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ELECTROSURGICAL FORCEPS FOR VIDEO ASSISTED THORACOSCOPIC
SURGERY AND OTHER SURGICAL PROCEDURES

BACKGROUND

Technical Field

[0001] The present disclosure relates to surgical instruments and, more
particularly, to an electrosurgical forceps configured for treating and/or cutting

tissue in Video Assisted Thoracoscopic Surgery and other surgical procedures.

Background of Related Art

[0002] In minimally-invasive surgical procedures, operations are carried
out within the body by elongated instruments inserted through small entrance
openings in the body, either directly or through one or more access ports
positioned within the entrance openings. Because the instrumentation and any
required punctures or incisions are relatively small, minimally-invasive surgery is
less invasive compared to conventional open surgical procedures. As a result,
minimally-invasive surgery tends to minimizes trauma to the patient, reduce
patient recovery time, and minimize hospital costs.

[0003] In minimally-invasive thoracic surgery, for example, access to the
thoracic cavity as well as maneuverability within the thoracic cavity is limited
since the access port is typically placed within the confined intercostal space
between a patient’s ribs. Such procedures, commonly referred to as Video
Assisted Thoracoscopic Surgery (VATS), aim to reduce patient recovery time by

accessing the thoracic cavity through the natural intercostal space without
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spreading the ribs as in open procedures. Procedures performed in this manner
may include, for example, lung resection procedures.

[0004] Electrosurgical forceps utilize both mechanical clamping action and
energy to treat, e.g., coagulate, cauterize, and/or seal, tissue. Typically, once
tissue is treated, the treated tissue is divided by way of a knife or blade member
incorporated into the electrosurgical forceps. Electrosurgical forceps are useful
in VATS procedures such as, for example, lung resection procedures, where
electrosurgical forceps may be utilized to treat and cut surrounding tissue, thus
facilitating the isolation of lung tissue to be removed and reducing bleeding
during the lung resection procedure.

[0005] It would therefore be advantageous to provide an electrosurgical
forceps configured for use in VATS procedures and other surgical procedures,

for example, to facilitate lung resection procedures.

SUMMARY

[0006] As used herein, the term “distal” refers to the portion that is being
described which is further from a user, while the term “proximal” refers to the
portion that is being described which is closer to a user. Further, to the extent
consistent, any of the aspects described herein may be used in conjunction with
any or all of the other aspects described herein.

[0007] In accordance with aspects of the present disclosure, a surgical
instrument is provided. The surgical instrument includes an elongated shaft
defining a longitudinal axis and including a proximal portion and a distal portion,
an end effector assembly coupled to the distal portion of the elongated shaft, a

fixed handle coupled to the proximal portion of the elongated shaft, a drive bar, a
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movable handle, and a linkage. The drive bar is slidably disposed within the
elongated shaft and operably coupled to the end effector assembly such that
translation of the drive bar through the elongated shaft manipulates the end
effector assembly. The movable handle is movable relative to the fixed handle
between an open position and a closed position to translate the drive bar through
the elongated shaft. The movable handle, more specifically, is pivotably coupled
to the drive bar via a first pivot pin. The first pivot pin is aligned on the
longitudinal axis. The linkage includes a first end portion and a second end
portion. The first end portion of the linkage is pivotably coupled to the movable
handle via a second pivot pin, while the second end portion of the linkage is
pivotably coupled to the elongated shaft via a third pivot pin. The third pivot pin
is aligned on the longitudinal axis. In the closed position of the movable handle,
the second pivot pin is disposed in a near-over-center position relative to the
longitudinal axis to reduce a force necessary to maintain the movable handle in
the closed position.

[0008] In an aspect of the present disclosure, the elongated shaft defines
a cut-out disposed therein configured to receive at least a portion of the second
pivot pin in the near-over-center position of the second pivot pin.

[0009] In another aspect of the present disclosure, the movable handle,
the fixed handle, and/or the elongated shaft inhibits the second pivot pin from
reaching an over-the-center position relative to the longitudinal axis.

[0010] In yet another aspect of the present disclosure, the end effector

assembly includes first and second jaw members. In such aspects, translation of
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the drive bar through the elongated shaft moves the first and second jaw
members between a spaced-apart position and an approximated position.

[0011] In still another aspect of the present disclosure, the near-over-
center position of the second pivot pin corresponds to the approximated position
of the first and second jaw members.

[0012] In still yet another aspect of the present disclosure, each of the first
and second jaw members defines an electrically-conductive tissue-contacting
surface adapted to connect to a source of energy. The tissue-contacting
surfaces are configured to grasp tissue therebetween.

