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ure actuator to be in a ready-to-actuate position.
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SURGICAL DEVICE HAVING ACTUATOR BIASING AND LOCKING FEATURES
FIELD

[0001] The present apphication relates to surgical devices having actuator biasing and locking

features.
ACKGROUND

[0002] Surgical procedures are often used to treat and cure a wide range of diseases,
conditions, and injuries. Surgery often requires access to internal tissue through open surgical
s . , . < R 3 i e
procedures or endoscopic surgical procedures. The term “endoscopic” refers to all types of
mimimally invasive surgical procedures including laparoscopic, arthroscopic, natural orifice

mtraluminal, and natural orfice transluminal procedures.

[0003] Endoscopic surgery has numerous advantages compared to traditional open surgical
procedures, including reduced trauma, faster recovery, reduced risk of infection, and reduced
scarring. Endoscopic surgery is often performed with an msufflatory fluid present within the
body cavity, such as carbon dioxide or saline, to provide adequate space to perform the intended
surgical procedures. The msufflated cavity 15 generally under pressure and 13 sometimes referred
to as being m a state of pneumopertioneum. Surgical access devices are often used to manipulate
the patient’s internal tissue while maintaining pneumoperitoneum. For example, trocars are
often used to provide a port through which endoscopic surgical instruments are passed. Trocars
generally have an instrument seal which prevents the msuffiatory fluid from escaping while an

mstrument is positioned in the trocar.

[0004] Various surgical instruments can be configured to manipulate tissue during an
endoscopic surgical procedure. Some surgical instruments can have a housing or handle portion,
an elongate shaft, and an end effector that can be selectively coupled to the shaft and can
articulate relative to the shatt. In certain aspects, the device can include one or more modular
features, such as having a modular end effector that can be selectively attached to and detached
from the shaft. While the modularity of the end effector can improve the device’s versatility, the
modularity may cause a user to actuate the device improperly. For example, a user may attempt

to actuate jaws of the end effector when the end effector is not properly coupled to the shaft such
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as when the jaws are improperly aligned or if one or more mating features between the end
effector and the shaft fail. This can delay the procedure and a user may erroneously believe that
the device is damaged and unusable when instead there 1s an improperly loaded end effector.
Still further, during loading of an end effector a closure actuator has to be at a particular angle
relative to the device’s housing to ensure that the device’s components are in the proper position
to receive the end effector. Some prior art devices include an external kickstand or latch
pivotally connected to a housing such that the latch moves between a locked position and an
unlocked position. When the latch is in a locked position, the latch engages a closure actuator to
hold the actuator at a particular angle relative to the housing. However, a user may forget to
engage the latch prior to beginning loading the end effector onto the shaft and this can lead to an
waproperly loaded end effector and/or can delay the procedure. It can also be difficult to operate

the latch while holding the device and performing other steps of a surgical procedure.

[00051 Accordingly, there 1s a need for endoscopic surgical methods and devices having

alternative actuator biasing and locking features.

SUMMARY

[0006] Surgical devices having actuator biasing and locking features are provided to facilitate
loading an end effector onto a surgical device. In one exemplary embodiment, a surgical device
mcludes a housing, a closure actuator coupled to the housing and configured to pivot with
respect to the housing, an elongate shaft extending distally from the housing, and a locking
member operably coupled to one or more actuation components disposed within the housing.
The one or more actuation components can be coupled to the closure actuator such that
movement of the locking member effects movement of the closure actuator. The elongate shaft
can have a loading zone located at a distal end of the elongate shaft, the loading zone being
contigured to receive an end effector. The locking member can be configured to move to a load
position m which the closure actuator 1s held at a fixed location with respect to the housing such

that an end effector can be loaded onto the distal end of the elongate shaft at the loading zone.

[0007] The device can vary in any number of ways. For example, the device can mclude an
inner shaft disposed within an inner lumen of the elongate shaft, the inner shaft having a

proximal end coupled to the one or more actuation components disposed within the housing, the
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mner shatt being configured to translate relative to the elongate shaft along a longitudinal axis
thereof, and the inner shaft being configured to lock an end effector to the distal end of the
elongate shaft at the loading zone when a distal end of the inner shaft is disposed within a portion
of the inner lumen contained within the loading zone. When the locking member is i the load
position, the distal end of the inner shaft can be located proximal of the loading zone. The
device can include an intermediate shaft disposed between the elongate shaft and the inner shaft.
The intermediate shaft can have an advanced position in which a portion of the intermediate
shaft that extends distally beyond the distal end of the elongate shaft s part of the loading zone.
The locking member can also have a use position at which the closure actuator 1s located further
from the housing than when the locking member s in the load position. The closure actuator can
include an opening formed in a portion thereof, with at least a portion of the opening being
disposed within the housing, and a cam surface that 1s configured to move the closure actuator

towards the fixed location in response to the locking member moving to the load position.

[0008] The one or more actuation components can also vary. For example, the one or more
actuation components can include a plate pivotally coupled to the closure actuator and
configured to be slidably coupled to the inner shaft. The one or more actuation components can
further include a sled and a linkage, the sled being coupled to the proximal end of the inner shaft
and being configured to slide along a path within the housing, the sled engaging the plate when
the sled s posttioned on a proximal portion of the path and a linkage having a first end coupled

to the locking member and a second end coupled to the sled.

[0009] In some embodiments, a surgical device includes a housing, a closure actuator coupled
to the housing at a distal, lower portion of the housing, the closure actuator being configured 1o
pivot with respect to the housing, an elongate shaft extending distally from a distal, upper portion
of the housing, the elongate shaft having a distal end configured to receive an end effector, and a
locking member extending from a proxamal, upper portion of the housing. The locking member
can be configured to move between a loading position at which an end effector can be loaded
onto the distal end of the elongate shaft, and a firing position at which the closure actuator can be

operated to control an end effector loaded onto the distal end of the elongate shaft.
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[0010] The device can vary in any number of ways. For example, the locking member can be
configured to pivot with respect to the housing between the loading position and the firing
position. For another example, the housing can include a handle portion configured to be
eripped by a hand of an operator, the locking member being configured to be controlled by one
or more fingers or thumb of the hand of the operator while the hand remains gripping the handle

portion.

[0011] The device can have one or more shafts. For example, an inner shaft can be disposed
within an inner lumen of the elongate shaft and can be configured to translate relative to the
elongate shaft along a longitudinal axis thereof, the inner shaft further being configured to lock
an end effector to the distal end of the elongate shaft when a distal end of the inner shaft is
disposed within a portion of the inner lumen that has an end effector disposed therearound.
When the locking member is in the loading position, the distal end of the inner shatt can be
located proximal of the portion of the 1nner lumen that has an end effector disposed therearound,
and when the locking member 1s in the firing position, the distal end of the inner shaft can be
located within the portion of the inner lumen that has an end effector disposed therearound. The
device can further include an intermediate shaft disposed between the elongate shaft and the
inner shaft. The intermediate shaft can have an advanced position in which a portion of the
intermediate shaft that extends distally beyond the distal end of the elongate shaft is configured

to recerve an end effector.

(00121 The housing can include various other components. A plate can be disposed within the
housing and pivotally coupled to the closure actuator and configured to be slidably coupled to
the inner shaft. A sled can be configured to travel along a path within the housing and can
couple to a proximal end of the inner shaft, the sled engaging the plate when the sled travels
along a portion of the path. The housing can further include a hinkage having a first end coupled
to the locking member and a second end coupled to the sled. In some embodiments, a pin can be
disposed on the sled and can be configured to engage the plate to prevent the plate and the

closure actuator from advancing distally when the locking member 15 10 the loading position.

