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(54) Title: SURGICAL INSTRUMENT HAVING A STOP GUARD

FIG. 1

(57) Abstract: Surgical instruments and methods including a stop guard are described herein. An exemplary instrument can include
an inner shaft disposed within an outer shaft, the inner shatt including a tissue-piercing tip and being effective to secure an end ef -
fector to the device. A stop guard can be coupled to the inner shaft and extend through outer shaft sidewall openings when the tip is
advanced distally or retract into the outer shatt when the tip is retracted proximally. In a percutaneous procedure, external force ap -
plied to the stop guard by the tissue can retract the tip to prevent damage to surrounding tissue as the instrument is advanced distally.
Moreover, once passed through pierced tissue, the stop guard can be redeployed when the inner shaft is advanced distally to secure
an end effector to the instrument and can prevent inadvertent withdrawal of the instrument.
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SURGICAL INSTRUMERT HAVING A STOP GUARD

FIELD OF INVENTION

[0001] This disclosure relates generally to surgical instruments and, more particularly, to such
mstruments that include a stop guard for preventing over-insertion into, and mnadvertent removal

from, a patient’s body.
BACKGROUND

[0002] Surgical procedures are used to treat and cure a wide range of diseases, conditions, and
mjuries. Surgery often requires access to internal tissue through open or minmimally 1nvasive
surgical procedures. The term “minimally invasive” refers to all types of minimally imvasive
surgical procedures, mcluding endoscopic, laparoscopic, arthroscopic, natural orifice

miraluminal, and natural onifice transhuminal procedures.

00031 Muinimally mvasive surgery can have numerous advantages compared to traditional open
surgery, mcluding reduced recovery time, pain, and surgery-related complications. In many
minimally mvasive procedures, the abdominal cavity 13 insufflated with carbon dioxide gas to
provide adequate space to perform the procedure. The msufflated cavity is generally under
pressure and is sometimes referred to as being m a state of pneumoperitoneum. Surgical access
devices are often used to facilitate surgical manipulation of internal tissue while maintaining
pneumoperitoneum. For example, during a surgical procedure, the abdominal wall can be
pierced and a cannula or trocar can be inserted into the abdominal cavity. Surgeons can then

perform a variety of procedures while minimizing patient trauma.

[0004] Various surgical instruments can be configured to manipulate tissue during a minimally
mvasive surgical procedure. An exemplary surgical instrument can include an actuator and an
elongate shaft with an end effector that can be selectively coupled to the shaft and can articulate
relative to the shaft. Such a device can include one or more modular features, such as an end
etfector that can be selectively atiached to, and detached from, the shaft using a locking
mechamism. The device can also inchide an inner shaft disposed within the elongate shaft, and
the inner shaft can include a pointed tip for piercing the abdonunal wall. Accordingly, the device

can be inserted into a patient’s body without an end effector attached by using the pointed tip of
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the inner shaft to form an incision in tissue. The end effector can then be selectively attached to

the patient within, e g., the abdominal cavity, to perform the procedure.

[0005] While the pointed tip of the instrument can be useful for piercing the abdominal wall, 1t
can cause damage to surrounding tissue if the instrument is inserted too far into a patient’s body.
Even if the instrument 1s not over-inserted distally, moving the pointed tip around within the
body can cause undesirable damage to nearby tissue. Furthermore, it is also possible that a user
can easily withdraw the surgical device from the patient’s body inadvertently, both when an end
effector 1s attached thereto and, especially, when no end effector is attached because of the low

profile of the elongate shaft alone.

[0006] In addition, surgical devices configured to selectively couple to end effectors within the
body can sometimes employ a clevis-like attachment mechanism that includes opposed arms that
are radially deflectable to allow insertion into a socket formed on an end effector. The opposed
arms of the attachment mechanism can, in some embodiments, be quite small and thin. There 1s
a risk that these arms can become permanently bent or otherwise deformed if, for example, an
end effector 1s not correctly aligned during coupling {(e.g., if only one of the arms enters the
socket on the end effector while the other arm remains outside the socket, the arms can be bent
away from one another). t1s also possible that tissue or other nearby structures can catch one of

the arms during insertion and/or withdrawal of the device.

(00071 Accordingly, there is a need for improved devices and methods that assist users in
preventing over-insertion and/or unintentional withdrawal of a device being passed through
tissue. There 15 also a need for devices and methods that protect against damage to an

attachment mechanism used to couple to an end effector.
SUMMARY OF THE INVENTION

[0008] The present invention generally provides surgical devices and methods that prevent over-
msertion and/or unintentional withdrawal of an instrument being passed percutaneously through

tissue, while also providing protection to any more delicate components of the device, such as an
attachment mechanism. The mnstruments described herein generally include a selectively

deployable stop guard coupled to a pointed distal tip of the instrument. The stop guard can be
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configured to deploy when the pointed distal tip 1s exposed to puncture tissue. As the distal tip is
advanced through tissue, the deploved stop guard can contact the tissue being punctured and
move into a retracted configuration in response to a force exerted on the stop guard by the tissue.
This movement can cause the distal tip coupled to the stop guard to also move into a retracted
position, preventing any undesired damage to nearby tissue. Moreover, once the stop guard is
advanced through the tissue in the retracted configuration, it can again be selectively deployed

and utilized to provide increased resistance to removing the instrument from the patient’s body.

