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(54) Title: DEVICES AND METHODS FOR CLAMPING AND CUTTING TISSUE

FIG. 1

(57) Abstract: Various exemplary devices and methods are provided for clamping and cutting tissue. In general, a surgical device is
provided having a handle and an elongate shaft extending distally therefrom with opposed jaws coupled to the elongate shaft's distal
end. First and second movable handles of the device's handle can be contfigured to move together during a first phase of travel, and
the second movable handle can be configured to move relative to the first movable handle during a second phase of travel. In the
first phase of travel, the first movable handle's movement can cause the jaws to move from an open position to a closed position. In
the second phase of travel, the second movable handle's movement can cause a cutting element to translate through the jaws. The
second phase of travel can be prevented from occurring until the first phase of travel has been completed.
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DEVICES AND METHODS FOR CLAMPING AND CUTTING TISSUE

FIELD OF THE INVENTION

(000171 The present disclosure relates generally to devices and methods for clamping and cutting

tissue,

BACKGROUND

[0002] In recent years surgery has markedly advanced through the performance of laparoscopic and
endoscopic surgical procedures such as cholecystectomies, gastrostomics, appendectomies, and
hernia repatr. Laparoscopic surgery, which can also be referred to as minimally invasive surgery, is
a surgical technique that includes operations performed through small incisions in the body of a
patient. Therce can be a number of advantages to the patient with laparoscopic surgery compared to
open procedurcs where larger incisions are made. For example, pain and hemorrhaging can be

reduced due to the smaller incisions and recovery times can be shorter.

100037 In a conventional laparoscopic procedure, a distal end of a laparoscopic or electrosurgical
device can be passed through a small incision in the skin of a patient. The distal end of the
iaparoscopic device is then positioned at or adjacent a surgical site. One or more surgical procedures
arc then performed at the surgical site, which can include cutting and/or scaling tissue. The distal
end of the laparoscopic device can be removed from the patient afier the completion of the surgical

procedure,

[0004] Many laparoscopic devices include a pair of jaws for grasping or otherwise effecting tissue.
Movement of the jaws between open and closed positions is controlled by an actuation assembly,
which transmits a force from the handle to the opposed jaws. The force required to close the jaws
can increase with thicker or stiffer tissue, and/or 1o applications where the jaws are applying a
closure mechanism, such as a clip or staple, to the tissue. The actuation asserobly can require
manual application of force by a user to actuate the actuation assembly, and this manual force can
become difficult to apply when the force required to actuate the actuation assembly becomes great,
such as in the case of thicker or stiffer tissue. Tn the event that excessive forces are transmitted by
the actuation assembly, andesired damage to the tissue can result. In addition, since the actuation

assembly requires precise timing and coordinated movement between numerous components,
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excessive forces applied to close the jaws can result in damage to the components of the actuation

assembly.

[0005] Accordingly, there remains a need for improved devices and methods for clamping and

cutting tissue,

SUMMARY

100067 A surgical device is provided that in one embodiment inchudes a proximal handle portion
with a stationary handle, a first movable handie, and a sccond movable handle. The second movable
handle can be locked to the first movable handle during a first phase of travel from a first initial
positon to a second, intermediate position such that the first and second movable handles move
together as a unit toward the stationary handle during the first phase of travel. The second mmovable
handle can be unlocked from the first movable handle during a second phase of travel from the
second position to a third and final position. The device can also include an clongate shaft exicnding
distally from the handle portion, first and second jaws at a distal end of the elongate shaft, and a
cutting element configured to move through the first and second jaws s0 as to cut tissue engaged by
the first and second jaws in response 1o the second movable handle moving toward the stationary
handle during the second phase of travel. The first and second jaws can be configured for relative
movement between an open position and a closed position, and the first and second jaws can be

configured to move from the open position to the closed position during the first phase of travel.

00071 The device can have any number of variations. For example, the first movable handie in the
second position can be locked in position relative to the stationary handle of the surgical device, and
the first movable handle can remain in the locked position during the second phase of travel. For
another example, the device can include one or more electrodes coupled to at feast one of the first
and second jaws. The one or more electrodes can be configured to apply radiofrequency {(R¥F)
energy to the tissue engaged by the first and second jaws. For vet another example, the device can
include a spring disposcd within the proximal handle portion. The spring can be configured to apply
a bias force to the second movable handle to hold the second movable handle in a fixed position after
the first phase of travel. The movement of the second movable handle during the second phase of
travel can be configured to overcome the bias force. For still another example, during at least the
first phase of travel at least one of the first and second jaws can be configured to apply RF energy to

tissue clamped between the first and second jaws.
2
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[0008] In some embodiments, the device can include a carn slot formed in the second movable
handle. The slot can include a pin locking cut out and a pin travel portion. The device can also
include a pin configured to move within the cam slot between the pin locking cut-out and the pin
travel portion of the slot. The pin can be configured to be seated in the locking cut-out when the first
and second movable handles are moving together, and the pin can be configured to shide in the pin
travel portion of the slot during the second phase of travel. In some embodiments, the device can
include a cam lever within the proximal handle portion. The cam lever can have a second slot
formed therein that includes a first leg and a second leg that extends transverse to the first feg, and
the cam lever can include a second pin configured to move between the first log and the second leg.
The second pin can be configured to slide in the first leg during the first phase of travel, and the
sccond pin can be configured to slide in the second leg during the second phase of travel. in some
embodiments, the cam lever can be configured to push the pin through the clongate portion of the

slot.

[G009] In some embodiments, the device can include a pin scated in a first slot formed in the first
movable handle and seated in a sccond slot formed in the second movable handle. The sccond slot
can be offsct at an angle from the first slot. The proximal handle portion can include a housing that
has a third slot formed therein. The third slot can be configured to force the pin into a first position
in which the second movable handle is locked to the first movable handle during the first phase of
travel, and to force the pin into a sccond position in which the seccond movable handlie s unlocked

from the first movable handle during the second phase of travel.

(00107 In another cmbodiment, a surgical device is provided that includes a proximal handle portion,
an clongate shaft extending distally from the proximal handle portion, an ond effector coupled to a
distal end of the clongate shaft, and a cutting clement. The proximal handle portion can includc a
body portion having a first slot formed therein, a first trigger configured to move relative to the body
portion in a first actuation of the proximal handle portion, a sceond trigger having a second slot
formed therein that has an clongate portion and a cut-out region adjacent to and in communication
with the clongate portion, and a first pin operatively coupled to and movable within the second slot.
The second trigger can be configured to move relative to the body portion simultancously with the
first trigger in the first actuation, and the sccond trigger can be configured to move relative to the
first trigger and the body portion in a second actuation of the proximal handle portion. The first pin

can be configured to remain within the second slot during the first actuation, and the first pin can be

~
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configured to slide in the elongate portion of the second slot during the second actuation. The end
effector can be configured to move from an open position o a closed position in response to the first
actuation. The cutting element can be configured to translate through the end effector in response to

the second actuation.

[0011] The device can vary in any number of ways, For example, in response to the first actuation,
the first pin can be configured to automatically move to the clongate portion of the second slot from
the cut-out region of the second slot. For another example, the device can include a spring
configured to move into contact with a surface of the second trigger in response to the first actuation
30 as begin applying a force to the second trigger. In some embodiments, the spring can be
configured to shide along the surface of the second trigger during the second actuation. In some
embodiments, the force applied by the spring can be configured to fix the sccond trigger in position
with respect to the body portion and the first trigger until a manual force applied to the second

trigger overcomes the force applied by the spring.

[0012] In another aspect, a surgical method s provided that in one embodiment includes actuating a
first trigger of a surgical device to simultaneously move the first trigger and a second trigger from a
first position to a second position, thereby causing a spring to contact the second trigger and begin

applying a force to the sccond trigger. Movement of the first and second triggers can cause first and

second jaws of the surgical device to clamp tissue therebetween, The method can also include

moving the sccond trigger, relative to the first trigger, from the second position to a third position,
thereby reducing the force applied by the spring to the second trigger, and thereby causing passage

of the knife blade along onc of the first and second jaws to cause the clamped tissue to be cut.

[00313] The method can have any number of variations. For example, moving the second trigger
relative to the first trigger can cause the spring to translate along a surface of the sccond trigger. For
another example, the method can inchude moving the second trigger from the third position to the
sccond position and then simultancously moving the first and second triggers from the second
position to the first position. The spring can cause the second trigger to move simuftancously with
the first trigger from the sccond position to the first position. For yet another example, moving the
second trigger from the sccond position to the third position can cause RF cuergy to be applicd to the
clamped tissuc. For still another example, simultancously moving the first and second triggers can
include applying a manual force to the sccond trigger.