[0013]  An exemplary surgical method includes moving a locking member of a surgical device

to a foading position, which also causes a closure actuator of the surgical device to move to a
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fixed loading position. When the locking member 1s in the loading position and the closure
actuator is in the fixed loading position, an end effector can be loaded onto a surgical end of the
surgical device. The method can further include coupling an end effector to the surgical end of

the surgical device.

[0014] In some embodiments, coupling an end effector to the surgical end of the surgical
device can inchide distally advancing an inner shaft of the surgical device within a lumen of an
outer shatt of the surgical device. In certain aspects, distally advancing the inner shaft of the
surgical device within the lumen of the outer shaft of the surgical device can expand one or more
arms of an intermediate shaft disposed between the outer shaft and the inner shaft radially

outward to couple the end effector to the surgical end of the surgical device.

[0015] The surgical method can vary in any number of ways, and can include forming an
mcision in tissue using a distal end of the inner shaft prior to moving a locking member of a
surgical device to the loading position. In some embodiments, the surgical end of the surgical
device can be inserted to a surgical site through a first incision and a loader can be inserted to a
surgical site through a second incision, the loader being configured to present an end effector to

the surgical end of the surgical device.
BRIEF DESCRIPTION OF DRAWINGS

[0016] This disclosure will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:

[0017] FIG. 1A 1s a side view of a modular surgical device having an elongate shaft with a

distal mating feature that can couple to an end effecior;
[0018] FIG. 1B s a side, semi-transparent view of a housing of the surgical device of FIG. 1A;
[0019] FIG. 24 15 a side view of the distal mating feature of the elongate shaft of FIG. TA;

(00201 FIG. 2B 1s a side view of the distal mating feature of FIG. 2A having an obturator

extending distally therethrough;

(]
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[0021] FIGS. 3A-3D are perspective views of various end effectors that can be coupled to the

elongate shaft of the surgical device of FIG. 1A;

[0022] FIG. 3E 15 a perspective, cross-sectional view of a distal end of the elongate shaft of the

device of FIG. 1A coupled to an end effector;

[0023] FIG. 3F s a perspective, cross-sectional view of the distal end of the elongate shaft and

end effector of FIG. 3E with the end effector in a pushed-off configuration;

[0024] FIG. 4 1s a perspective view of a loader device that can be used to load an end effector

onto the surgical device of FIG. 1A;

[0025] FIG. 5A 15 a perspective view of actuation components of the housing of FIG. 1B

viewed from one side of the device;

[0026] FIG. 5B 1s a perspective view of the actuation components of FIG. SA viewed from a

second side of the device;
(00271 FIG. 5C is an exploded view of the actuation components of FIGS. SA and 5B;

[0028] FIG. 6 1s a flow chart dlustrating an exemplary method of loading an end effector onto

the surgical device of FIG. 1A,

[0029] FIG. 7A is a side, seni-transparent view of the housing of the surgical device of FIG.
1A in a first position in which an end effector 1s not attached to the device and a locking member

15 in a first position;

[0030] FIG. 7B 1s a side, semi-transparent view of the housing of FIG. 7A with the locking

member and closure actuator being pivoted relative to the housing;

[0031] FIG. 7C 1s a side, semi-transparent view of the housing of FIG. 7B with the locking
member and the closure actuator being just before a ready-to-load position in which the device 15

configured to receive an end effector;
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[0032] FIG 7D 1s a side, semi-transparent view of the housing of FIG. 7C illustrating the
closure actuator at the ready-to-load position and ready to subsequently be moved to a ready-to-

actuate position in which the device is configured to actuate the end effector;

[0033] FIG. BA 1s a perspective view of the surgical device of FIG. 1A and the loading device

of FIG. 4 prior to loading an end effector onto the surgical device;

[0034] FIG. 8B s a perspective view of the mating feature of the elongate shaft of the surgical
device of FIG. 8A being positioned adjacent to and axially aligned with the loading device of

FIG. 8A;

[0035] FIG. 8C is a perspective view of the mating feature of the elongate shaft coupling to an

end effector on the loading device of FI(. 8B; and

[0036] FIG. 8D s a perspective view of the end effector of FIG. 3A coupled to the surgical

device of FIG. 8C.
DETAILED DESCRIPTION

(00371 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 1llustrated in the
accompanying drawings. Those skilled in the art will understand that the devices and methods
specifically described herein and illustrated in the accompanying drawings are non-limiting
exemplary embodiments and that the scope of the present invention s 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
mtended to be included within the scope of the present invention. Further, to the extent features,
sides, or steps are described as being “first” or “second,” such numerical ordering 1s generally

arbitrary, and thus such numbering can be interchangeable.

(00381 Surgical devices are described and can generally include a housing or handle portion
having one or more actuators, such as a closure actuator, that operates an end effector. An

elongate shaft can extend from the housing and a distal end of the shaft can be configured to

~J
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selectively couple to an end effector in vive or ex vive. The device can include various features
that prevent a user from actuating the device when the end effector is not properly coupled to the
shaft. More specifically, the housing can include a locking member that can be pivoted or
otherwise moved relative the housing to cause various internal actuation components of the
housing to move to a ready-to-load position (also referred to as a loading position}. When the
components of the device are in the ready-to-load position, an end effector can be loaded onto
the distal end of the shaft. When the end effector is loaded onto the shaft, the locking member
and the closure actuator can be moved to a ready-to-actuate position (also referred to as a firing
position) in which a user can engage the closure actuator to operate the end effector.
Convenmiently, the locking member can be operated with one or more fingers or thumb while a
user can still grasp the housing with a single hand to move the locking member and the actuation

components between the ready-to-load and ready-to-actuate positions.

[0039] FIG. 1A shows an exemplary instrument or device 100 having a housing or handle
portion 102 and an outer elongate shaft 104 extending distally from the housing 102, the shaft
104 being configured to have an end effector (not shown) selectively coupled to it As shown,
the elongate shaft 104 can extend from a distal, upper portion of the housing 102, and it can be
removably and replaceably attached to operable components in the housing 102 as illustrated
herein and as otherwise known to those skilled 10 the art. The housing 102 can include a
stationary arm 103 and a closure actuator 106, such as a pivotable trigger, that s configured to
move relative to the housing 102 to actuate an end effector when an end effector 1s coupled to the
shaft 104. As shown, the closure actuator 106 can be coupled to a distal, lower portion of the

housing 102.

[0040] The device 100 can include varous components that facilitate use of the device during
a surgical procedure. For example, the housing 102 can mnclude a locking switch 108 that can be
selectively activated to lock the closure actuator 106 m a fixed angular position relative to the
housing 102, such as via ratcheting features that will hold the closure actuator 106 1n the position
even when a manual force is not apphied by a user. By way of further example, the housing 102
can inchude a knob 110 configured to rotate the elongate shaft 104, and thus an end effector
coupled thereto. The knob 110 can include one or more features that can lock out the knob 110

m proportion to the force applied to the closure actuator 106 to move 1t towards the housing 102
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and/or the rotational capability of the knob can be reduced by friction as a lopad is generated
through the end effector. This can help prevent inadvertent rotation of the knob 110 and of the
end effector when the closure actuator 106 1s engaged and the end effector is being actuated.
Still further, the device 100 can include both intermediate and inner shafis 128 and 13§,
respectively, (shown in FIG. 2B} disposed within the elongate shaft 104 and being configured to
move proximally and distally relative to the elongate shaft 104, As will be described in greater
detail below, both the intermediate and inner shafts 128, 138 can be used to assist in mating end
effectors to the elongate shaft. Further, the intermediate shaft 128 can be used to actuate such
end effectors, and a distal end of the inner shaft 138 can include a pointed obturator tip that can
be used to pierce through tissue. Additionally, the device 100 can have a locking member 112
disposed along a proximal, upper portion of the housing 102 and the locking member 112 can
cooperate with actuation components disposed in the housing 102 to place the device in both the

ready-to-load and ready-to-actuate positions.

