the clongate opening of the body, wherein the
trigger defines an opening,

(i1) a button, wherein the button is disposed within the opening of the
trigger, and wherein the button is operable to selectively activate

the at least one electrode with RF encrgy, wherein the button is
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positioned to be depressed when the trigger is moved in a proximal
longitudinal direction, and

(it}  a longitudinally sliding firing beam, whercin the trigger is operable
to advance the firing beam distally in response to proximal

movement of the trigger.

20,  The apparatus of claim 19, further comprising a lockout feature configured to

prevent proximal movement of the trigger until the button is depressed.
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