4
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[0014] In soroe embodiments, a first pin seated in a first slot formed in the second trigger can remain
stationary in the fivst slot during the simuliancous movement of the first and second triggers so as to
prevent movement of the fivst trigger relative to the second trigger, and the first pin can move within
the first slot during movement of the second trigger relative to the first trigger. In some
embodiments, the simultancous movement of the first and second triggers can canse a second pin
seated in a first leg of a second slot formed in a cam member of the surgical device to move within
the first leg, and the movement of the second trigger relative to the first trigger can cause the second
pin to move within a second leg of the second slot that s transverse to the first leg and can cause the

cam member to move the first pin within the first slot.

BRIEF DESCRIPTION OF THE DRAWINGS

00157 This invention will be more fully understood from the following detailed description taken in

conjunction with the accompanying drawings, in which:

(00161 FIG. 1 is a perspective schematic view of one emboduuent of a surgical device configured to

clarap and cot tissue;
[0017] FIG. 2 1s a side schematic view of the surgical device of FIG. 1
[0018] FIG. 3 18 a perspective schematic view of a distal portion of the surgical device of FIG. 1;

(00191 FIG. 4 13 a cross-sectional schematic view of the distal portion of the surgical device of FIG.

3;

(4]

[0020] FIG. 5 is a perspective schematic view of one embodiment of a compression member;

[0021] FIG. 6 s a partially transparent cross-sectional side view of a proximal portion of the surgical

device of FIG. 1

F0022] FIG. 7 is a schematic side view of a sclection of components in the proximal portion of the

surgical device of FIG. 6;

[0023] FIG. € s a side schematic cross-sectional view of the proximal portion of the surgical device

of FIG. §;

wn
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[0024] FIG. 9 15 a perspective view of a selection of components in the proximal portion of the

surgical device of FIG. 6;
[0025] FIG. 10 15 a side schematic cross-sectional view of a housing of the surgical device of FIG. [
[0026] FIG. 11 is a side view of a fivst movable handie of the surgical device of FIG.

160271 FIG. 12 15 a porspective schematic view of the first movable handle of FIG. 11,

(00257 FIG. 13 is a perspective schematic view of a second movable handle of the surgical device of
FIG. 1;

(00291 FIG. 14 i3 a side view of the second movable handle of FIG. 13;
F0030] FIG. 15 is a perspective schematic view of a first cam fever of the surgical device of FIG. 1

(00317 FIG. 16 i a perspective schematic view of a second cam lever of the surgical device of FIG.

1.

2

(00321 FIG. 17 is a partially transparent cross-sectional side view of the proximal portion of the

surgical deviee of FIG. 6 with the first movable handle moved to a closed position;

(00337 FEG. 18 is a partially transparent cross-sectional side view of a portion of the surgical device

of FIGG. 17,

[0034] FIG. 19 15 a partially transparent cross-sectional side view of the proximal portion of the

surgical deviee of FIG. 17 with the second movable handle in an intermediate position; and

[0035] FIG. 20 15 a partially transparent cross-sectional side view of the proximal portion of the

surgical device of FIG. 19 with the second movable handle in a closed position,

DETAILED DESCRIPTION

10036} Certain exemplary embodiments will now be described to provide an overall understanding
of the principles of the structure, function, manufacture, and use of the devices and methods
disclosed herein. One or more examples of these embodiments are illustrated 1o the accompanying

drawings. Those skilled in the art will understand that the devices and methods specitfically
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described herein and tlustrated in the accompanying drawings are non-limiting exemplary
erobodiments and that the scope of the present invention is defined solely by the claims, The
features illustrated or described in connection with one exemplary embodiment may be combined
with the features of other embodiments. Such modifications and variations are intended to be

included within the scope of the present invention.

00377 Further, in the present disclosure, like-named cormponents of the embodiments generally
have similar features, and thus within a particular embodiment each feature of each like-named
component is not necessarily fully elaborated upon. Additionally, to the extent that tincar or circular
dimensions are used in the description of the disclosed systems, devices, and methods, such
dimensions are not intended to limit the types of shapes that can be used in conjunction with such
systems, devices, and methods. A person skilled in the art will recognize that an equivalent to such
Hinear and circular dimensions can casily be determined for any geometric shape. Sizes and shapes
of the systems and devices, and the components thereot, can depend at least on the anatomy of the
subject in which the systems and devices will be used, the size and shape of components with which
the systems and devices will be used, and the methods and procedures in which the systems and

devices will be used.

[0038] Various exemplary devices and methods are provided for clamping and cutting tissue. In
general, a surgical device is provided having a handle and an clongate shaft extending distally
therefrom with opposed jaws coupled to a distal end of the elongate shaft. The handle can include
first and second movable handles. The first movable handle can be configured to move between an
open position and a closed position for causing corresponding movement of the jaws between open
and closed positions. The second movable handle can be configured move between an open position
and a closed position for causing a cutting element to translate through the jaws and cut tissuc
clamped between the jaws, ¢.g., when the jaws are in the closed position. The first and second
movable handles can be configured to move together during a first phasc of travel, and the second
movabie handle can be configured to move relative to the first movable handle during a sccond
phase of travel. In the first phase of travel, the first movable handie’s movement can cause the jaws
to move from the open position to the closed position. The movement of the second movable handle
during the first phase of travel can have no cffect on the cutting element, e.g., the cutting clement
can remain in a stationary position relative to the jaws during the fivst phase of travel. Tissue can

thus be clamped between the jaws in the closed position. In the second phase of travel, the second

7
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movable handle’s movement can cause the cutting clement to translate through the jaws, thereby
cutting the tissue clamped between the jaws during the first phase of travel. The second phase of
travel can be prevented from occurring until the first phase of travel has been completed, e.g., until
the first movable handle has moved through its full phase of movement, which can help improve
safety and/or help increase user control over clamping and cutting. In other words, the device can be

configured to prevent the cutting of tissue until the jaws have been closed.

(00391 The first and second movable handles can be arranged such that a single hand of a user can
engage both of the first and second movable handles in a single stroke including both the first and
second phases of travel. The user can thus cause jaw closure and tissue cutting in one stroke without
requiring repositioning of the user’s hand between closure and cutting. The arrangement of the first
and second movable handles to allow for single hand actuation of the first and second movable
handles can provide for a low grip span such that hands of many different sizes can engage and

move the first and second movable handles.

00407 The surgical device can inchide a bias element configured to cooperate with the second
movabie handle in the second phase of travel. The bias element can be configured to only be in
contact with the second movable handle during the second phase of travel so as to not apply a force
to the second movable handle until the first phase of travel has been completed. The force applied
by the bias clement to the second movable handle thus need not be overcome during the first phase
of travel since the force has not vet been applied, which can make it casier to close the jaws and/or
can reduce chances of excess force being applied to the device so as to cause any damage thereto
during the first phase of travel. The force applied by the bias clement to the sccond movabie handle
can be configured to gradually decrease during the second phase of travel, which can help allow a
iower force to be applied by a user to the sccond movable handic to effect the cutting of tissue.
Particularly with tissue that is difficult to cut, such as if the tissue is thick, tough, irradiated, and/or
caleified, this reduced amount of user-applied force can provide for a better user experience,
smoother cutting of the clamped tissue, and/or reduced chances of excess foree being applied to the

device 8o as to cause any damage thereto.

100417 The surgical device can be configured to scal tissue positioned between the opposed jaws,
such as by applying cncrgy, ¢.g., RF encrgy, to the tissue. The movement of the second movable
handle in the second phase of travel can cause the energy can be applicd. In some embodiments, the

8
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movement of the second movable handle in the second phase of travel can only cause the cutting
element to cut the clamped tissue, e.g., cut without sealing. Causing cutting without also causing
scaling can help reduce a number of parts of the device, which can make the device casier to
mamufacture and/or can reduce a cost of the device. In some embodiments, the movement of the
second movable handle in the second phase of travel can cause the cutting element o cut the
clamped tissue and can cause the sealing of the clamped tissue. Causing both cutting and sealing can
facilitate the quickest healing of tissue. The energy can be applied in a variety of ways, as will be
appreciated by a person skilled in the art. Exemplary embodiments of sealing tissue by applying
energy thereto are described in US Pat. Pub. No. 2012/0078139 entitled “Surgical Gencerator For
Ultrasonic And Electrosurgical Devices” filed October 3, 2011, US Pat. Pub. No. 2012/0116379
entitled “Motor Driven Electrosurgical Dievice With Mechanical And Electrical Feedback™ filed
June 2, 2011, and US App. No. 14/166,194 entitled “Surgical Devices Having Controlled Tissue
“utting And Sealing” filed January 28, 2014, which are hereby incorporated by reference in their

entireties.