[0041] FIG. 1B shows various components internal to the housing 102 that can cooperate with
the locking member 112 to hold the closure actuator 106 in a ready-to-load position and to retract
the inner shaft along a longitudinal axas L of the shaft 104, relative to the shaft 104, in
preparation for loading an end effector onto the shaft 104 As shown, the housing 102 can
further include a pivotable plate member 114, an inner shaft sled 116, and an intermediate shaft
sted 118, A first linkage 120a can couple the plate member 114 to the intermediate shaft sled
118, Additionally, a second linkage 140 (shown in FIG. 5A) can couple an internal arm 122 of
the locking member 112 to the inner shaft sled 116 such that when the locking member 112 13
pivoted n a counter clockwise direction about its pivot point 124, the nner shaft sted 116 moves
proximally within the housimg. As will be described in greater detail below, these connections
between the components can ensure that the inner and intermediate shafts coupled to the sleds
116, 118 and the closure actuator 106 are m the proper position for loading an end effector onto

the distal end 104d of the shaft 104,

[0042] FIGS. 2A and 2B illustrate the distal end 104d of the shaft 104 1n greater detail,
meluding exemplary attachment mechanisms located at the distal end 1044 of the elongate shaft
104 so that an end effector (not shown in FIGS. ZA and 2B} can be mated to the shaft 104, The

attachment mechanisms can form a loading zone 10 for loading an end effector. While the

9
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attachment mechanism can vary, in the illustrated embodiment a circomferential groove 126 can
be positioned around an outer surface of a distal portion of the shaft 104. First and second arms
128a, 128b can project distally from the distal end 104d of the shaft 104 and can be coupled to or
otherwise integrally formed on an intermediate shaft 128 The arms 128a, 128b can be axaally
shidable relative the elongate shaft 104, for instance to actuate an end effector coupled to the
elongate shaft 104, and can be resiliently deflectable medially into the gap. The arms 128a, 128b

can each have a mating feature, which i this embodiment is a stepped lateral notch 130a, 130b.

[0043] A distal tip 138d of an inner shaft 138 (shown as a shaded region in FIG. 2B} can be
positioned medially relative to the arms 128a, 128b and can be axially slidable relative to the
arms 128a, 128b. More specifically, the distal tip 138d of the inner shaft 138 can slide between
an unlocked position in which the distal tip 138d of the 1nner shaft 138 is proximal to the arms
128a, 128b, 1.e., proximal of the loading zone 10, allowing medial deflection of the arms 128a,
128b (as shown in FIG. 2A), and a locked position 1n which the distal tip 1384 of the inner shaft
138 15 aligned with or distal to the arms 128a, 128b, e, aligned with or distal of the loading
zone 10, and to prevent medial deflection of the arms 128a, 128b (as shown in FIG. ZB). In
certain aspects, the inner shaft 138 and the arms 128a, 128b can slide independently along the
longitudinal axis L of the elongate shaft 104. As shown n the embodiment of FIG. 2B, the distal
tip 138d of the inner shaft 138 1s also referred to herein as an obturator tip which can be pointed
and/or sharpened such that the distal tip 138d can pierce through tissue. In the illustrated
embodiment, the distal ends of the arms 128a, 128b and the distal end 104d of the elongate shaft
104 can taper from a proximal-to-distal direction and this can facilitate passing the arms 128a,
138b and the elongate shaft 104 through an incision (not shown), such as an 1ncision formed by
the distal tip 138d.  As will be appreciated by persons skilled 1 the art, the distal tip 138d of the
muer shaft 138 need not be sharpened or pointed and the outer and mtermediate shafts can
mclude various types of attachment mechamisms for mating with an end effector and need not

melude a taper, grooves, etc.

[0044] FIGS. 3A-3D provide non-lumiting examples of end effectors that can be attached to the
mstrument 100, All or some of the end effectors can be provided 1n a kit so a surgeon can
miterchange the end effectors as needed for a particular surgical procedure. FIG 3 A dlustrates a

bi-polar jawed end effector 130 having first and second jaws 132a, 132b, FIG 3B illustrates a

10
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cutting shears end effector 130" having first and second jaws 132a’, 1320/, FIG. 3C illustrates a
Maryland dissector end 130" effector having first and second jaws 132a”, 132b”, and FI(G. 3D
illustrates an ultrasonic shears end effector 130" having first and second jaws 132a'", 132b"".
Each of the end effectors 130, 130’, 130", and 130" can have a proximal opening formed 134,
1347, 134", 134'" therein that can be configured to mate with attachment mechanisms or features
of or otherwise associated with the intermediate shaft 128 and the outer shaft 104 For example,
in some embodiments the openings 134, 134', 134", and 134" can be sized and shaped to extend
over the first and second arms 128a, 128b of FIGS. 2A and 2B. While the iliustrated end
effectors 130, 1307, 130", and 130" have cooperating jaws, the end effectors 130, 130/, 130", and
130" need not include jaws and/or the effectors could also mclude hook knuves, snares, and the
like. As will be appreciated, any of the end effectors 130, 130', 130", and 130" can also be
contigured to transmit energy to tissue and in these embodiments the housing and the shaft of the
surgical instrument can have appropriate energy transmission mechanisms. For example,
appropriate electrical connections can be added to the bi-polar jawed end effector 130 'of FIG,
3A and can extend through the elongate shaft 104, Simdarly, an ultrasonic transducer and

waveguide can be added to the ultrasonic shears end effector 130" of FIG. 3D,

[0045] End effectors such as those illustrated in FIGS. 3A-3D can be mated to the elongate
shaft 104 in a variety of ways. FIG. 3E dlustrates an exemplary interaction between an end
effector 30 and the intermediate and inner shafts 128, 138, As shown, the end effector 30 has a
proximal end 31 that extends over a distal end 104d of the elongate shaft 104, In the illustrated
embodiment, the groove 126 of the armos 1282, 1280 of the ntermediate shaft 128 mates with g
rib 27 of the end effector 30 preventing refative axaal motion. The lateral grooves 130a, 130b of
the arms 128a, 128b mate to a ring 33 of the end effector 30 preventing relative axal motion,
Rib 32 s rigidly connected 1o the outer housing 37 of the end effector 30, and the ring 33 13
rigidly and fixedly connected 10 a jaw actuator 34 of the end effector 30 via the couphing 35,
Accordingly, axsal movement of the arms 128a, 128b relative the intermediate shatt 128 can
cause axial movement of the jaw actuaior 34 relative the housing 37 of the end effector 30,
thereby causing jaws {not shown) of the end effector 30 to open and close. FIG. 3F ilustrates
the end effector 30 ready to be detached from the elongate shaft 104, In particular, distally

advancing the arms 128a, 128b of the intermediate shaft can push the ring 33 distally until the rib

11
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27 unseats from the groove 126 and allows the distal end 104d of the elongate shaft 104 to be

removed from the end effector 30.