[0013] In another aspect of the present disclosure, the movable handle
includes a clevis configured to couple at least a portion of the elongated shaft
with at least a portion of the linkage. The first and second pivot pins extend
within the clevis.

[0014] In another aspect of the present disclosure, the elongated shaft
includes a pair of opposed slots defined therethrough. The first pivot pin extends
through the opposed slots of the elongated shaft.

[0015] In still another aspect of the present disclosure, an activation
assembly is disposed on the fixed handle or the movable handle. The activation
assembly is selectively activatable to supply energy to the end effector assembly.
[0016] In yet another aspect of the present disclosure, the activation
assembly is positioned such that the activation assembly is activated upon
movement of the movable handle to the closed position.

[0017] In still yet another aspect of the present disclosure, the fixed handle

and/or the movable handle includes a finger ring.
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[0018] Another surgical instrument provided in accordance with aspects of
the present disclosure includes an elongated shaft, an end effector assembly, a
drive bar, a movable handle, and a linkage. The elongated shaft includes a
proximal portion and a distal portion. The end effector assembly is coupled to
the distal portion of the elongated shaft and includes first and second jaw
members movable between a spaced-apart position and an approximated
position. The drive bar is slidably disposed within the elongated shaft and
operably coupled to the first jaw member and/or the second jaw member such
that translation of the drive bar through the elongated shaft moves the first and
second jaw members between the spaced-apart position and the approximated
position. The movable handle is pivotably coupled to the drive bar via a first pivot
pin and is movable between an open position and a closed position to translate
the drive bar through the elongated shaft to thereby move the first and second
jaw members between the spaced-apart position and the approximated position.
The linkage includes a first end portion and a second end portion. The first end
portion of the linkage is pivotably coupled to the movable handle via a second
pivot pin. The second end portion of the linkage is pivotably coupled to the
elongated shaft via a third pivot pin. In the closed position of the movable
handle, the second pivot pin is disposed in a near-over-center position relative to
the first pivot pin and the third pivot pin to reduce a force necessary to maintain
the movable handle in the closed position.

[0019] In an aspect of the present disclosure, the elongated shaft defines
a cut-out disposed therethrough configured to receive at least a portion of the

second pivot pin in the near-over-center position of the second pivot pin.
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[0020] In another aspect of the present disclosure, a fixed handle fixed
relative to the elongated shaft is provided. In such aspects, the movable handle
is movable relative to the fixed handle between the open and closed positions.
[0021] In still another aspect of the present disclosure, each of the first
and second jaw members defines an electrically-conductive tissue-contacting
surface adapted to connect to a source of energy. The tissue-contacting
surfaces are configured to grasp tissue therebetween in the approximated
position.

[0022] In yet another aspect of the present disclosure, the movable handle
includes a clevis configured to couple at least a portion of the elongated shaft
with at least a portion of the linkage. In such aspects, the first and second pivot
pins extend within the clevis.

[0023] In another aspect of the present disclosure, the elongated shaft
includes a pair of opposed slots defined therethrough. The first pivot pin extends
through the opposed slots of the elongated shaft.

[0024] In still yet another aspect of the present disclosure, an activation
assembly is disposed on the movable handle. The activation assembly is
selectively activatable to supply energy to the first and second jaw members.
[0025] In another aspect of the present disclosure, the activation assembly
is positioned such that the activation assembly is activated upon movement of
the movable handle to the closed position.

[0026] In an aspect of the present disclosure, the movable handle includes

a finger ring.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Various aspects and features of the present disclosure are
described herein with reference to the drawings, wherein:
[0028] FIG. 1 is a side view of an electrosurgical forceps provided in

accordance with aspects of the present disclosure;

[0029] FIG. 2 is a side view of a proximal portion of the forceps of FIG. 1;
[0030] FIG. 3A is an enlarged, side view of the area of detail indicated as
“3A” in FIG. 1;

[0031] FIG. 3B is an enlarged, side view of the area of detail indicated as

“3A” in FIG. 1, with parts removed;

[0032] FIG. 3C is an enlarged, side view of the area of detail indicated as
“38A” in FIG. 1, with other parts removed;

[0033] FIG. 4 is a side view of a distal portion of the forceps of FIG. 1;
[0034] FIG. 5A is a side view of the distal portion of the forceps of FIG. 1,
with an elongated shaft and one jaw member removed,;

[0035] FIG. 5B is a side view of the distal portion of the forceps of FIG. 1,
with the elongated shaft and another jaw member removed;

[0036] FIG. 6A is a transverse, cross-sectional view of an end effector
assembly of the forceps of FIG. 1;