(00427 FIGS. 1 and 2 illustrate one embodiment of a surgical device 180 configured to clamp and
cut tissue, The device 100 can include a proximal handle portion 1€, a shatt portion ¥, and an end
effector 14 coupled to a distal end of the shaft portion 8. The proximal handic portion 10 can be
configured to have at lcast a portion thereof held by hand. The proximal handle portion 10 can be
configured to carry various actuators configured to actuate the end effector 14, as discussed farther
below. As in the tHustrated embodiment, the proximal handle portion 10 can include a body portion
6 {also referred to as a “housing™), a first movable handle 20, a second movable handle 22, and a
stationary handle 24. The “movable handles™ are also referred to herein as “triggers.” In gencral,
the body portion 6 can be configured to house various clements therein that are configured to
facilitate clamping and cutting of tissue, as discussed further below. The stationary handle 24 can
form a portion of the housing 6 as in this illustrated emboditnent. Moverment of the first movable
handle 20 toward and away from the stationary handle 24, such as by manual roovement by a hand
of a user, can adjust a position of the end effector 14, Movement of the second movable handle 22
toward and away froro the stationary handle 24, such as by manual movement by a hand of a user,
can cause tissue engaged by the end effector 14 1o be cut, and in some embodiments, also have
energy applied thereto. As discussed further below, the first and second movable handles 20, 22 can

be configured to move in unison relative 1o the stationary handle 24 during a first phase of travel,

g
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and the second movable handle 22 can be configured to move relative to the first movable handle 20
and the stationary handie 24 during a second phase of travel. The shaft portion 8 can exiend distally
from the proximal handle portion 10 and can have a lumen 13 (shown in FIG. 4} extending
therethrough. The bore can carry mechanisms for actuating the end effector 14, such as a jaw

closure tube and/or a drive shaft.

[0043] The shaft portion 8 can have a variety of sizes, shapes, and configurations. The shaft portion
8 can include an clongate shaft 12, e.g., an outer shaft of the shaft portion 8. The device 100 can
include a rotation mechanism configured to rotate the shaft portion & abowut a longitudinal axis 1.2
thereof. As in this illustrated crabodiment, the rotation mechanism can include a knob 26, which can
be configured to rotate to rotate the shaft portion 8. As in this llustrated embodiment, such rotation
may provide rotation of the end effector 14 and the shaft portion 8 unitarily. In other embodiments,
the rotation mechanism can be operable to rotate the end effector 14 without rotating any portion of
the shaft portion & that is proximal of an articulation section 29 in a distal portion of the shaft portion
&. In other embodiments, the device 100 can include one rotation mechanism that provides
rotatability of the shaft portion 8 and the end effector 14 as a single unit, and another rotation
mechanism that provides rotatability of the ond effector 14 without rotating any portion of the shaft
portion § that is proximal of the articulation section 29, Gther suitable rotation schemes will be

apparent to those skilled in the art. In some cmbodiments, rotatable featuires may be omitted.

(00447 As in this illustrated embodiment, the device 100 can include an articulation mechanism
configured to selectively control articulation of the end effector 14 about the articulation section 29,
The articulation mechanism can have a variety of configurations, such as a knob 27 configured to
rotate to effect the articulation, as in this iHustrated embodiment. Actuation of the articulation
mechanism, ¢.g., rotation of the knob 27, can be configured to causc articulation of the articulation
section 29, thereby adjusting an angular orientation of the end cffector 14, The articulation section
29 can have a varicty of sizes, shapes, and configurations, As in this illustrated cmbodiment, the
articulation section 29 can include a plurality of articulatable segments 31, The device 100 in this
illastrated embodiment includes five segroents 31, but it can include any murnber of segments 31,
The articulation section 29 can be in a distal portion of the shaft portion 8 that is proximal to a distal-
most end of the shaft portion & such that articulation of the articulation section 29 can articulate the

end effector 14 as well as a distal-most portion of the shaft portion 8.

10
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[0045] The end effector 14 can have a varicty of sizes, shapes, and configurations. As shown in
FIGK. -4, the end effector 14 can include a first, apper jaw 16a and a second, lower jaw 16b cach
disposed at a distal end 84 of the shaft portion & One or both of the upper and lower jaws 16a, 16b
can be configured to close or approximate about a longitudinal axis L1 of the end effector 14, Both
of the jaws 16a, 16b can be moveable relative to the shaft portion 8 such that the end effector 14 can
be moved between open and closed positions, or only one the gpper and lower jaws 16a, 16b can be
configured to move relative to the clongate shaft 12 and to the other of the jaws 16a, 16bso as to
move the end effector 14 between open and closed positions. In this illustrated embodiment, the
upper jaw 16a is configured to move relative to the bottom jaw 16h, which is configured to remain
stationary relative to the clongate shaft 12, When the end effector 14 is in the open position, as
shown in FIGS. 1-4, the jaws 16a, 16b can be positioned at a distance apart from one another with
space therebetween. As discussed further below, tissue can be positioned within the space betwee
the jaws 16a, 16b. When the end cffector 14 s in the closed position, a longitudinal axis of the
upper jaw 16a can be substantially paralicl to a longitudinal axis of the lower jaw 16b, and the jaws
16a, 16b can be moved toward one another such that the distance therebetween is loss than when the
end effector 14 is in the open position. In some cmbodiments, facing cngagement surfaces 18a, 18h
of the jaws 16a, 16b can be in direct contact with one another when the end effector 14 is in the
closed position such that the distance between is substantially zero. In this iHustrated embodiment,
the upper jaw 16a is configured to pivot relative to the clongate shaft 12 and relative to the lower jaw
16b while the lower jaw 16b remains stationary. In this illustrated embodiment, the jaws 16a, 16b
are curved along the longitudinal axis L1 of the end effector 14, but a person skilled in the art will
appreciaie that one or both of the jaws 16a, 16b can have a substantially clongate and straight shape.
The longitudinal axis L1 of the end effector 14 can be parallel to and coaxial with a longitudinal axis
of the clongate shaft 12 at least when the end effector 14 1s in the closed configuration, and if the end
effector 14 15 configured to articulate relative to the clongate shaft 12, when the end effector 14 s

not articulated relative to the clongate shaft 12,

[0046] The jaws 16a, 16b can have any soitable axial length LA for engaging tissue, where the axial
iength LA 1s measured along the longitudinal axis L1 of the end effector 14, as shown in FIGS. 2
and 3. The axial length LA of the jaws [6a, 16b can also be selected based on the targeted
anatoroical structure for transection and/or scaling. In an exemplary embodiment, the jaws 16a, 16b

have a substantially equal axial length LA,
yeq g
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[0047] The jaws 16a, 16b can have any nuomber and any combination of features configured to
facilitate grasping tissue between the facing surfaces 18a, 18b of the jaws 16a, 16b. The first and
second engagement surfaces 18a, 18b can ¢ach be configured to directly contact tissue. Either one
or both of the engagement surfaces 18a, 18b can include one or more surface features (not shown)
formed thereon that can help secure the tissue thereon. The one or more surface features can
facilitate grasping of tissue, can be configured to increase friction between the tissue and the
engagement surfaces 18a, 18b of the jaws 16a, 16b without tearing or otherwise damaging the tissue
in contact with such surface features, and/or can facilitate forming substantially smooth, uniform
layers of tissue to improve tissue cffect. Examples of the surface features can include tecth, ridges,

and depressions.

{00481 The jaws 16a, 16b can have any number and any combination of features configured to
facilitate sealing tissue between the facing surfaces 18a, 18b of the jaws 16a, 16b. As mentioned
above, the sealing of tissue can be effectuated using cnergy such as RF encrgy. As in this illustrated
embodiment, the end effector 14 can include a plurality of electrodes 19, e.g., opposing polarity
conductors, configured to apply encrgy to tissue clamped by the end cffector 14, The clectrodes 19
can be on only one of the jaws 16a, 16b or on both of the jaws 16a, 16b. Only onc of the clectrodes
19 is visible in FIG. 3, but the upper jaw 16a in this illustrated embodiment includes another
clectrode 19 aligned with the visible clectrode 19, and the upper and lower jaws 16a, 16b in this
illastrated embodiments includes another pair of clectrodes 19 axially aligned with the previously-
mentioned clectrodes 19 that arc on an opposiic side of a longitudinal slot 21 formed in and
extending along the lower jaw 16b. The other of the lower jaw's clectrodes 19 15 shown in FIG. 4.
Exemplary embodiments of clectrodes configured to apply energy to tissue are described in
previously mentioned US App. No. 14/166,194 entitled “Surgical Devices Having Controlled Tissue

Cutting And Sealing” filed January 28, 2014,

(00497 As in this illustrated ermbodiment, the device 100 can include an activation mechanism 25
configured to activate the electrodes 19 causce the clectrodes 19 to apply cnergy to tissue in contact
therewith. The activation button 25 can be operable to sclectively activate RF circuitry that is in
communication with the end ctfector 14, In some embodiments, the activation mechanism 25 can be
configurcd as a mechanical lockout against the sccond movable handle 22, such that the sccond
movable handle 22cannot be actuated unless the activation mechanism 25 is pressed simultancously

with movement of the second movable handle 22 relative to the first movable and stationary handles
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20, 24 as, for example, described in previously mentioned US Pat. Pub. No. 2012/01 16379 entitled
“Motor Driven Electrosurgical Device With Mechanical And Electrical Feedback” filed June 2,

2011,

00507 One or both of the first and second jaws 16a, 16b can melude one or more features
configured to interact with a compression member {not shown) configured to apply compressive
forces on tissue. For example, the first jaw 16a can include a longitudinal slot (not shown) facing
the longitudinal slot 21 of the second jaw 16b that can each receive portions of a compression
member and act as a track to direct movement of the compression member. As another example, the
first and second recessed slots can be configured to receive portions of a second portion of a cutting

clement (not shown}, as discussed further below.