[0046] An exemplary loading device 200 13 shown in FIG. 4. The loader 200 can have a rigid
and substantially straight shaft 202 as shown, or the shaft 202 can be curved and/or flexible,
which would be beneficial for introducing the shaft 202 into a natural orifice. The loader 200
can have an articulating distal portion or tube 204 controlled by one or more actuators, such as a
rotatable knob 206 disposed on a handle 208 of the loader 200, and the distal portion 204 can be
articulated prior to or after it is inserted into a surgical site. A pivot jomnt 205 can couple the tube
204 to the shaft 202 and the tube 204 can be angulated relative to the shaft 202, as shown, by
activating the actuator 206. An arm 210 can be connected to and extend from an outer surface of
the handle 208 to facilitate a user grasping the handle 208 and rotational orientation of the
articulated distal portion 204 about a longitudinal axis Lg of the shaft 202, The loader 200 can be
configured to hold an end effector therein and load the end effector onto the shaft 104 of the
mnstrument 100, In the illustrated emabodiment, the distal portion 204 of the loader 200 1ncludes a
tube 212 of an end effector 30, the tube 212 having an opening 214. While the end effector 30 is
shown, any end effector can be used ncluding the end effectors previously described. The distal
portion 204 can include one or more engagement features (not shown) for holding the end
effector 30 therein. Whule the engagement feature may vary, in an exemplary embodiment a
plurality of leaf springs {(not shown} can be disposed within the distal portion 204 and can
provide an mterference fit with an end effector to frictionally hold the end effector 30 n the
distal portion 204 of the loader 200. In the illustrated embodiment, when the end effector s
ioaded in the distal portion 204, a distal end of the end effector 30 s positioned therein. This
arrangement prevents the jaws (not shown} of the end effector 30 from opening when the end

effector 30 1s positioned within the distal portion 204 of the loader 200,

[0047] In another embodiment {not shown), a loader can have a distal portion that 18
selectively attachable and detachable to the shaft. This can be accomplished in various ways
such as using a bayonet connection, but other connections are also contemplated including snap
connections, threaded connections, and the like. One advantage of this embodiment 1s thata
single sized tube may not accommodate certain end effectors and the ability to select the

appropriate type of feature for holding an end effector mncreases the versatility of the loader.
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[0048] FIGS. SA and 5B illustrate internal actuation components disposed in the housing
{which is hidden 1n this view). Referring first to the locking member 112, one or more features
that increase friction between a user’s finger and/or thumb such as grooves or projections can be
formed on the locking member 112, In the illustrated embodiment, the locking member 112 has
three crescent-shaped protrusions 142a, 142b, 142¢ spaced along an upper surface of the locking
member 112. The arm 122 of the locking member 112 can have a terminal end 122b that
couples to a proximal end 140p of a second linkage 140, the second linkage 140 having a distal
end that couples to an outer surface of the mner shaft sled 116. The closure actuator 106 can
mnclude a first arm portion 106a and a second arm portion 106b positioned cutside of the
housing, as shown i FIG. 7A, and can define a substantially U-shaped recess disposed
therebetween such that a user can position his/her fingers and/or palm between the arm portions

106a, 106b.

[0049] The closure actuator 106 can further include an extension plate 106e disposed
substantially nside of the housing and configured to interact with one or more of the actuation
components. The extension plate 106e can be coupled to or otherwise integrally formed on an
upper surface defined by the first and second arm portions 106a, 106b. The extension plate 106e
can be shaped in various ways, but in the tllustrated embodiment has a substantially triangular
cross-sectional shape and a relatively narrow width that s less than a width of the closure
actuator 106, The extension plate 106e can have an opening 144 formed herein that can actas a
cam and guide movement of one or more of the actuation components. The opening 144 can be
shaped m various ways, but in the illustrated embodiment has a substantially triangular cross-
sectional shape defined by first and second planar sides 144a, 144b, a third curved side 144¢, and
first and second rounded ends 144d, 144e where the first and second planar sides 144a, 144b
meet with the third corved side 144c¢. A proximal surface of the extension plate 106e can
optionally mnclude one or more features that can allow incremental advancement of the closure
actuator 106 toward and away from the housing, such as ratchet teeth 109 shown in FIG. 5C. An
upper side of the extension plate 106¢ can have a plurality of curves, planar sides, etc. that can
provide space for the other actuation components disposed in the housing. The closure actuator
106 and the extension plate 106e, and the interaction with the other actuation components
provided herein, can result in improved actuation of the closure actuator 106 and can reduce slop

and dead actuator travel.
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[0050] As previously mentioned, the pivotable plate member 114 can pivot within the housing
and 1s shown in greater detail in FIGS. 5B and 5C. The plate member 114 can be shaped in
various ways and can include one or more curved or planar surfaces that can accommodate other
actuation components and as a result, the plate member 114 can have a unique geometric shape.
In the llustrated embodiment, the plate member 114 has a first tab 146 having a lateral
protrusion {not shown) that seats in the opening 144 in the closure actuator. The protrusion can
be disposed on a first lateral side of the plate and can be shaped in various ways, but in the
llustrated embodiment has a ring-shaped cross-section and an opening 148 extending
therethrough. The protrusion can have a width 1n a lateral direction that is sufficiently large so as
to allow the protrusion to be seated in the opening 144 and/or a pin or another type of coupling
member {not shown) can extend through the opening 146 in the plate member 114 and through
the opening 144 in the closure actuator 106. The plate member 114 can nclude a second tab 147
{shown m FIG. 5C) having an opening formed therein and the second tab can be received in a
clevis member 150 that can be engaged to control ratcheting movement of the closure actuator

106 when the ratcheting mechanism 1s activated, thus reducing slop and dead actuator control.

(00511 The plate member 114 can have a concavely curved surface 152 between the first tab
146 and the second tab 147 or the surface can be substantially straight. In the illustrated
embodiment, the curved surface 152 prevents the plate member 114 from contacting other
nearby components in the housing 102, such as the clevis member 150. The plate member 114
can also have an extension portion 154 that can have a substantially tnangular cross-sectional
shape. The extension portion 154 can have a planar proximal-facing surface 154p that can
contact a distal facing surface {not shown) of the intermediate shaft sled 118, as will be described
m greater detail below. A third tab 156 can be disposed adjacent and proximal to the extension
portion 154 which can have another opening (not shown) formed therethrough and can have a
curved surface which can provide space for other actuation components such as the locking
switch 108 and an elongate rod 158 which extends laterally therefrom and linkage 159 Moving
proximally from the third tab 156, one or more surfaces of the plate member 114 can be
concavely curved to accommodate the elongate rod of the locking switch 108 and the
mtermediate shaft sled 118 and can define an arm 160 having a terminal portion 162 sized and
shaped to interact with one or more features of the inner shaft sled 116. The terminal portion

162 can include, for example, first and second planar surfaces 161a, 161b and a substantially
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rectangular shaped tab 163 that is adjacent to the second planar surface 161b. As will be
described in greater detail below, when the inner shaft sled 116 is in a retracted position during
loading of the end effector, a lateral pin 117 disposed on the inner shaft sled 116 can contacta
surface of the rectangular shaped protrusion 163 and can prevent the plate member 114 from
pivoting. As shown, the lateral pin 117 can be offset from the longitudinal axis L extending
through the elongate shaft 104, which in turn provides a greater mechanical advantage in
operation. As a result, the amount of clamping force needed to be applied by a user to close jaws
of the end effector 1s reduced, and the maximum amount of force supplied by jaws to tissue

disposed therein can be increased.