[0037] FIG. 6B is a perspective view of a cam pin of the end effector
assembly of FIG. 6A including a clip engaged about the cam pin;

[0038] FIG. 7 is a top view of one of jaw members of the end effector

assembly of the forceps of FIG. 1;
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[0039] FIG. 8 is a side view of a proximal portion of the forceps of FIG. 1,
with the elongated shaft and a portion of a housing of a fixed handle removed;
[0040] FIG. 9 is a side view of a trigger assembly and a knife assembly of
the forceps of FIG. 1;

[0041] FIG. 10 is a side view of the end effector assembly of the forceps of
FIG. 1 including a knife of the knife assembly of FIG. 8 operably positioned
relative thereto; and

[0042] FIG. 11 is a side view of a distal portion of the forceps of FIG. 1,

with a portion of the elongated shaft removed.

DETAILED DESCRIPTION

[0043] Turning to FIG. 1, an electrosurgical forceps provided in
accordance with the present disclosure is shown generally identified by reference
numeral 10. Forceps 10 is configured for use in VATS procedures and other
surgical procedures and generally includes an elongated shaft 20, a handle
assembly 30, a drive assembly 50 (FIGS. 3A-3C), a trigger assembly 70, a knife
assembly 80 (FIGS. 8 and 9), an activation assembly 90, and an end effector
assembly 100 which mutually cooperate to grasp, treat, and/or cut tissue.
Forceps 10 further includes an electrosurgical cable (not shown) adapted to
connect forceps 10 to a source of energy, e.g., a generator (not shown), although
forceps 10 may alternatively be configured as a battery-powered instrument.

[0044] With additional reference to FIG. 2, handle assembly 30 is operably
coupled to a proximal portion of elongated shaft 20 and includes a pair of handle
members: a fixed handle 32 and a movable handle 42. Fixed handle 32 is fixedly

engaged with elongated shaft 20 and extends proximally therefrom. Fixed
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handle 32 includes a body 34 formed from first and second housing components
that cooperate to house the internal components of trigger assembly 70 (FIG. 8)
as well as knife drive bar 82 of knife assembly 80 (FIG. 9). Fixed handle 32
further includes a finger ring 36 disposed on a proximal portion of body 34.
Finger ring 36 is configured to receive one or more fingers of a user to facilitate
grasping and manipulating forceps 10.

[0045] Movable handle 42 of handle assembly 30 includes a body 44
formed from first and second housing components that cooperate to retain
activation assembly 90 partially within body 44 and in operable position relative to
fixed handle 32, as detailed below. The electrosurgical cable (not shown) of
forceps 10 is configured to operably couple to movable handle 42 while the
internal wires (not shown) thereof are configured to extend through body 44 of
movable handle 42 and elongated shaft 20 to end effector assembly 100 (FIG. 1)
to electrically couple end effector assembly 100 (FIG. 1) and activation assembly
90 with the source of energy (not shown). Movable handle 42 further includes a
finger ring 46 disposed on a proximal portion of body 44. Finger ring 46 is
configured to receive one or more fingers of a user to facilitate grasping and
manipulating forceps 10.

[0046] Referring to FIGS. 3A-3C, movable handle 42 additionally includes
a clevis 48 extending distally from a distal portion of body 44. Clevis 48 defines a
bifurcated configuration including first and second spaced-apart clevis members.
The first and second spaced-apart clevis member of clevis 48 are configured for
positioning on either side of elongated shaft 20 such that elongated shaft 20 is at

least partially received within clevis 48. Clevis 48 is configured to operably
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couple movable handle 42 with elongated shaft 20 and drive assembly 50. Distal
and proximal pins 49a, 49b are fixed relative to clevis 48 and extend transversely
between the first and second spaced-apart clevis members of clevis 48. Distal
pin 49a is configured to pivotably couple clevis 48 to a proximal portion of drive
bar 52 of drive assembly 50. Elongated shaft 20 defines a pair of opposed slots
22 (only one is shown) through which distal pin 49a extends to enable coupling of
clevis 48 and drive bar 52 with elongated shaft 20 disposed therebetween.
Proximal pin 49b is configured to pivotably couple clevis 48 to a distal portion of
linkage 54 of drive assembly 50. Elongated shaft 20 defines a cut-out 24
configured to enable pivoting of movable handle 42 relative to fixed handle 32
and elongated shaft 20, as detailed below.