(00517 The compression member can have various sizes, shapes, and configurations. The
compression member can have an clongate shape and can be moveable proximally and distally along
the longttudinal axis Li of the end effector 14, One embodiment of a compression member 28 is
ihustrated in FIG. 5. As shown, the compression member 28 can have a proximal end 28p, a distal
end 28d, and a medial portion 28m extending therebetween, The proximal end 28p and the medial
portion 28m of the compression member 28 can be sized and shaped to reciprocate within the shaft
portion 12 of the device 100, The distal end 28d of the compression member 28 can be sized and
shaped to intcract with the jaws 16a, 16b of the end effector 14, A longitudinal axis Le of the
compression member 28 can be paralict to and coaxial with the longitudinal axis L1 of the end
cffector 14, though other configurations are possible. The compression member 28 can be actuatable
from the proximal handle portion 10 of the device 100 by the sccond movable handle 22, as
discussed further below. In general, the second movable handle 22 can be configured to be manually
manipulated by a user to cause actuation of one or more other device elements, such as the
compression member 28, Other examples of a firing actuator that can actuate the compression

member 28 include a lever, a knob, a switch, and a depressible button.

(00521 The compression member 2¥ can include a connecting portion 30¢ and upper and lower
flanges 30a, 30b, thus providing an “I” cross-sectional shape for the compression member 28, As in
the illustrated embodiment, the upper and lower flanges 30a, 30b can be positioned substantially
perpendicular to the connecting portion 30¢ to form the “I” cross-sectional shape. The upper and
lower flanges 30a, 30b can be sized and shaped to allow the upper and lower flanges 30a, 30b to
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shide in the longitadinal slot in the upper jaw 16a and in the longttudinal slot 21 of the lower jaw
16b. This shiding contact of lateral edges of the flanges 30a, 30b and sides of each of the
longttudinal slots can prevent lateral flexing of the jaws 16a, 16b. The compression member 28 can
have various other configurations. For example, the upper flange 30a can have a width that is
greater than a width of the lower flange 30b, the widths being measured in a direction perpendicular

to the longitudinal axis L1 of the end effector 14.

{00531 For another example, the compression member can have a wedge shape, such as in an
embodiment of a compression member 28a itlustrated in FIG. 4. As in this illustrated embodiment,
the compression member 28 can form a distal tip of a drive shaft 33 slidably moveable in the lumen
3 of the shaft 12 that moves through the end effector 14 such that only a distal portion of the drive
shaft 13 includes the compression member 28, As in this Hlustrated embodiment, a longitudinal
length of the compression member 2&8a can be less than the longitudinal length LA of the end
effector 14 such that a distal tip of the drive shaft 33 that includes the compression member 28a can
move through the end effector 14 without the compression member 28a extending along the entire
longitudinal length LA of the end effector 14, Alternatively, the compression member 28a can be
along an entire longitudinal length of the drive shaft 33, ¢.g., the drive shaft 33 can have an “1” shapc
along its longitudinal length. The compression member 28a can thus extend along the end cffect
entire longitudinal length LA when the compression member 28a is in ifs distal-most position

relative to the end effector 14,

(00541 The device 100 can include a cutting clement {not shown) configured to cut tissue captured
between the jaws 16a, 16D, The cutting element can have various sizes, shapes, and configurations.
Examples of the cutting eloment include a knife blade and a sharp edge. The cutting clement can be
sized and shaped to cut various thicknesses and types of tissue positioned between the jaws 16a, 16b
of the end effector 14, As shown in the embodiment tliustrated in FIG. 4, a cutting clement 35 can
be positioned at a distal end of the compression member 28a, such as in this illustrated embodiment
by being formed on the compression member 28a as an integral part thereof, ¢.g., as a sharpened
edge thereof, or as a member attached thereto, ¢.g., a blade mounted thercon. The cutting clement
35 can have a sharp or serrated edge configured to transect tissue. In an exemplary embodiment, the
cutting clement 35 can be recessed relative to distal ends of upper and lower flanges of the
compression member 28a that slide within the jaws’ longitudinal slots, which can allow compression

to occur prior to the cutting element 35 cutting tissue as the compression member 28a traverses
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through the jaws 16a, 16b. In another embodiment, the cutting element can be configured such that
it is not attached to the compression member 28, such that the cutiing clement can be configured to
advance and retract relative to the jaws 16a, 16b s0 as 1o cut tissue sandwiched therebetween without
applying compression (o the tissue. In this embodiment, the device 100 can include a separate

compression member s¢ that fissue engaged by the jaws 16a, 16b can still be compressed.

[0055] As mentioned above, the first and second movable handles 20, 22 can be configured to allow

selective firing and closing of the device 100, The first movable handle 20 can be configured to
move, e.g., ptvot, relative o the stationary handle 24, ¢.g., to the device’s housing 18, to cause the
jaws 16a, 16b of the end effector 14 to move between open and closed positions. The first movable
handle 20 can have a first, initial position in which the first movable handle 20 1s angularly offset
from the stationary handle 24 and in which the jaws 16a, 16b are open, as shown in FIGS. 1, 2, and
6-9. The first movable handle 20 can have a second, closed position that is different from the initial
position and in which the first movable bandle 20 1s positioned adjacent to or sabstantially in contact
with the stationary handle 24 and in which the jaws 16a, 16b can engage tissue and apply a force to
tissue disposed therebetween. The first movable handle 20 can include a locking feature 20a, ¢.g., a
protrusion having a shape, configured to mate with a corresponding locking feature 242, ¢.g., 2
recess having a shape configured to fixedly hold the protrusion’s shape, of the stationary handle 24
5o as to lock the first movable handle 20 in the second position. FIG. 1 illustrates the housing 6
including the stationary handle 24 and the stationary handle’s locking feature 24a. The first movable
handle 20 can have any number of intermediate positions between the initial and closed positions in
which the first movable handle 20 is angularly oriented relative to the stationary handie 24 and in
which the jaws 16a, 16b are between the open and closed positions. The first movable handle 20 can
be biased to the initial position in which the jaws 16a, 16b are open. Movement of the first movable
handle 20 toward the stationary handle 24, can cause the jaws 16a, 16b to close, and movement of
the first movable handle 20 away from the stationary handle 24, can causc the jaws 16a, 16b to open.
In general, the movement of the fivst movable handle 20 can caunse the shaft 12 to translate
longitudinally relative to the end effector 14 as a closure tube s0 as to effect movement of the upper

jaw toarelative to the lower jaw 16b,

[0056] The sccond movable handle 22 can be configured to move, ¢.g., pivet, relative to the
stationary handle 24, e.g., to the device’s housing 10, to cause the cutting element 35 to transiate

along the end effector 14, ¢.g., translate longitudinally therethrough. As in this illustrated
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embodiment in which the compression meraber 28a is attached to the cutting element 35, the second
movable handle’s movement can also cause the corpression mewmber 28a 1o translate along the end
effector 14, e.g., translate longitudinally therethrough by sliding within the jaws’ longitudinal slots.
The second movable handle 22 can have a first, initial position in which the second movable handie
22 is angularly offset from the stationary handle 24, in which the second movable handle 22 is at a
first distance from the first movable handie 20, and in which the cutting clement 35 is in a proximal,
initial position adjacent proximal ends of the jaws 16a, 16b, as shown in FIGS. 1, 2, and 6-9. The
second movable handle 22 can have a second, ready position in which the first movable handle 20 1
in its second, closed position, in which the second movable handle 22 is still at the first distance
from the first movable handle 20, and in which the cutting clement 35 is stilf in the proximal, initial
position. The sccond movable handle 22 can have a third, closed position that is different from the
initial and ready positions and in which the second movable handle 22 is positioned adjacent to or
substantially in contact with the first movable handle 20, in which the sccond movable handle 22 is
at a second distance from the first movable handle 20 that is less than the first distance, and in which
the cutting clement 35 is in a distal, fired position adjacent distal ends of the jaws 16a, 16b, c.g., ata
distal end of the jaws’ longitudinal slots. The second movable handle 22 can have any number of
intermediate positions between the initial and ready positions and between the ready and closed
position in which the first movable handle 20 s angularly oriented relative to the first movable
handle 20 and the stationary handle 24. The second movable handle 22 can be biased to its initial
position in which the cutting clement 35 is adjacent proximal ends of the jaws 16a, 16b. Movement
of the second movable handle 22 toward the stationary handle 24 can cause the cutting element 35 to
move distally relative to the jaws 16a, 16b 50 as to cut tissue clamped by the end effector 14 since
the cutting element 35 faces in a distal divection, and movement of the second movable bandle 22
away from the stationary handle 24 can cause the cutting element 35 to move proxinally relative to
the jaws 16a, 16b without cutting any tissue clamped by the end effector 14, In general, the
movement of the second movable handle 22 can cause the drive shaft 33 to translate longitudinally,

thereby causing translation of the compression member 28a and the cutting element 35 fixed thereto.