100521 The nner shaft sled 116 can interact with various actuation components and can be
sized and shaped to factlitate this interaction. In the illustrated embodiment, the inner shaft sled
116 has a substantially rectangular cross-sectional shape. The inner shaft sled 116 can be
substantially elongate in a proximal-distal direction and its dimensions can be selected based on
the dimensions of the plate member 114 to allow the plate member 114 to mteract with the
lateral pin 117 when the components are in the ready-to-load position. The inner shaft sled 116
can include first and second wings 163, 167 that can extend laterally from and be flush with an
upper surface of the inner shaft sled 116. The first and second wings 165, 167 can each have a
planar lateral surface with a substantially rectangular cross-sectional shape but with rounded
corners. In certaimn aspects, the planar surfaces 169, 171 of each of the wings 165, 167 can be
seated in first and second tracks {(not shown} formed on an inner surface of the housing to
stabilize and guide movement of the imner shaft sted 116, A proximal facing surface of the first
wing 165 can have a cutout or recess 170 formed therein and configured to aliow the rectangular
shaped protrusion 163 of the plate member 114 to move therethrough as the plate member 114
pivots relative to the housing. The inner shaft sted 116 can be fixedly coupled to a proximal end
{not shown) of the inner shaft 138 or an intermediate component that can engage the 1nner shaft
138 such that moving the nner shaft sled 116 1 a proxamal or distal direction can cause a
corresponding movement of the inner shaft 138, The mner shaft sled 116 can further include one
or more features that can mate with a sliding coupler 176, such as an extension arm 172 having a
mating feature 174 formed on a distal end thereof that can be recetved in and couple toa

corresponding mating recess 173 formed in the shiding coupler 176.
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[0053] The housing can also include the intermediate shaft sled 118, also referred to as an end
effector sled because distal advancement of the intermediate shaft 128 can actuate the end
effector 30. The intermediate shaft sled 118 can control movement of the intermediate shaft 128
having the arms 128a, 128b by pushing a flange 121 disposed at a proximal end 128p of the
ntermediate shaft 128 with a pusher 123, The intermediate shaft sled 118 can have a proximal
end 118p with a rectangular cuboid shaped cutout or recess 119 that creates space for first and
second linkages 120a, 120b which are coupled to the proximal end of the sled 118. The
mtermediate shaft sled 118 can be shaped in various ways, but in the illustrated embodiment has
a substantially rectangular cross-sectional shape with a rounded proximal end. Sinular to the
inner shaft sled 116, the mntermediate shaft sled 118 can also have lateral wings 178a, 178b that
can seat in corresponding tracks formed in an inner surface of the housing. The intermediate
shaft sled 118 can also include first and second protrusions 180a, 180b extending in a vertical
direction configured to mate with extensions 181a, 181b extending laterally from the sliding
coupler 176, This can allow the intermediate shaft sled 118 and the shiding coupler 176 to move
together as a unit.  As a result, when the intermediate shaft sled 118 moves proximally, a shelf
1765 (see FIG. SC) internal to the coupler 176 contacts and pulls the flange 121, and thus the
mtermediate shaft 128, proximally to retract the intermediate shaft 128, The itermediate shaft
sled 118 can include other features such as a recess or cutout 182 formed i the lateral wing 178
that includes a curved bottom-facing surface and a planar distal-facing surface. The recess 182
can be sized an shaped to allow the extension portion of the plate member 114 to move within
the recess 182 and the distal-facing surface can also act as a stop to prevent the plate member

114 from pivoting beyond a particular angle.

[0054] FIGS. 5A-5C also illustrate a release button 177 extending from an upper surface of the
housing 102 and configured to be manually operated by a user to release the intermediate and/or
mner shafts 128, 138 from the housing 102, The release button 177 can include a housing 179
having a space 181 for the intermediate and mner shafts 128, 138 and the elongate shaft 104 to
extend therethrough. This refease button 177 can be selectively depressed by a user to cause a
linkage 183 (biased upwards toward the button 177 by a spring 183s disposed between the
linkage 183 and an inner surface of the housing 102) to slide toward a lower portion of the
housing 102, against the bias. This movement allows the shiding coupler 176 to shide in the same
direction and allows the mating feature 174, and thus the inner shaft sled 116, to disconnect from
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the coupler 176. This movement of the sliding coupler 176 with respect to the intermediate shaft
sled 118 frees the intermediate shaft 128 to be selectively removed from the housing 102, while
separation of the mating feature 174 and inner shaft sled 116 from the sliding coupler 176 frees

the mner shaft 138 to be selectively removed from the housing 102

[0055] The device 100 can include various features and configurations to facilitate cleaning of
the components. For example, the housing 102 can be separated into two halves, piece 102a and
piece 102b, as shown m FIG. SC. The internal actuation components of the housing 102 can be
restrained and seated in one side, e.g., piece 102a, such that the other side, e g, piece 102h, can
be removed, allowing for easy access for cleaning. In some embodiments, the two pieces 102a,
102h can be coupled together using rare earth magnets and these magnets can be positioned in
one side, e.g., piece 102a, to allow for easy attachment and release of the other side, e g, piece
102h. By way of further non-limiting example, a flush port can be incorporated into the housing
102 and can be used to ensure that the elongate shaft 104, the intermediate shaft 128, and the
inner shaft 138 can be cleaned. Additionally, the modularity of the shafts 128, 138, 104
discussed above can facilitate cleaning of the shafts since they can be removed, cleaned, and then

replaced.

[0056] FIG. o illustrates an exemplary method for engaging and disengaging the locking
member 112 of the surgical device 100. The method can include actuating the locking member
112 by rotating it counter clockwise which in turn causes the closure actuator 106 and internal
actuation components of the housing move to a ready-to-load position (see also FIG. 7C,
described below}. More specifically, the closure actuator 106 and the internal actuation
components move proximally. An end effector 30 can be loaded onto the distal end 104d of the
elongate shaft 104 ex vivo or in vivo. After the end effector 30 1s loaded onto the shaft 104, the
user can move the locking member 112 in the opposite direction, 1.e., rotate the locking member
112 1 a clockwise direction. As a result, the closure actuator 106 can move away from the
housing 102 and the closure actuator 106 can be freely movable relative to the housing 102 to
allow a user to actuate the end effector 30 coupled to the elongate shaft 104, In another
embodiment, the locking member, 112 the internal actuation components, and the closure
actuator 106 can automatically move to the ready-to-actuate position in response to the end

effector 30 bemng loaded onto the elongate shaft 104,

[u——y
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[0057] FIG. 7A illustrates the internal components of the housing 102 in a first, resting
position prior to loading an end effector 130, In this posttion, an outer surface of the locking
member 112 extends along a proximal, upper surface of the housing 102, The first and second
arm portions 106a, 106b of the closure actuator 106 are angled away from the housing 102, The
shiding coupler 176, the inner shaft sled 116, and the intermediate shaft sled 118 are in their
distal-most positions with respect to the stationary arm 103 and the housing 102, The first tab
146 of the plate member 114 is seated in the second rounded end 144e of the opening 144 of the
closure actuator 106, The rectangular shaped tab 163 of the plate member 114 s positioned in
the recess 170 formed in the first wing 165 of the inner shatt sled 116 but does not contact the
inner shaft sled 116 The termunal portion of the plate member 114 where the first and second
planar surfaces 161a, 161b meet can contact the lateral pin 117 that extends laterally from the
inner shaft sled 116, Still further, the extension arm 172 of the inner shaft sled 116 can be