[0047] Drive assembly 50 of forceps 10, as noted above, includes drive
bar 52 and linkage 54. Drive bar 52 is slidably disposed within elongated shaft
20 and includes a proximal portion that is pivotably coupled to clevis 48 of
movable handle 42 via distal pin 49a. A distal portion of linkage 54 extends
through cut-out 24 of elongated shaft 20 and is pivotably coupled to clevis 48 via
proximal pin 49b. A proximal portion of linkage 54 extends through cut-out 24
into elongated shaft 20 and is pivotably coupled to elongated shaft 20 within
elongated shaft 20 via a linkage pin 55. Linkage pin 55 and distal pin 49a are
both aligned on a longitudinal axis “X-X” of elongated shaft 20.

[0048] As a result of the above-detailed configuration of movable handle
42 and drive assembly 50, pivoting of movable handle 42 relative to fixed handle
32 between an open position and a closed position translates drive bar 52

through elongated shaft 20. More specifically, pivoting of movable handle 42
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towards fixed handle 32, e.g., towards the closed position, translates drive bar 52
distally through elongated shaft 20, while pivoting of movable handle 42 away
from fixed handle 32, e.g., towards the open position, translates drive bar 52
proximally through elongated shaft 20.

[0049] As movable handle 42 is pivoted towards the closed position, the
distal portion of linkage 54 is pivoted towards an aligned orientation relative to
elongated shaft 20 and, thus, proximal pin 49b is moved towards longitudinal axis
“X-X” of elongated shaft 20. The configuration of handle assembly 30, elongated
shaft 20, and/or drive assembly 50 inhibits linkage 54 from reaching an aligned
position relative to longitudinal axis “X-X” of elongated shaft 20 and, thus, inhibits
proximal pin 49b from reaching an over-center position relative to linkage pin 55,
distal pin 49a, and longitudinal axis “X-X” of elongated shaft 20. As such,
movable handle 42 remains freely movable relative to fixed handle 32 and is not
locked in position relative thereto, as is the case when an over-center position is
achieved.

[0050] Despite being inhibited from reaching an over-center position,
proximal pin 49b is configured to move at least partially into cut-out 24 of
elongated shaft 20 as movable handle 42 is moved to the closed position to
achieve a near-over-center position. This near-over-center position reduces the
forces necessary to pivot movable handle 42 towards fixed handle 32 as
movable handle 42 approaches the closed position without permitting locking of
the movable handle 42. The term near-over-center position, for the purposes
herein, corresponds to a position wherein proximal pin 49b is disposed at least

partially within cut-out 24 of elongated shaft 20 and, thus, is at least partially
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inside the outer diameter of elongated shaft 20. As such, the near-over-center
position of proximal pin 49b corresponds to a radial distance between
longitudinal axis “X-X” of elongated shaft 20 and proximal pin 49b that is equal to
or less than the radius of elongated shaft 20 plus the diameter of proximal pin
49b. In embodiments where elongated shaft 20 defines a rectangular or other
non-cylindrical configuration, the near-over-center position of proximal pin 49b
corresponds to a radial distance between longitudinal axis “X-X” of elongated
shaft 20 and proximal pin 49b that is equal to or less than half of the
corresponding transverse dimension of elongated shaft 20 (taken along a line
perpendicular to longitudinal axis “X-X” and intersecting proximal pin 49b) plus
the diameter of proximal pin 49b.

[0051] Referring to FIGS. 1 and 4-5B, end effector assembly 100 is
coupled to a distal portion of elongated shaft 20 and includes first and second
jaw members 110, 120. One or both of jaw members 110, 120 is pivotable
relative to the other and the elongated shaft 20 about a pivot pin 102. Each jaw
member 110, 120 includes a proximal flange 111, 121 and a distal jaw body 112,
122 supporting an electrically-conductive tissue-contacting surface 114, 124.
Tissue-contacting surfaces 114, 124 are electrically coupled to activation
assembly 90 (FIG. 1) and the source of energy (not shown), e.g., via the wires
(not shown) extending through the electrosurgical cable (not shown), movable
handle 42, and elongated shaft 20, such that energy may be selectively supplied
to tissue-contacting surface 114 and/or tissue-contacting surface 124 and
conducted through tissue grasped between jaw members 110, 120 to treat, e.g.,