100571 The first and second roovable handles 20, 22 can be configured 1o be locked in position
relative to one another daring a first phase of travel in which the first and second movable handles
20, 22 can move simultancously relative to the stationary handle 24, The first distance between the

first and second movable handles 20, 22 can thos be maintained throughout the first phase of travel
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The first phase of travel can correspond to the fivst movable handle 20 moving {from s initial
position to s closed position and the second movable handle 22 moving from its initial position to
its ready position. Puring the first phase of travel, the first and second movable handles 26, 22 can
be configured to move together as a unit. Accordingly, a manual force can be applied to either one
or to both of the first and second movable handles 28, 22 to effect movement of the handles 20, 22 in
the first phase of travel. In an exemplary embodiment, the manual force can be applied to the second
movable handle 22 to effect the simuitancous movement of the first and second movable handles 20,
22, e.g., by a user positioning their palm on the stationary handle 24 and positioning at least one
finger on the second movable handle 22 that can be pulled toward the stationary handle 24 to pull
both the handles 20, 22 toward the stationary handle 24 due to the fixed positioning of the first and
sccond movable handles 20, 22 relative to one another in the first phasc of travel. Such hand
positioning can be a natural, comfortable hand position, thereby helping make the device 100 casy

and comfortable to use.

[G058] A second phase of travel can follow the first phase of travel. The sceond phase of travel can
correspond to the second movable handle 22 moving from its ready position to its closed position.

in the second phase of travel, the first movable handle 20 can be configured to remain in its closed
position, ¢.g., in a fixed position relative to the stationary handle 24, and the second movable handle
22 can be configured to move relative to the second movable and stationary handles 20, 24, The
seeond movable handle 24 can thus be unlocked from the first movable handle 22 in the second
phase of travel such that the first and second movable handles 20, 22 no longer move in unison in the
sceond phase of travel. A manual force can be applied to the second movable handle 22 to effect the
movement of the second movable handle 22 in the second phase of travel. The user’s hand can be in
the same position on the device 100 during the first and second phases of travel, ¢.g., with the user
positioning their palm on the stationary handic 24 and positioning at least one finger on the second
movable handle 22, such that the user need not reposition their hand between the first and second
phases of travel. Claroping tissue and cutfing tissue can thus be casily and quickly effected by a user

during a surgical procedure.

100597 The device 100 can be configured to allow the first and second phases of travel in a varicty of
ways. As discussed further below, the first movable handle 20, the second movable handle 22, and

various coraponents of the device 100 that can be at least partially disposed within the housing 6 can
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cooperate to allow the fivst and second phases of travel, as well as the tissue clamping and tissue

cutting associated with the first and second phases of travel, respectively.

(00607 FIGS. 11-16 illustrate various internal cormponents of the device 100 that can be disposed at
lcast partially within the housing 6, and 1o particular componenis of an actuation assembly
configured to transfer forces from the first and second movable handles 20, 22 to the end effector 14,
While the actuation assembly can have various configurations, in the illustrated embodiment the
actuation assembly generally includes the first movable handle 20 (also ifhustrated in FIGS. 11 and
12}, the second movable handle 22 {(also illustrated tn FIGS. 13 and 14}, a first cam lever 32 (also
ifhastrated in FIG. 15} coupled to the first movable handie 28, and a second cam lever 34 coupled to

the second movable handle 22 (also ilustrated in FIG. 16).

(006171 In gencral, the first movable handle 20 can be configured to move from its initial position
toward its closed position, which in furn can cause the first cam lever 32 to rotate and thereby
advance the clongate shaft 12 distally. A distal end 32d of the first cam lever 32 can be coupled to
the elongate shaft 12, as shown for example in FIGS. 6, 7, and 9, which can allow the movement of

the first cam fever 32 o cause movement of the elongate shaft 12,

(00621 A shape of the first movable handle 20 can vary depending on other components of the
handle portion 10, but as in the hustrated embodiment, the first movable handle 20 can include an
upper portion 20u and a lower portion 28/, The lower portion 20/ can be configured to facilitate
grasping by a user, such as by including a curved gripping surface 60 configured to receive one or
more fingers of a user to facilitate pulling of the first movable handle 28 toward the stationary
handle 24. However, as mentioned above, in an cxemplary embodiment, a user need not manually
mantpulate the first movable handle 20 in order to effect movement of the first moveable handle 20,
The upper portion 20u can be configured to be disposed within the proximal handle portion 10, e.g.,
within the housing 6 of the proximal handle portion 10. As in the illustrated embodiment, the upper
portion 20u can include a first bore 5 formed therein and configured to scat a first pin 44 therein, a
first cam slot 52 formed therein and configured to secat a second pin 46 therein, and a sccond cam
slot 54 formed thercin and configured to slidably seat a third pin 56 therein. The second pin 46 can
be seated in an upper portion of the first cam slot 52 when the first movable handle is in its initial
and intcrmediate positions and can move to a lower portion of the first cam slot 52 when the first
movable handle 20 reaches its closed position. The first cam slot 52 can have a width that prevents
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the second pin 46 from moving horizontally therein. The first pin 44 can define a trigger pivot axis
Pa about which the first movable handle 20 can be configured to rotate under normal load
conditions. The first pin 44 can be mounted within the housing 6 to allow pivotal movement of the

first movable handie 20 about the trigger pivot axis Pa.

[0063] The second pin 46 can be configured 1o be coupled to the housing 6. As shown in FIGS. 6
and 10, the housing 6 can include a third carm slot 4 formed in an interior surface thereof. The third
cam slot 4 can be configured to shdably seat the second pin 46 therein, The third cam slot 4 can
have a distal, upper portion 44, a proximal, lower portion 4p, and an intermediate portion 41 angled
downward from the upper portion 44 to the lower portion 4p. When the first and second movable
handles 20, 22 are in their inttial positions, the second pin 46 can be seated at a distal end of the third
cam slot 4 in the distal portion 44, as shown in FIG. 6. During the first phase of travel, the second
pin 46 can be configured to shide proximally from its seated position at the third cam siot’s distal end
within the distal portion 4d of the third cam slot 4, into the intermediate portion 41 of the third cam
stot 4, and slide proximally within the intermediate portion 4i of the third cam slot 4. The second
pin 46 can thus be positioned at a distal end of the proximal portion 4p of the third cam slot 4 at the
end of the first phase of travel when the second movable handle 22 is in its ready position. The
sccond pin 46 can be configured to shide proximally within the distal portion 4d of the third cam slot

4 during the second phase of travel.

[0064] A shape of the first cam lever 32 can vary depending on other components of the handle
portion 10, but as in this Hlustrated embodiment, the first cam lever 32 can include an upper portion
32u and a lower portion 32/, The lower portion 32/ can be configured to be coupled to the first cam
iever 32 via a fourth cam slot 68 formed in the first cam lever 32, The third pin 56 slidably seated in
the first movable handle’s sceond cam slot 54 can be configured to be slidably scated in the first cam
iever’s fourth cam slot 68, Accordingly, movement of the first movable handle 20 can cause the
third pin 56 to shide within the fourth cam slot 68 to transiate a bias force exerted by the first spring
58 into a rotational force applied to the first cam lever 32, The first cam lever 32 can include a third
bore 70 formed therein and configured to scat the first pin 44 therein. Accordingly, the first cam

iever 32 can be configured to rotate about the trigger pivot axis Pa defined by the first pin 44,

(00651 A first biasing clement 58 at the proximal handle portion 10 can be configured to bias the
first movable handle 20 to its initial position. A foree applied to the first movable handle 20, ¢.g., a
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manual force applied by the user to the first movable handle 20 during the first phase of travel, can
be adequate force to overcome the biasing force apphied by the first biasing member, thereby
allowing the first movable handle 20 to pivot about the trigger pivot axis and move from ifs first

position toward its second position.