recewved in and mate with the shiding coupler 176

[0058]  With the components 50 positioned, a user can apply a pivoting force to the locking
member 112 in the counter clockwise, proximal direction as shown in FIG. 7B to begin moving
the actuation components to the ready-to-load position. This can be accomplished while a user
grasps the stationary arm 103 with his or her palm and uses one or more fingers and/or a thumb
from the same hand to pivot the locking member 112, At the same time, earlier, or later, the user
can also use one or more fingers to operate the closure actuator 106, The user’s palm can be
grasping the stationary arm 103 as the locking member 112 ts moved by one or more fingers
and/or thumb of that same hand, and further, one or more finger(s} and/or thumb from that same

hand can be used to operate the closure actuator 106,

[0059] The pivoting of the locking member 112 can cause the closure actuator 106 to pivot
toward the housing 102 and the first tab 146 of the plate member 114 can advance distally and
along the second planar surface 144b of the opening 144 in the closure actuator 106, This can
also apply a proxamal force to the linkage 140 that couples the mternal arm 122 of the locking
member 112 to the inner shaft sled 116, Because the inner shaft sled 116 s coupled to the
shiding coupler 176 via the extension arm 172 and the coupler 176 engages the flange 121
disposed at the distal end 138d of the mmner shaft 138 with its internal shelf 176s, proximal

movement of the inner shaft sled 116 causes the sliding coupler 176 and the intermediate shaft
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sled 118 coupled thereto to move proximally with respect to the housing 102, as show by the
respective arrows. Proximal movement of the inner shaft sled 116 can cause the lateral pin 117
to also move proximally and pivot the plate member 114 in a clockwise direction as shown by
the respective arrow. The movement of the components and the pivoting of the plate member
114 are also shown m FIG. 7C illustrating the locking member 112 being pivoted toward and just
before it reaches the ready-to-load position, the first tab 146 of the plate member moving toward

the first rounded end 144d of the opening 144 in the closure actuator 106

[0060]  When the components are in the ready-to-load position of FIG. 7D, the pin 117 of the
mner shaft sled 116 rests against a distal-facing surface of the rectangular shaped tab 163 of the
plate member 114, preventing the plate member 114 from pivoting distally in a counter
clockwise direction. Additionally, the locking member 112 cannot be pivoted further i the
counter clockwise direction. The second arm 106b of the closure actuator 106 can be positioned
adjacent to the stationary arm 103 or generally spaced at a distance from the stationary arm 103
that 15 smaller than when the closure actuator 106 is in the first, resting position. In either
example, the closure actuator 106 1s in a fixed position and a user cannot move the closure
actuator 106 relative to the housing 102, As previously mentioned, this can ensure that a user
does not try to actuate the closure actuator 106 prior to an end effector being loaded onto the

device 100

[0061] Though not shown, at this time an end effector can be loaded onto the device 100 and
then the sliding coupler 176, the inner shaft sled 116, the intermediate shaft sled 118, the closure
actuator 106, and the locking member 112 can return to the position of FIG. 7A. This can be
accomplished by pivoting the locking member 112 10 a clockwise direction back to the position
of FIG. 7A using the same single hand which can be primarily disposed around the stationary
arm 103, This will cause the inner shaft sled 116 and the intermediate shaft sled 118 to shide
distally to their distal posttion and will allow the plate member 114 1o pivot in a counter
clockwise direction until the actuation components and the closure actuator 106 are 1o the
position of FIG. 7A, as illustrated by the respective arrows i FIG. 7. Notably, as the
mtermediate shaft sled 118 advances distally, the plate member 114 1s able to rotate to the ready-

to-fire position because its movement 15 no longer restricted by the pin 117, This likewise frees
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the closure actuator 106 to move to the ready-to-fire postiion and be operated by the user as

desired.

[0062] A method for performing a surgical procedure can include passing the elongate shaft
104 of the surgical instrument 100 through a first inciston 300 as shown in FIG. 8. The first
mncision 300 can be a percutaneous incision formed at least partially by a puncture formed with
the distal obturator tip of the inner shaft (not shown) or the incision can be formed using a
separate instrument. As the elongate shaft 104 passes through the incision 300 in a tissue wall
302, the device can be in the first, resting position of FIG. 7A and the distal tip of the inner shaft
and the arms of the intermediate shaft can be in the distal position beyond the distal end of the
elongate shaft 104 or the device can be in the ready-to-load position of FIG. 7. An end effector
can be selected from a plurality of end effectors provided in a kit (though the description below
refers to the end effector 130, any end effector can be used) and the loading process can begin as
in FIG 8A. The end effector 130 can be loaded ex vivo into the distal end of the loader 200. In
this example, the end effector 130 has tissue grasping jaws, but as previously mentioned a
variety of other end effectors could also be used. The distal end of the loader 200 with the end
effector 130 loaded therein can be passed through a second 1ncision 400 formed in a tissue wall
402 as shown. The second incision 400 can also be percutaneous ncision spaced from the first
incision 300, If pneumoperitoneum is desired, the incisions 300, 400 can have instrument seals
such as by positioning a trocar in each incision and inserting the surgical instrument 100 or
ioader 200 through the trocar. In other embodiments, trocars need not be used and mstead the
resihence of the tissue can form a seal around the shaft 104, 202 of the instrament 100, 200

without the aid of a separate trocar or sealing device.

[0063] The tissue wall anatomies will vary based on the surgical procedure, but some non-
fmiting examples include percutaneous incisions extending into the abdomen, thorax, or pelvis.
The mcisions 300, 400 can be formed with a cutting or puncturing instrument and will typically
be spaced apart from one another. The tissue walls 302, 402 can be the same or different
anatomies. For example, tissue walls 302, 402 can both be the abdommal wall. In another
example, the tissue wall could be an organ {e.g., stomach, colon, esophagus, eic.) accessed
through a natural orifice, while the mcision in tissue wall can be percutaneous. In yet another

example, the first mncision 300 can provide access to the abdomen, while the second 1n¢ision 400
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can provide access to the pelvis. The surgical end effecior 130 can be selectively attachable in
vivo and detachable in vivo to the attachment mechanismy/loading zone located at the distal end of
the elongate shaft 104 of the instrument 100. For in vive attachment, the loader 200 can hold the
end effector 130 during attachment to and detachment from the surgical instrument 100, The
distal portion 204 of the loader 200 is typically mtroduced and removed through an incision in-
line with the shaft 202 and then articulated about the joint 205 in vive to align the end effector
130 with the shaft 104 of the surgical instrument 100, In another embodiment, the end effector
130 can be loaded ex vive onto the distal end 1044 of the shaft 104 and then introduced into the