seal, tissue.
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[0052] Proximal flanges 111, 121 of jaw members 110, 120 are pivotably
coupled to one another via pivot pin 102. End effector assembly 100 is
configured as a unilateral assembly, wherein jaw member 120 is fixed relative to
elongated shaft 20 and jaw member 110 is pivotable about pivot pin 102 relative
to elongated shaft 20 and fixed jaw member 120. However, end effector
assembly 100 may alternatively be configured as a bilateral assembly, where
both jaw member 110 and jaw member 120 are movable about pivot pin 102
relative to one another and elongated shaft 20. For the purposes herein, the
terms “movement of the jaw members,” “pivoting of the jaw members,” and like
terms are understood to encompass both unilateral and bilateral configurations.
In the illustrated unilateral configuration, proximal flange 121 of jaw member 120
may be fixedly engaged to elongated shaft 20 via welding or other suitable
engagement. Pivot pin 102 may be welded, on either side thereof, to proximal
flange 121 of jaw member 120 and pivotably disposed within an aperture defined
through proximal flange 111 of jaw member 110. Other configurations are also
contemplated, for example, using a clip similar to that detailed below with respect
to cam pin 104 and clip 106 (FIGS. 6A-6B).

[0053] Proximal flanges 111, 121 of jaw members 110, 120 define
oppositely-oriented U-shaped configurations. One of the proximal flanges, e.g.,
proximal flange 121 of jaw member 120, may surround the proximal flange, e.g.,
proximal flange 111 of jaw member 110, of the other jaw member, as illustrated
(see FIG. 6A). Alternatively, proximal flanges 111, 121 may be disposed in an
overlapping, offset configuration. Each proximal flange 111, 121 defines a pair of

cam slots 116, 126 therethrough. Cam slots 116 of proximal flange 111 of jaw
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member 110 are angled relative to cam slots 126 of proximal flange 121 of jaw
member 120. Cam slots 116, 126 are configured to receive a cam pin 104 that
extends through an aperture defined through a distal portion of drive bar 52. As
a result of this configuration, translation of drive bar 52 through elongated shaft
20, e.g., in response to pivoting of movable handle 42 (FIG. 1) between the open
an closed positions, pivots jaw members 110, 120 between spaced-apart and
approximated positions for grasping tissue therebetween. More specifically, cam
slots 116, 126 are oriented such that distal translation of drive bar 52 and, thus,
cam pin 104, effects pivoting of jaw members 110, 120 from the spaced-apart
position towards the approximated position, and such that proximal translation of
drive bar 52 and, thus, cam pin 104 pivots jaw members 110, 120 towards the
spaced-apart position.

[0054] Referring to FIGS. 6A and 6B, a clip 106 is provided to operably
couple cam pin 104 with jaw members 110, 120 and drive bar 52, and to retain
cam pin 104 in position without the need for welding (or otherwise affixing) cam
pin 104 to drive bar 52. Such a configuration is advantageous in that welding (or
otherwise affixing) cam pin 104 to drive bar 52 is difficult due to the necessity for
drive bar 52 to be operably positioned between jaw members 110, 120 and cam
pin 104 inserted therebetween prior to welding cam pin 104 thereto.

[0055] Clip 106 includes a body 107a having a pair of resilient, semi-
annular side fingers 107b (only one is shown) extending from either side thereof
and a central finger 107¢c extending between side fingers 107b. Cam pin 104
defines an annular groove 105 to facilitate engagement of clip 106 thereabout.

Side fingers 107b, at the free ends thereof and in their at-rest position, are

14
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spaced-apart a distance smaller than the diameter of the portion of clip 106 that
defines groove 105.

[0056] In order to operably couple jaw members 110, 120 and drive bar 52
with one another via cam pin 104, jaw members 110, 120 are first aligned such
that cam slots 116, 126 of proximal flanges 111, 121 of jaw members 110, 120,
respectively, are aligned with one another. Drive bar 52 is inserted between
proximal flanges 111, 121 such that the aperture defined within drive bar 52 is
aligned with cam slots 116, 126. Once cam slots 116, 126 are aligned with one
another and the aperture of drive bar 52, cam pin 104 may be inserted, from
either side of end effector assembly 100, through cam slots 116, 126 and the
aperture of drive bar 52. In the inserted position of cam pin 104, groove 105 is
exposed between drive bar 52 and flanges 111, 121 to enable distal insertion of
clip 106 between drive bar 52 and flanges 111, 121 and into engagement with
cam pin 104.