e I

[0066] In general, the second roovable handle 22 can be contigured to move from its initial position
toward s ready position in the first phase of travel, which in turn can cause the second caro lever 34
to rotate until a second biasing element 38 moves into contact with a surface 39 of the second
movable handle 22 when the second movable handle 22 reaches the ready position so as to begin
applying a force to the second movable handle 22, Movement of the second movable handle 22
from its ready position to its closed position in the second phase of travel can causc the second cam
lever 34 to rotate, €.g., t0 continue rotating in the same direction as during the first phase of travel,
which i turn can cause the second biasing element 38 to rotate and slide along the surface 39, and
can cause a firing bar 36 to advance distally. The force applied by the sccond biasing clement 38
can decrease as the second movable handle 22 rotates, thereby making it casier for a user o
overcome that force and cause the cutting clement’s translation through the ond effector 14, The
second movable handie’s surface 39 can be angled in a distal direction when the second biasing
clement 38 slides therealong to allow the force to decrease. The distal movement of the firing bar 36
can cause a cam member 40 coupled to the firing bar 36 to rotate, ¢.g., in a direction opposite to the
rotation of the second cam lever 34, The rotation of the carn member 40 can cause a firing rod 42
coupled to the cam member 40 to move distally. A distal end (not shown) of the firing rod 42 can be
coupled to a proximal end (not shown) of the drive shaft 33 such that the distal moverent of the
firing rod 42 can causc the drive shaft 33, and hence the cutting clement 35 and compression

member 28a coupled thereto, to move distally relative to the end cffector 14,

100671 A shape of the second movable handle 22 can vary depending on other components of the
handle portion 10, but as in the illustrated embodiment, the second movable handle 22 can include
an upper portion 22u and a lower portion 22/, The lower portion 22/ can be configured to facilitate
grasping by a user, such as by including a curved gripping surface 62 configured to receive one or
more fingers of a yser to facilitate pulling of the second movable handle 22 toward the stationary
handle 24 and, in the second phase of travel, also toward the first movable handle 20. The upper
portion 22u can be configured to be disposed within the proximal handle portion 10, e.g., within the

housing 6 of the proximal handle portion 10, As in the illustrated embodiment, the upper portion
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22u can include a fourth bore 80 formed therein and configured to seat the first pin 44 therein.
Accordingly, the second movable handle 22 can be configured to rotate about the trigger pivot axis
Pa defined by the first pin 44, Also as in the illustrated embodiment, the upper portion 224 can
include a fifth cam slot 86 formed therein and configured to slidably seat the second pin 46 therein, a
fourth pin 72 configured to couple the second movable handle 22 with the second cam lever 34, a
first coupling member 64 {e.g., a protrusion extending from a surface thereof) configured to couple
the second movable handle 22 with the second cam lever 34, and a first engagement member 66
configured to engage the second cam lever 34 and to facilitate movement of the second pin 46 within
the fifth cam slot 86, The first cam slot 52 formed in the first movable handle 20 can cooperate with
the fifth cam slot €6 and the second pin 46 to lock the first and second movable handles 20,22 ina
fixed position relative to one another when the first and second movable handles 28, 22 are in their
initial positions and during the first phase of travel. The first cam slot 52 can extend vertically, ¢.g.,
top to bottom, so as to allow the second pin 46 to slide vertically therein, as discussed above when

the second pin 46 moves to the lower portion of the first cam slot 52.

[0068] The fifth cam slot 86 can include a lower, travel portion &6t and a upper, protruding portion
&6p that protrudes to a side of the travel portion 86t so as to be offset therefrom. The protruding
portion 86p can define a locking cut-out of the {ifth cam siot &6 in which the second pin 46 can be
seated prior to its shiding movement within the travel portion 86t. The second pin 46 can be seated
within the protruding portion 86 when the second movable handle 22 is in its inttial position and,
thus, during the first phase of travel. The protruding portion 86p can thus facilitate locking of the
sceond movable handle 22 in a stationary position relative to the first movable handle 20 during the
first phase of travel since the sceond pin 46 can be seated in the first movable handle’s first cam slot
52 and in the sccond movable handle’s protruding portion 86p of the fifth cam slot 86, The travel
portion &6t can define an clongate path along which the sccond pin 46 can frecly slide during the

sceond phase of travel,

100697 A shape of the second cam lever 34 can vary depending on other components of the handle
portion 10, but as in this illustrated embodiment, the sceond cam lever 34 can include an upper
portion 34y and a lower portion 34/, The lower portion 34/ can be configured to be coupled to the
sceond movable handle 22, The sccond cam lever’s lower portion 347 can include a fitth bore 74
formed therein, a cut-out 76 formed therein, a second engagement member 78 {e.g., a profrusion

extending from the second cam lever’s surface), and a notch 88 formed therein that can ¢ach be
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configured to facilitate the second cam lever’s coupling to the second movable handic 22, The fitth
bore 74 can be configured to seat the fourth pin 72 extending from the second movable handle 22
therein. The cut-out 76 can be configured to scat therein the protrusion 64 extending from the
second movable handle 22, which can facilitate secure coupling of the second cam lever 34 and the
second movable handle 22. The second engagement member 78, ¢.2., a proximal side thereof, can
be configured to abut the first engagement member 66, ¢.g., a distal side thereof. This engagement
of the first and second engagement members 66, 78 can allow the second movable handle 22 and the
second cam lever 34 to rotate together by the second engagement member 78 pushing against the
first cngagement member 66, The sccond engagement member 78 and the notch 88 can cooperate to
facilitate the locking and the movement of the second pin 46 within the fifth cam slot 86 formed in
the second movable handle 22. The notch 88 can be configured to scat the sccond pin 46 therein
when the sceond pin 46 is scated in the protruding portion 86p of the fitth cam slot 86, In other
words, the second pin 46 can be seated in the notch 88 when the second movable handie 22 is in its
initial position and during the first phasc of travel. The second movable handle 22 moving to its
ready position at the end of the first phase of travel can cause the second pin 46 to move from being
within the notch 88 and within the protruding portion 86p to being adjacent the sceond engagement
member 78 on a distal side thereot and being within the fifth cam slot’s travel portion 86t ina

proximal portion thercof,

[0070] The second cam lever's upper portion 34u can include a sixth bore 82 configured to scat the
first pin 44 thercin. Accordingly, the second cam lever 34 can be configured to rotate about the
trigger pivot axis Pa defined by the first pin 44. The upper portion 34u can also include a sixth cam
slot 84 formed therein. The sixth cam slot 84 can have an “L” shape and can include a first, upper
icg 84u defining a longer leg of the “L” shape and a second, lower lcg 84/ defining a shorter leg of
the “L” shape. The sixth cam slot 84 can be configured to slidably seat therein a fifth pin 90 therein
that can extend from an interior surface of the housing 6. The fifth pin 90 can also extend through
an opening 48 formed in the firing bar 36, The fitth pin 90 can be configured to be scated 1o an
upper portion of the upper leg 84u and in a distal portion of the openung 48 when the first and second
movable handles 20, 22 arc in their initial positions. The fifth pin 90 can be configured to remain
stationary within the opening 48 and to slide within the upper leg 84u down toward the lower leg 84/
during the first phase of travel. At the end of the first phase of travel when the first movable handle
20 1s in its closed position and the second movable handle 22 s in its ready position, the fifth pin 90

~5
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can remain stationary within the opening 48 and can be located within the sixth cam slot 84 just
above a junction between the upper and lower legs 84u, 84/, ¢.g., at the bend of the “L” shape.
During the second phase of travel, the fifth pin 90 can be configured to remain stationary within the
opening 48, and can be configured to slide within the lower leg &4/ in a direction away from the
upper leg 84u. The sixth cam slot 84 can thus be configured to help prevent firing of the cutting
element 35 during the first phase of travel by helping prevent distal movement of the firing bar 36
during the first phase of travel due to the posttion of the fifth pin 90 within the opening 48 and the

sixth cam slot 84,

(00717 The device 100 of FIG. 1 can be operated using manual power without the need for any
electrical power supplied thereto. In some embodiments, a surgical device configured to clamp and
cut tissue and inchuding first and second movable handles can be a powered device that uses
electrical power to effect one or more actions. Such powering can be mplemented in a variety of

ways, as will be appreciated by a person skilled in the art.

(60721 For example, a powered surgical device can include a motor, a controller, and a power
source. The motor, the controller, and/or the power source can be at least partially disposed in a
proximal handle portion of the device. As will be appreciated by a person skilled in the art, the
motor can include any type of motor (€.g., a rotary motor, ctc.} configured for use with a surgical
device, the controller can include a varicty of devices configured to process signals {e.g., a
MCYOprocessor, a contral processing unit {(CPLU), a memory controller, ete.}, and the power source
can include a varicty of devices configured to supply power to at least the controller {¢.g., a battery,
etc.}. In some embodiments, the power source can be off-board, ¢.g., entirely outside the device’s
housing, instead of on-board the device, such as by the device being attachable via wired connection
to an clectrical outlet or other power source. A manual movement of the deviee’s first movable
handle can be configured to causc the controller to transmit a control signal to the motor, which can
cause opposed jaws of the device to close. The device’s second movable handle can be in clectrical
conumunication with the motor. The motor can be operatively coupled to the compression member
using ¢.g., a gear and rack. In some embodiments, activation of the motor can cause advancerent

and/or retraction of the compression member.