surgical field through the first incision 300

[0064] The distal portion 204 of the loader 200 can be articulated relative to the shaft 202 of
the loader 200 as desired so as to align the proximal end of the end effector 130 and the
attachment mechanisms of the surgical mstrument 100 to form the loading zone, as shown in
FIG. 8B. The locking member 112 can be pivoted counterclockwise and this can cause the
shiding coupler 176, the inner shaft sled 116, and the intermediate shaft sled 118 to slide
proximally within the housing 102. The device 100 can be advanced distally toward a proximal
end of the end etfector 130 until the distal end of the shaft 104 1s disposed in the distal portion
204 of the loader 200 as shown o FIG. 8C. The arms 128a, 128b can deflect mediallv so as to
create a smaller size profile that can fit mside of the end effector’s tube 212, After the end
effector 130 15 onto the shaft 104 and engages with the ridge of the arms, a user can pivot the
focking member 112 back to its first, resting position to cause the end effector 130 to lock onto
the shaft 104 by the arms and the distal tip moving distally. Alternatively, loading the end
effector 130 onto the shaft 104 can automatically cause the shiding coupler 176, the inner shaft
sled 116, and the intermediate shaft sled 118 to move distally and the distal tip of the mner shaft
and the arms of the intermediate shaft 118 can engage with the end effector 130 In both
embodiments, the closure actuator 106 will have returned to its first position angled away from
the housing 102, This position 1s also referred to as a ready-to-actuate position because the end

etfector 130 1s now coupled to the device 100

[0065] With the end effector 130 attached to the device 100, a force can be apphied in a
proxumal direction to the housing 102 of the device 100 to withdraw the end effector 130 from

the loader 200 as shown i FIG. 8D, Tissue can be then manipulated using the device 100 by
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actuating the closure actuator 106 of the housing 102 {e.g., moving the closure actuator toward or
away from the housing 102) to move the intermediate shaft sled 118 to operate the end effector
130, e.g., open and close the pivot jaws. With the end effector 130 properly loaded onto the
device 100, the ratcheting features of the closure actuator 106 can be engaged if desired by
depressing or otherwise activating the locking switch 108 disposed on the housing 102 prior to or
after the closure actuator 106 is pivoted toward the housing 102, Activating the locking switch
108 can hold the closure actuator 106 in a fixed position even when a user stops applying a force

to hold the closure actuator 106 and can still allow a user to incrementally advance the closure

actuator 106 toward the housing 102,

[0066]  After completing the surgical procedure, the end effector 130 can be detached from the
shaft ex vivo or in vivo. If the loader 200 was previously removed, the loader can be
reintroduced 200 through the second incision into the surgical field to allow for in vivo
detachment of the end effector 130. The distal end of the end effector 130 can be inserted and
seated in the distal end of the loader 200, and the inner shaft can be moved proximally to its
unlocked position by pivoting the locking member 112 to the ready-to-load position. The arms
can also move proximally by moving the locking member 112 to the ready-to-load position. The
end effector 130 can be held in the loader 200 by the engagement feature {not shown) and the
distal end of the shaft 104 can then be withdrawn leaving the end effector 130 in the loader 200
and thereby detaching the end effector 130 from the mstrument 100, The loader 200 having the
end effector 130 disposed therein can be removed from the surgical field. A different end
effector 130 can then be inserted into the loader 200 and then attached to the surgical instrument
100 using the steps described above or the surgical instrument 100 can be withdrawn from the

surgical field.

[0067] A person skilled 1n the art will appreciate that the present invention has application in
conventional endoscopic and open surgical mstrumentation as well application i robotic-

assisted surgery.

[0068] The devices disclosed herein can be designed to be disposed of after a single use, or
they can be designed to be used multiple times. In either case, however, the device can be

reconditioned for reuse after at least one use. Reconditioning can include any combmnation of the
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steps of disassembly of the device, followed by cleaning or replacement of particular pieces, 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 m any
combination. Upon cleaning and/or replacement of particular parts, the device can be
reassembled for subsequent use either at a reconditioning facility, or by a surgical team
mmediately 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, are all within the scope of the present application.

[0069] Preferably, the devices described herein will be processed before surgery. First, a new
or used instrument is obtained and if necessary cleaned. The mstrument can then be sterilized.
In one sterilization technique, the instrument 1s placed in a closed and sealed container, such as a
plastic or TYVEK"™ bag. The container and its contents are then placed in a field of radiation
that can penetrate the container, such as gamma radiation, x-rays, or high-energy electrons. The
radiation kils bacteria on the instrument and in the container. The steritlized instrument can then
be stored in the sterile contamer. The sealed container keeps the instrument sterde until it is

opened in the medical facility.

[0070] It s preferred that device 1s sterilized. This can be done by any number of ways known

to those skilled in the art including beta or gamma radiation, ethylene oxide, steam.

[0071] One skilled in the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the mvention ts not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. All
publications and references cited herein are expressly incorporated herein by reference in their

entirety.
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What is claimed 1s:

1. A surgical device, comprising:

a housing;

a closure actuator coupled to the housing and configured to pivot with respect to the
housing;

an elongate shaft extending distally from the housing, the elongate shaft having a loading
zone located at a distal end of the elongate shaft, the loading zone being configured to receive an
end effector; and

a locking member operably coupled to one or more actuation components disposed
within the housing, the one or more actuation components also being coupled to the closure
actuator such that movement of the locking member effects movement of the closure actuator,

wherein the locking member 1s configured to move to a load position in which the closure

actuator 1s held at a fixed location with respect to the housing such that an end effector can be

loaded onto the distal end of the elongate shaft at the loading zone.

2. The device of claim 1, further comprising:

an inner shaft disposed within an inner lumen of the elongate shaft, the mner shaft having
a proximal end coupled to the one or more actuation components disposed within the housing,
the inner shaft being configured to translate relative to the elongate shaft along a longitudinal
axis thereof, and the inner shaft being configured to lock an end effector to the distal end of the
elongate shaft at the loading zone when a distal end of the inner shaft s disposed within a portion
of the mner lumen contained within the loading zone,

wherein when the locking member is in the load position, the distal end of the inner shaft

15 located proximal of the loading zone.

3. The device of claim 2, wherein the one or more actuation components comprises a plate

pivotally coupled to the closure actuator and configured to be slidably coupled to the mner shaft

4. The device of claim 3, wherein the one or more actuation components further comprises:
a sled coupled to the proximal end of the inner shaft and configured to slide along a path
within the housing, the sled engaging the plate when the sled 13 positioned on a proximal portion

of the path; and
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a linkage having a first end coupled to the locking member and a second end coupled to

the sled.

5. The device of claim 1, wherein the closure actuator comprises an opening formed ina

g anda

o2

portion thereof, with at least a portion of the opening being disposed within the housin
cam surface that is configured to move the closure actuator towards the fixed location in

response to the locking member moving to the load position.

6. The device of claim 1, wherein the locking member has a use position at which the
closure actuator 1s located further from the housing than when the locking member is in the load

position.

7. The device of claim 2, further comprising an intermediate shaft disposed between the
elongate shaft and the inner shaft, the intermediate shaft having an advanced position in which a
portion of the intermediate shaft that extends distally beyond the distal end of the elongate shaft

is part of the ioading zone.

3 A surgical device, comprising:
a housing;
a closure actuator coupled to the housing at a distal, lower portion of the housing, the
closure actuator being configured to pivot with respect to the housing;
an elongate shaft extending distally from a distal, upper portion of the housing, the
elongate shaft having a distal end configured to receive an end effector; and
a locking member extending from a proximal, upper portion of the housing, the locking
member being configured to move between a loading position at which an end effector can be
loaded onto the distal end of the elongate shaft, and a firing posttion at which the closure actuator

can be operated to control an end effector loaded onto the distal end of the elongate shaft.