[0057] In order to engage clip 106 about cam pin 104, clip 106 is aligned
with groove 105 of cam pin 104 and moved transversely towards clip 106. As
clip 106 is moved into contact with cam pin 104, side fingers 107b contact the
inner surface of can pin defining groove 105 and are flexed outwardly relative to
one another to widen the gap therebetween and permit cam pin 104 to pass
therebetween. Once cam pin 104 is positioned more than halfway within clip
106, e.g., once side fingers 1070 clear the diameter of cam pin 104, side fingers
107b are returned under bias inwardly into engagement within groove 105,
thereby retaining clip 106 about cam pin 104. Upon engagement of clip 106

about cam pin 104, central finger 107c is also disposed within groove 105.
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[0058] With clip 106 engaged about cam pin 104, cam pin 104 is inhibited
from sliding laterally out of engagement with cam slots 116, 126 and/or the
aperture of drive bar 52. Thus, cam pin 104 is retained in operable engagement
within cam slots 116, 126 and the aperture of drive bar 52 such that translation of
drive bar 52 relative to end effector assembly 100 translates cam pin 104 through
cam slots 116, 126 to pivot jaw members 110, 120 between the spaced-apart
and approximated positions.

[0059] With reference to FIGS. 4-5B, distal jaw bodies 112, 122 of jaw
members 110, 120 extend distally from proximal flanges 111, 121, respectively,
and, as noted above, support respective electrically-conductive tissue-contacting
surfaces 114, 124 thereon. Distal jaw bodies 112, 122 and, thus, tissue-
contacting surfaces 114, 124, define curved configurations, although other
configurations may also be provided. In the approximated position of jaw
members 110, 120, tissue-contacting surfaces 114, 124 are configured to grasp
tissue therebetween and, upon activation of activation assembly 90 (FIG. 1),
conduct energy therebetween and through grasped tissue to treat, e.g., seal,
tissue. Either or both tissue-contacting plates 114, 124 may further define a
longitudinally-extending knife channel 117, 127 extending therethrough. Knife
channel(s) 117, 127 are configured to receive a knife 84 of knife assembly 80
(FIG. 9) to facilitate reciprocation of knife 84 (FIG. 9) between jaw members 110,
120 to cut tissue disposed therebetween, e.g., upon actuation of rotatable trigger
72 of trigger assembly 70 (see FIG. 9).

[0060] Referring additionally to FIG. 7, the distal jaw body 112, 122 of one

or both of jaw members 110, 120 further includes a plurality of vent holes 118,
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128 defined therethrough (only vent holes 118 of jaw member 110 are shown in
FIG. 7; the vent holes of jaw member 120 may be similar in embodiments where
so provided). Vent holes 118, 128 are arranged longitudinally along jaw member
110 and extend completely through distal jaw bodies 112, 122. More specifically,
vent holes 118, 128 are aligned with and disposed in communication with knife
channels 117, 127 of jaw members 110, 120. As such, steam generated during
tissue treatment may escape the area between jaw members 110, 120 via knife
channels 117, 127 and vent holes 118, 128.

[0061] Turning to FIGS. 8-11, trigger assembly 70 and knife assembly 80
cooperate to enable selective deployment of knife 84 between a retracted
position, wherein knife 84 is disposed proximally of jaw members 110, 120, and
an extended position, wherein knife 84 extends at least partially through knife
channels 117, 127 (FIGS. 5A-5B) between jaw members 110, 120. Trigger
assembly 70 is operably coupled to and partially disposed within body 34 of fixed
handle 32. Trigger assembly 70 includes a rotatable trigger 72, a first linkage 74,
a second linkage 76, and a spring 78. Rotatable trigger 72 defines a bifurcated
configuration and extends from body 34 of fixed handle 32 towards movable
handle 42. In the closed position of handle assembly 30, the bifurcated rotatable
trigger 72 at least partially surrounds body 44 of movable handle 42, thus
enabling actuation of rotatable trigger 72 from either side of forceps 10 (FIG. 1).
Rotatable trigger 72 is pivotably coupled to fixed handle 32 about a pivot 73.
[0062] First linkage 74 of trigger assembly 70 is disposed within body 34 of
fixed handle 32. First linkage 74 is pivotably coupled to fixed handle 32 about

pivot 73 towards a first end of first linkage 74 and is engaged with rotatable
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trigger 72 such that pivoting of rotatable trigger about pivot 73 likewise pivots first
linkage 74 about pivot 73. The second end of first linkage 74 defines a Y-
connector 75. Spring 78 is disposed within body 34 of fixed handle 32 and
includes a first end that is fixed relative to body 34 and a second end that is
engaged with one of the prongs of Y-connector 75. Spring 78 is configured to
bias first linkage 74 and, thus, rotatable trigger 72, towards an un-actuated
position. Spring 78 also biases knife 84 towards the retracted position.