(00731 The surgical devices disclosed herein can be used to perform a surgical procedure in which
tissue is grasped and transected. The tissue can include, for exarnple, stomach tissuc, intestinal
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tissue, esophageal tissue, or blood vessels. The surgical procedure can be a minimally invasive
procedure or an open surgical procedure. The sorgical devices disclosed herein can be used n

robotic-assisted minimally invasive or open surgical procedures.

[0074] For exarople, a munimally invasive surgical procedure can begin by preparing the patient for
surgery and making one or more appropriately sized incisions at a desired location. This general
example 15 described with respect to the surgical device 100 of FIG. 1, but other embodiments of
devices described herein can be similarly used. In a2 minimally invasive procedure, one or more
canmiias or trocars {not shown} can be positioned in the incision(s) to provide aceess to the surgical
site. One or more viewing devices, €.g., scopes, can be placed in one of the incisions to allow

medical personnel to view the surgical site from outside the body.

(00751 Once the patient is prepared for surgery, the surgical device 100 can be inserted through an
incision and/or through a cannula, and the end effector 14 of the surgical device 100 can be
positioned adjacent to a desired tissue to be treated.  As the surgical device 100 1s being inserted into
the patient, the first movable handle 20 can be disposed adjacent to the stationary handle 24 so that
the end effector 24 is tn a closed position and occupies a smaller amount of space than when in an
open position, As discussed above, such movement of the first movable handle 14 to close the jaws
16a, 16b of the end effector 14 can simultancously move the second movable handle 22. When the
end effector 14 is positioned adjacent to the tissuc to be treated, the first movable handle 20 can be
moved away from the stationary handie 24 if so positioned for case of insertion into the patient’s
body, and the tissue to be treated can be positioned between the facing engagement surfaces 18a, 18b

ot the end effector’s jaws 16a, 16b.

[0076] With the target tissue positioned between the facing engagement surfaces 18a, 18b of the end
effector’s jaws 10a, 16b, and the first and second movable handles 20, 22 in their initial positions, as
shown in FIGS, 6-9, the first movable handie 20 can be moved toward the stationary handle 24 in a
first phase of travel. As mentioned above, the movement of the first movable handle 20 in the first
phase of travel can also inciude movement of the second movabie handle 22 in unison with the first
movable handle 20. Indeed, as also mentioned above, the first movable handle 20 need not be
manually held by a user at all in order to cffect movement of the first movable handle 20 since the
first and second movable handles 20, 22 can be locked in position relative to onc another in their
initial positions at the start of the first phase of travel such that manual movement of the second
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movable handle 22 can cause the first movable handle 20 to move in unison therewith, The first
movable handle’s movement from its initial position in the first phase of travel can close the jaws
16a, 16b so that the engagement surfaces 18a, 18b are in direct contact with the tissue and so that the
tissue is securely grasped between the jaws 16a, 16b. A position of the jaws 16a, 16b throughout the
first phase of travel can directly correspond to a position of the first movable bandle 20 relative to

the stationary handle 24.

(00771 FIGS. 17 and 18 show the device 100 at the end of the first phase of travel with the first
movable handle 20 in its closed position in which it is locked in position via engagement of the
locking features 20a, 244, and with the second movable handle 22 in 1ts ready position. In the ready
position, the second movable handle’s surface 39 has moved into contact with the second biasing
clement 38 1o provide a bias force to the second movable handle 22, This bias force can hold the
second movable handle 22 in the ready position until a force is applied to the second movable handle
22 to overcome the bias foree, ¢.g., until the user applics a manual force to the second movable
handle 22 that is greater than the bias force. The movement of the second pin 46 during the first
phase of travel within the third cam slot 4 formed in the device’s body portion 6 moves the second
pin 46 downward as the second pin 46 moves downward in the angled intermediate portion 41 of the
third cam slot 4. This downward movement of the second pin 46 can cause the second pin 46 o
move out of the upper portion 86p of the fifth cam slot 86 and into the lower portion 86t of the fifth
cam slot 86, thereby allowing the second movable handle 22 to move in the second phase of travel
toward the first movable handle 20 and the stationary handle 24 and allowing the cutting clement 35
to move during the second phase of travel. In other words, the second pin 46 has become unlocked
with respect to the second movable handle 22 by ceasing to be locked within the protruding portion
86p of the fifth cam slot 86 formed in the second movable handle 22, The cutting clement 35 thus
cannot move along the end cffector 14 to cut tissue grasped thereby until the first movable handle 20
is in its closed position such that the end effector 14 has been closed to clarup tissue. This can
improve safety by helping to prevent premature cutting of tissue and/or helping to prevent the
cutting clement 35 from moving along the end effector 14 and cutting material {¢.g., tissue other
than the target tissue, another surgical instroment, etc.) positioned between the jaws 16a, [6b that is
not intended to be cut. During the first phase of travel, the fifth pin 90 can be located within the

upper leg 840 of the sixth caro slot 84 just above the junction between the upper and lower legs 84wy,
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847 such that the fifth pin 90 cannot slide within the lower leg 847 until the bias force is overcome,

thereby further rotating the second cam lever 34 so as to move the fifth pin 90 into the lower leg 84/,

[007R] With the jaws 16a, 16b baving tissue grasped therebetween, a user can move the second
movable handle 22 in a second phase of travel, which can advaunce the cutting elernent 35 to cut the
grasped tissue and/or advance the compression member 28a fo further comapress the grasped tissue.
FIG. 19 shows the device 100 during the second phase of travel with the second movable handle 22
being in an intermediate posttion between its ready and closed positions. FIG. 20 shows the device
100 at the end of the second phase of travel with the second movable handle 22 n its closed position.
The second movable handle 22 can be contfigured o be locked in its closed position due to the

second pin’s position within the third cam slot 4, the second bore 56, and the fifth cam slot 86,

(00797 After the second phase of ravel, with the first and second movable handles 28, 22 in thewr
closed positions, the first movable handle 20 can be unlocked from the stationary handie 24 by
moving the first movable handle 20 in a divection toward the stationary handle 24, ¢.g., by applying
a manual force to the first movable handle 20, thereby causing the locking features 20a, 24a to
disengage. This unlocking can relcase both the first and second movable handles 20, 22 from the
stationary handle 24 to allow both the first and second movable handies 20, 22 to move in reverse,
¢.2., away from the stationary handlc 24, back to their initial positions. The device 100 can then be
used to clamp and/or cut additional tissue, if desired, before the device 100 is removed from the

patient’s body.

FO0RO] A person skilled in the art will appreciate that, optionally, cnergy can be applied to the tissue
prior to or during the cutting of the tissuc between the jaws 16a, 16b, ¢.g., during the second phase of
travel, by actuating the activation clement 25 of the device 100, After the cutting element 35 is
advanced through the tissue and is retracted proximally, the device 1040 can continue to apply energy

to the cut tissue, or the jaws 16a, 16b can automatically release the tissue.

(00817 A person skilled in the art will appreciate that the present invention has application in
conventional minimally-invasive and open surgical instrumentation as well application in robotic-

assisted surgery.

(00821 The devices disclosed herein can also be designed to be disposed of after a single use, or they
can be designed to be used multiple times. In cither case, however, the device can be reconditioned
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for reuse afler at least one use. Reconditioning can include any combination of the steps of
disassembly of the device, followed by cleaning or replacement of particular picces and subsequent
reassembly. In particular, the device can be disassembled, and any number of the particular pieces
or parts of the device can be selectively replaced or removed in any combination. Upon cleaning
and/or replacement of particular parts, the device can be reassembled for subsequent use cither at a
reconditioning facility, or by a surgical team immediately prior to a surgical procedure. Those
skilled in the art will appreciate that reconditioning of a device can utilize a variety of techniques for
disassembly, cleaning/replacement, and reassembly. Use of such techniques, and the resulting

reconditioned device, arc all within the scope of the present application,

[00&3] One skilled in the art will appreciate further features and advantages of the invention based
on the above-described embodiments. Accordingly, the invention is not to be himited by what has
been particularly shown and described, except as indicated by the appended claims. Al publications

and references cited herein are expressty incorporated herein by reference in their entirety.
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CLAIMS
1. A surgical device, comprising:

a proximal handle portion including a stationary handle, a first movable handle, and a second
movable handle, the second movable handle being locked to the first movable handle during a first
phase of travel from a fivst initial position to a second, intermediate position such that the first and
second movable handles move together as a unit toward the stationary handle during the first phase
of travel, the second movable handie being unlocked from the first movable handle during a second
phase of travel from the second position to a third, final position;

an clongate shaft extending distally from the handle portion;

first and second jaws at a distal end of the clongate shaft, the first and second jaws being
configured for relative movement between an open position and a closed position, the first and
second jaws being configured to move from the open position to the closed position daring the first
phase of travel; and

a cutting clement configured to move through the first and sccond jaws so as to cut tissuc
engaged by the first and second jaws in response to the second movable handle moving toward the

stationary handle during the second phase of travel

2. The device of claim 1, wherein the first movable handle in the second position is locked in
position relative to the stationary handle, the first movable handle remaining in the locked position

during the sccond phasce of travel.