9. The device of claim 8, wherein the locking member 1s configured to pivot with respect to

the housing between the loading position and the firing posttion.

10. The device of claim &, wherein the housing further comprises a handle portion configured

to be gripped by a hand of an operator, the locking member being configured to be controlled by
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one or more fingers or thumb of the hand of the operator while the hand remains gripping the

handle portion.

11 The device of claim 8, further comprising:

an inner shaft disposed within an mner lumen of the elongate shaft and being configured
to translate relative to the elongate shaft along a longitudinal axis thereof, the imner shaft further
being configured to lock an end effector to the distal end of the elongate shaft when a distal end
of the mner shaft i1s disposed within a portion of the inner lumen that has an end effector
disposed therearound,

wherein when the locking member 15 in the loading position, the distal end of the inner
shaft 1s located proximal of the portion of the inner lumen that has an end effector disposed
therearound, and when the locking member is in the firing position, the distal end of the inner
shaft 1s located within the portion of the inner lumen that has an end effector disposed

therearound.

12. The device of claim 11, further comprising an intermediate shaft disposed between the
elongate shaft and the inner shaft, the intermediate shaft having an advanced position 1n which a
portion of the intermediate shaft that extends distally beyond the distal end of the elongate shaft

1s configured to receive an end effector.

13. The device of claim 11, further comprising a plate disposed within the housing and

pivotally coupled to the closure actuator and configured to be slidably coupled to the muner shaft.

14. The device of claim 13, further comprising:

a sled configured to travel along a path within the housing and coupled to a proximal end
of the inner shatt, the sled engaging the plate when the sled travels along a portion of the path;
and

a linkage disposed within the housing, the linkage having a first end coupled to the

locking member and a second end coupled to the sled.

15. The device of claim 14, further comprising a pin disposed on the sled and configured to
prevent the plate and the closure actuator from moving when the closure actuator 1s in the

loading position.

26
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16. A surgical method, comprising:

moving a locking member of a surgical device to a loading position, which also causes a
closure actuator of the surgical device to move to a fixed loading position, wherein when the
locking member is in the loading position and the closure actuator is in the fixed loading
position, an end effector can be loaded onto a surgical end of the surgical device; and

coupling an end effector to the surgical end of the surgical device.

17. The surgical method of claim 16, wherein coupling an end effector to the surgical end of
the surgical device further comprises distally advancing an inner shaft of the surgical device

within a lumen of an outer shaft of the surgical device.

18 The surgical method of claim 17, wherein distally advancing the inner shaft of the
surgical device within the lumen of the outer shaft of the surgical device expands one or more
arms of an intermediate shaft disposed between the outer shaft and the inner shaft radially

outward to couple the end effector to the surgical end of the surgical device.

19. The surgical method of claim 17, further comprising forming an incision in tissue using a
distal end of the inner shaft prior to moving a locking member of a surgical device to the loading

position.

20. The surgical method of claim 16, further comprising;

mserting the surgical end of the surgical device to a surgical site through a first incision;
and

mserting a loader to a surgical site through a second incision, the loader being configured

to present an end effector to the surgical end of the surgical device.



WO 2017/034816 PCT/US2016/046550

114

1044




WO 2017/034816 PCT/US2016/046550

3
133 é/ / 130 134




WO 2017/034816 PCT/US2016/046550

314

FIG. 3C

134"

FIG. 3D



WO 2017/034816 PCT/US2016/046550

4114




WO 2017/034816 PCT/US2016/046550

5/14

FIG. 4



WO 2017/034816 PCT/US2016/046550

6/14

FIG. 5A




WO 2017/034816 PCT/US2016/046550

714

FIG. 5B




WO 2017/034816 PCT/US2016/046550

8/14

FIG. 5C




WO 2017/034816

9/14

ROTATE THE LOCKING MEMBER
SUCH THAT THE CLOSURE ACTUATOR
AND INTERNAL FEATURES OF THE
HOUSING MOVE TO AREADY-TO-
LOAD POSITION

LOAD END EFFECTOR ONTO DISTAL
END OF ELONGATE SHAFT EXVIVO
ORINVIVO

ROTATE THE LOCKING MEMBER
BACK TOITS PREVIOUS POSITION
WHICH CAUSES THE CLOSURE
ACTUATOR AND INTERNAL
COMPONENTS OF THE HOUSING TO
MOVE TO AFIRING/READY-TO-
ACTUATE POSITION

PIVOT CLOSURE ACTUATOR TO

ACTUATE END EFFECTOR (e g,

OPEN AND CLOSE JAWS OF THE
END EFFECTOR)

FIG. 6

PCT/US2016/046550



WO 2017/034816 PCT/US2016/046550




WO 2017/034816 PCT/US2016/046550




WO 2017/034816 PCT/US2016/046550

1214

FIG. 8A




WO 2017/034816 PCT/US2016/046550

1314

FIG. 8C



WO 2017/034816 PCT/US2016/046550

1414

FIG. 8D




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/046550

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/29
ADD.

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

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

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.

figures 12a-16d

figures 1-30

US 2012/259325 A1l (HOUSER KEVIN
AL) 11 October 2012 (2012-10-11)

figures 1-9

WO 20147145595 A2 (PELL CHRISTOPHER [US];
ROOP JOHN [US]; DUGGAN BRYAN [US]; MIRET
SURGIC) 18 September 2014 (2014-09-18)
paragraph [0144] - paragraph [0151];

US 2014/276666 Al (MALKOWSKI JAROSLAW T
[US]) 18 September 2014 (2014-09-18)
paragraph [0102] - paragraph [0120];

paragraph [0043] - paragraph [0056];

1-15

1,8
L [US] ET

1,7,8,12

_/__

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
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"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
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 November 2016

Date of mailing of the international search report

16/11/2016

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Moers, Roelof

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




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/046550

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

3 January 2008 (2008-01-03)
paragraph [0063]; figure 4

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 8 764 769 Bl (RODRIGUEZ-NAVARRO ALBERTO 1,8
[US] ET AL) 1 July 2014 (2014-07-01)
column 6, line 1 - line 22; figure lc
A US 2008/004656 Al (LIVNEH STEVE [CA]) 1,8

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




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2016/046550
Box No.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.: 16-20
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. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed 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 International Searching Authority found multiple inventions in this international application, as follows:

-

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

2. I:' 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.

I:' 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/US2016/046550
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2014145595 A2 18-09-2014  EP 2967647 A2 20-01-2016
JP 2016515411 A 30-05-2016
US 2016015253 Al 21-01-2016
WO 2014145595 A2 18-09-2014

US 2014276666 Al 18-09-2014 AU 2014200489 Al 02-10-2014
CA 2845425 Al 14-09-2014
CN 104042282 A 17-09-2014
EP 2777562 Al 17-09-2014
US 2014276666 Al 18-09-2014

US 2012259325 Al 11-10-2012  NONE

US 8764769 Bl 01-07-2014 (N 105392416 A 09-03-2016
EP 2967283 Al 20-01-2016
JP 2016510659 A 11-04-2016
US 8764769 Bl 01-07-2014
US 2014277104 Al 18-09-2014
US 2016228138 Al 11-08-2016
WO 2014163872 Al 09-10-2014

US 2008004656 Al 03-01-2008 AT 545374 T 15-03-2012
CN 101677824 A 24-03-2010
EP 2034910 Al 18-03-2009
US 2008004656 Al 03-01-2008
WO 2008005433 Al 10-01-2008

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 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	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 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