[0063] Second linkage 76 operably couples first linkage 74 and, thus
rotatable trigger 72, with knife assembly 80. More specifically, second linkage 76
is coupled to the other prong of Y-connector 75 of first linkage 74 towards the
proximal end of second linkage 76, and is coupled to a proximal portion of knife
drive bar 82 towards the distal end of second linkage 76. As a result, pivoting of
rotatable trigger 72 about pivot 73 pivots first linkage 74 about pivot 73 to urge
second linkage 76 distally through body 34 of fixed handle 32.

[0064] Knife assembly 80 includes knife drive bar 82 and knife 84. A
proximal portion of knife drive bar 82 is pivotably coupled to a distal portion of
second linkage 76, and a distal portion of knife drive bar 82 is fixedly engaged
with a proximal portion of knife 84 with knife 84 extending distally therefrom.
Knife drive bar 82 defines a slot 83 configured to receive distal pin 49a and
linkage pin 55 (see FIGS. 3A-3C) to enable knife drive bar 82 to slide relative
thereto. Knife 84 defines a distal cutting edge 86. In operation, pivoting of
rotatable trigger 72 from an un-actuated position to an actuated position pivots
first linkage 74 to urge second linkage 76 distally through body 34 of fixed handle

32, thereby urging knife drive bar 82 distally through elongated shaft 20 and
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translating knife 84 from the retracted position to the extended position. Release
of rotatable trigger 72 returns rotatable trigger 72 back towards the un-actuated
position under the bias of spring 78, thereby returning first linkage 74, second
linkage 76, and knife drive bar 82 such that knife 84 is returned to the retracted
position.

[0065] Referring again to FIGS. 1 and 2, activation assembly 90, as noted
above, is at least partially retained within body 44 of movable handle 42.
Activation assembly 90 includes an activation button 92 and a base 94.
Activation button 92 is selectively depressible relative to base 94 to initiate the
supply of energy to tissue-contacting surfaces 114, 124 of jaw members 110, 120
(see FIGS. 5A-5B), respectively. More specifically, upon achieving the fully
closed position of handle assembly 30, activation button 92 is urged into the
opposed surface of body 34 of fixed handle 32 so as to depress activation button
92 and initiate the supply of energy to tissue-contacting surfaces 114, 124 of jaw
members 110, 120 (see FIGS. 5A-5B).

[0066] The various aspects and features provided 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 room 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, automatically flexible surgical systems, remotely
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flexible surgical systems, remotely articulating surgical systems, wireless surgical
systems, modular or selectively configurable remotely operated surgical systems,
etc.

[0067] 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
provided herein while another surgeon (or group of surgeons) remotely control
the instruments via the robotic surgical system. As can be appreciated, a highly
skilled surgeon may perform multiple operations in multiple locations without
leaving the remote console, which can be both economically advantageous and a
benefit to the patient or a series of patients.

[0068] The robotic 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 corresponding movement of the working ends of any type of
surgical instrument (e.g., end effectors, graspers, knifes, scissors, etc.) which
may complement the use of one or more of the aspects and features described
herein. The movement of the master handles may be scaled so that the working
ends have a corresponding movement 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).

[0069] The master handles may include various sensors to provide

feedback to the surgeon relating to various tissue parameters or conditions, e.g.,
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tissue resistance due to manipulation, cutting, or treating, pressure by the
instrument 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.

[0070] From the foregoing and with reference to the various figure
drawings, those skilled in the art will appreciate that certain modifications can
also be made to the present disclosure without departing from the scope of the
same. While several embodiments of the disclosure have been shown in the
drawings, it is not intended that the disclosure be limited thereto, as it is intended
that the disclosure be as broad in scope as the art will allow and that the
specification be read likewise. Therefore, the above description should not be
construed as limiting, but merely as exemplifications of particular embodiments.
Those skilled in the art will envision other modifications within the scope and

spirit of the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A surgical instrument, comprising:

an elongated shaft defining a longitudinal axis and including a proximal
portion and a distal portion;

an end effector assembly coupled to the distal portion of the elongated
shaft;

a fixed handle coupled to the proximal portion of the elongated shaft;

a drive bar slidably disposed within the elongated shaft and operably
coupled to the end effector assembly such that translation of the drive bar
through the elongated shaft manipulates the end effector assembly;

a movable handle movable relative to the fixed handle between an open
position and a closed position to translate the drive bar through the elongated
shaft, the movable handle pivotably coupled to the drive bar via a first pivot pin,
the first pivot pin aligned on the longitudinal axis; and

a linkage including a first end portion and a second end portion, the first
end portion of the linkage pivotably coupled to the movable handle via a second
pivot pin, the second end portion of the linkage pivotably coupled to the
elongated shaft via a third pivot pin, the third pivot pin aligned on the longitudinal
axis,

wherein, in the closed position of the movable handle, the second pivot pin
is disposed in a near-over-center position relative to the longitudinal axis to

reduce a force necessary to maintain the movable handle in the closed position.
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2. The surgical instrument according to claim 1, wherein the elongated shaft
defines a cut-out disposed therein configured to receive at least a portion of the
second pivot pin in the near-over-center position of the second pivot pin.