Ind

3. The device of claim 1, further comprising one or more electrodes coupled to at least one of
the first and sccond jaws, the one or more clectrodes being configured to apply radiofrequency (RF)

energy to the tissue engaged by the first and second jaws.

4. The device of claim 1, further comprising a spring disposed within the proximal handle
portion, the spring being configured to apply a bias force to the second movable bandle to hold the
second movable handle in a fixed position after the first phase of travel, the movement of the sccond

movable handle during the second phase of travel being contigured to overcome the bias force.

5. The device of claim 1, further comprising a cam slot formed in the second movable handle,
the slot including a pin locking cut-out and a pin travel portion; and
a pin configured to move within the cam slot between the pin locking cut-out and the pin
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travel portion of the slot, the pin being configured to be seated 1o the locking cut-out when the first
and second mwovable handles are moving together, and the pin being configured to slide in the pin

travel portion of the slot during the second phase of travel.

6. The device of claim 5, further comprising a cam lever within the proximal handle portion, the
cam lever having a second slot formed therein that includes a fivst leg and a second leg that extends
trangverse to the first leg; and

a second pin configured to move between the first leg and the second teg, the second pin
being configured to slide in the first leg during the first phase of travel, and the second pin being

configured to slide in the second leg during the second phase of travel.

7. The device of claim 6, wherein the cam lever is configured to push the pin through the

clongate portion of the slot.

8. The device of claim 1, further comprising a pin seated in a fivst slot formed in the first
movable handle and seated in a second slot formed in the second movable handle, the second slot
being offset at an angle from the first slot, the proximal handle portion including a bousing that has a
third slot formed therein, the third slot being configured to foree the pin mnto a first position in which
the second movable handle s locked to the first movable handle during the first phase of travel, and
to force the pin into a second position in which the second movable handle s unlocked from the first

movable handle during the second phase of travel.

9. A surgical device, comprising:
a proximal handle portion including

a body portion having a first slot formed therein,

a first trigger configured to move relative to the body portion in a first actuation of the
proximal handle portion,

a second trigger having a second slot formed therein that has an elongate portion and
a cut-out region adjacent to and in communication with the clongate portion, the second trigger
being configured to move relative to the body portion simuitancously with the first trigger in the first
actuation, and the second trigger being configured to move relative to the first trigger and the body
portion in a sccond actuation of the proximal handie portion, and

a first pin operatively coupled to and movable within the second slot, the first pin
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being configured to remain within the second slot during the first actuation, and the first pin being
configured to slide in the elongate portion of the second slot during the second actuation;

an clongate shaft extending distally from the proximal handle portion;

an end effector coupled to a distal end of the clongate shaft, the end effector being configured
to move from an open position 1o a closed position in response to the first actuation; and

a cutting clement configured to translate through the end effector in response to the second

actuaation,

10. The device of claim 9, wherein, in response to the first actuation, the first pin is configured to
automatically move to the elongate portion of the second slot from the cut-out region of the second

shot,

1. The device of claim 8, further comprising a spring configured to move into contact with a
surface of the sccond trigger in response o the first actuation so as begin applying a force to the

second trigger.

12. The device of claim 11, wherein the spring 1s configured to slide along the surface of the

second trigger during the second actuation.

13. The device of claim 11, wherein the force applied by the spring is configured to fix the
secound frigger ju posttion with respect to the body portion and the fust trigger uotl] a manual force

applied to the second trigger overcomes the force applied by the spring.

4. A surgical method, comprising:

actuating a first trigger of a surgical device to simultancously move the first trigger and a
second trigger froro a first position to a second position, thereby causing a spring to contact the
second trigger and begin applving a force to the second trigger, movement of the first and second
triggers being effective to cause first and second jaws of the surgical device to clamp tissue
therebetween: and

moving the second trigger, relative to the first trigger, from the second position to a third
position, thereby reducing the force applied by the spring to the second trigger, and thereby effecting
passage of the a knife blade along one of the first and second jaws to cause the clamped tissue to be

cut.
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{5, The maethod of claim 14, wherein moving the second frigger relative to the first frigger causes

the spring to translate along a surface of the second trigger.

16.  The method of claim 14, further comprising moving the second trigger from the third
position to the second position and then simultancously moving the first and second triggers from
the second position to the first position, the spring causing the second frigger to move

stmultancously with the first trigger from the second position to the first position.

i

'_\3

The moethod of claim 14, wherein moving the second trigger from the second position to the

third position causes radiofrequency (RF) energy to be applied to the clamped tissue.

18. The method of claim 14, wherein a first pin seated in a first slot formed in the second trigger
rernains stationary in the first slot doring the simultancous movement of the first and second triggers
30 as to prevent movement of the fivst trigger relative to the second trigger, and the first pin moves

within the first slot during movement of the second trigger relative to the first trigger.

19, The wethod of claim 18, wherein the simuoltaneous movement of the first and second triggers
causes a second pin seated in a first leg of a second slot formed in a cam mermber of the surgical
device to move within the first leg, and the movement of the second trigger relative to the first
irigger causes the second pin to move within a second leg of the second slot that is fransverse to the

first leg and causces the cam member to roove the first pin within the first slot.

20. The method of claim 14, wherein simultancously moving the first and second triggers

comprises applying a roanual force to the second frigger.

31



WO 2016/090127 PCT/US2015/063712

1119

FIG. 1




WO 2016/090127 PCT/US2015/063712

2119

FIG. 2

SE\., >w




WO 2016/090127 PCT/US2015/063712

3189

FIG. 3




00000000000000000000000000000

4/19




WO 2016/090127 PCT/US2015/063712

518




WO 2016/090127 PCT/US2015/063712

6/19




WO 2016/090127 PCT/US2015/063712

7119

2 ANOOO0M & ™

o LD

sl -




WO 2016/090127 PCT/US2015/063712

8/18

FIG. 8

203

2




WO 2016/090127 PCT/US2015/063712

9/18




WO 2016/090127

10719

4p

4

PCT/US2015/063712

FIG. 10




WO 2016/090127 PCT/US2015/063712

118

FIG. 11 FIG. 12



PCT/US2015/063712

WO 2016

1219

FIG. 13



WO 2016/090127 PCT/US2015/063712

13719




WO 2016/090127 PCT/US2015/063712

14719




WO 2016/090127 PCT/US2015/063712

15119




WO 2016/090127

16/19

PCT/US2015/063712

FIG. 17



PCT/US2015/063712

WO 2016/090127

17119

FIG. 18



WO 2016/090127 PCT/US2015/063712

18/19




WO 2016/090127

18/19

PCT/US2015/063712

FIG. 20



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/063712

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/29 A61B18/14
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2008/210738 Al (SHELTON FREDERICK E
[US] ET AL) 4 September 2008 (2008-09-04)
paragraphs [0119] - [0122], [0154];
figures 6-9

> <

X US 2007/118163 Al (BOUDREAUX CHAD P [US]
ET AL) 24 May 2007 (2007-05-24)
paragraph [0078]; figures 8a,8b

Y US 5 624 452 A (YATES DAVID C [US])

29 April 1997 (1997-04-29)

column 4, line 49 - line 59; figures
1,5,6,7,18

1,2,4-8

3
9-13

1,2,4-13

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified)

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

14 March 2016 24/03/2016

"Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Mayer-Martenson, E

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PLT/US2015/063712
BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 14-20

because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribad requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/063712
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008210738 Al 04-09-2008 AU 2009200755 Al 17-09-2009
BR P10901432 A2 16-11-2010
CA 2656297 Al 28-08-2009
CN 101518458 A 02-09-2009
EP 2095777 A2 02-09-2009
JP 5451109 B2 26-03-2014
JP 2009201998 A 10-09-2009
US 2008210738 Al 04-09-2008
US 2011174863 Al 21-07-2011
US 2013327809 Al 12-12-2013
US 2014048582 Al 20-02-2014

US 2007118163 Al 24-05-2007 AT 476922 T 15-08-2010
AU 2006236074 Al 07-06-2007
BR PI0604930 A 04-09-2007
CA 2568577 Al 23-05-2007
CN 1969769 A 30-05-2007
EP 1813214 Al 01-08-2007
HK 1106117 Al 18-02-2011
JP 5073274 B2 14-11-2012
JP 2007144169 A 14-06-2007
US 2007118163 Al 24-05-2007
US 2011137324 Al 09-06-2011
US 2015080915 Al 19-03-2015

US 5624452 A 29-04-1997 US 5624452 A 29-04-1997
us 5716366 A 10-02-1998

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report