3. The surgical instrument according to claim 1, wherein at least one of the
movable handle, the fixed handle, or the elongated shaft inhibits the second pivot
pin from reaching an over-the-center position relative to the longitudinal axis.

4. The surgical instrument according to claim 1, wherein the end effector
assembly includes first and second jaw members, and wherein translation of the
drive bar through the elongated shaft moves the first and second jaw members
between a spaced-apart position and an approximated position.

5. The surgical instrument according to claim 4, wherein the near-over-center
position of the second pivot pin corresponds to the approximated position of the
first and second jaw members.

6. The surgical instrument according to claim 4, wherein each of the first and
second jaw members defines an electrically-conductive tissue-contacting surface
adapted to connect to a source of energy, the tissue-contacting surfaces
configured to grasp tissue therebetween in the approximated position.

7. The surgical instrument according to claim 1, wherein the movable handle
includes a clevis configured to couple at least a portion of the elongated shaft
with at least a portion of the linkage, the first and second pivot pins extending
within the clevis.

8. The surgical instrument according to claim 1, wherein the elongated shaft
includes a pair of opposed slots defined therethrough, and wherein the first pivot

pin extends through the opposed slots of the elongated shaft.
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9. The surgical instrument according to claim 1, further comprising an activation
assembly disposed on one of the fixed handle or the movable handle, the
activation assembly selectively activatable to supply energy to the end effector
assembly.

10. The surgical instrument according to claim 9, wherein the activation
assembly is positioned such that the activation assembly is activated upon
movement of the movable handle to the closed position.

11. The surgical instrument according to claim 1, wherein at least one of the
fixed handle or the movable handle includes a finger ring.

12. A surgical instrument, comprising:

an elongated shaft including a proximal portion and a distal portion;

an end effector assembly coupled to the distal portion of the elongated
shaft, the end effector assembly including first and second jaw members
movable between a spaced-apart position and an approximated position;

a drive bar slidably disposed within the elongated shaft and operably
coupled to at least one of the first jaw member or the second jaw member such
that translation of the drive bar through the elongated shaft moves the first and
second jaw members between the spaced-apart position and the approximated
position;

a movable handle pivotably coupled to the drive bar via a first pivot pin,
the movable handle movable between an open position and a closed position to
translate the drive bar through the elongated shaft to thereby move the first and
second jaw members between the spaced-apart position and the approximated

position; and
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a linkage including a first end portion and a second end portion, the first
end portion of the linkage pivotably coupled to the movable handle via a second
pivot pin, the second end portion of the linkage pivotably coupled to the
elongated shaft via a third pivot pin,

wherein, in the closed position of the movable handle, the second pivot pin
is disposed in a near-over-center position relative to the first pivot pin and the
third pivot pin to reduce a force necessary to maintain the movable handle in the
closed position.

13. The surgical instrument according to claim 12, wherein the elongated shaft
defines a cut-out disposed therein configured to receive at least a portion of the
second pivot pin in the near-over-center position of the second pivot pin.

14. The surgical instrument according to claim 12, further comprising a fixed
handle fixed relative to the elongated shaft, wherein the movable handle is
movable relative to the fixed handle between the open and closed positions.

15. The surgical instrument according to claim 12, wherein each of the first and
second jaw members defines an electrically-conductive tissue-contacting surface
adapted to connect to a source of energy, the tissue-contacting surfaces
configured to grasp tissue therebetween in the approximated position.

16. The surgical instrument according to claim 12, wherein the movable handle
includes a clevis configured to couple at least a portion of the elongated shaft
with at least a portion of the linkage, the first and second pivot pins extending

within the clevis.
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17. The surgical instrument according to claim 12, wherein the elongated shaft
includes a pair of opposed slots defined therethrough, and wherein the first pivot
pin extends through the opposed slots of the elongated shaft.

18. The surgical instrument according to claim 12, further comprising an
activation assembly disposed on the movable handle, the activation assembly
selectively activatable to supply energy to the first and second jaw members.

19. The surgical instrument according to claim 18, wherein the activation
assembly is positioned such that the activation assembly is activated upon
movement of the movable handle to the closed position.

20. The surgical instrument according to claim 12, wherein the movable handle

includes a finger ring.
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