[0009] The instruments described herein can also include features that protect against damage to
an attachment mechanism used to couple a distal end of the instrument to an end effector. Such
components can include, for example, a protective sheath that can selectively surround a distal
portion of the device, as well as a snap ring or other retaining device that can provide support to,

for example, opposed arms of a clevis-like attachment mechanism.

[0010] In one aspect, a surgical mstrument 1s provided that includes an outer shaft having an
mner lumen and at least one sidewall opening formed therein. The instrument can further
mnclude an inner shaft disposed within the inner lumen of the outer shaft and configured to
translate relative to the outer shaft along a longitudinal axis thereof. The inner shaft can also
nclude a distal end configured to puncture tissue. The mnstrument can also include a stop guard
coupled to the mner shaft and having at least one retractable wing configured to both extend
radially outward through the at least one sidewall opening of the outer shaft and retract radially
inward towards the 1nner shaft such that the retractable wing is disposed within a diameter of the
outer shaft. Further, when the at least one retractable wing 1s extending radially outward through
the at least one sidewall opening of the outer shaft, the at least one retractable wing can be
configured to retract radially inward towards the inner shatt in response to the at least one
retractable wing coming into contact with an external object as the nstrument 1s advanced
distaily into tissue. Moreover, the radially mward retraction of the at least one retractable wing
can result in the distal end of the inner shaft retracting proximally towards the distal end of the

outer shaft.

[0011] The devices and methods described herein can have a number of additional features

and/or variations, all of which are within the scope of the present disclosure. In some
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embodiments, for example, the distal end of the inner shaft can be configured to retract
proximally towards the distal end of the outer shaft such that, upon contact with an external
object by the at least one retractable wing, the distal end of the inner shaft is disposed within the

inner lumen of the outer shaft.

[0012] In other embodiments, the instroment can further include an intermediate shaft having an
mner lumen and at least one sidewall opening formed therein. The intermediate shaft can be
disposed between the outer shaft and the inner shaft and can be configured to translate relative to
the outer shaft along a longitudinal axis thereof. The intermediate shaft can be further
configured to translate to a position at which the at least one sidewall opening of the intermediate
shaft is aligned along at least a portion of its length with the at least one sidewall opening of the
outer shatt and a distal end of the intermediate shaft extends distally bevond the distal end of the
outer shaft. In such an embodiment, the distal end of the inner shaft can be configured to retract
proximally towards the distal end of the intermediate shaft, upon contact with an external object
by the at least one retractable wing, such that the distal end of the inner shaft is disposed within

the inner lumen of the intermediate shaft.

[0013] In certain embodiments, each of the intermediate and outer shafis can include first and
second deflectable arms. The deflectable arms can be extended radially outward by the inner
shaft moving distally between them, and the radial extension of the arms can secure an end
effector to a distal end of, for example, the intermediate and/or outer shafts. Accordingly, in
some embodiments the instrument can include an end effector configured 1o be coupled to at
least one of the distal end of the intermediate shaft and the distal end of the outer shaft by the
inner shaft extending the first and second deflectable arms of the intermediate shaft and/or the
outer shaft radally outward towards sidewalls of the end effector. Moreover, in some
embodiments the at least one retractable wing of the stop guard can be configured to extend
radially outward through the at least one sidewall opening of the outer shaft when the end
effector 15 coupled to at least one of the distal end of the intermediate shaft and the distal end of

the outer shaft.
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0014} In embodiments that include an intermediate shaft, the stop guard can have a fully
retracted position in which an outer-most radius of the stop guard is greater than a radius of the

intermediate shaft but less than a radius of the outer shaft

[0015] The stop guard can have a variety of shapes and configurations. In some embodiments,
for example, the at least one retractable wing of the stop guard can include a first retractable
wing and a second retractable wing, the first and second retractable wings being configured to
extend radially outward through first and second sidewall openings of the at least one sidewall
opening of the outer shaft, respectively, and retract radially inward towards the inner shaft such
that the first and second retractable wings are disposed within a diameter of the outer shaft. In
some embodiments, for example, the first and second retractable wings can be disposed on
opposite sides of the inner shaft from one another. In other embodiments, however, a different
number of retractable wings can be utilized, and the wings can be positioned differently about

the instrument.

[0016] In another aspect, a surgical instrument is provided that can include an outer shaft having
an inner lumen and at an least one sidewall opening formed therein, as well as an inner shaft
disposed within the inner lumen of the outer shaft and configured to transiate relative to the outer
shaft along a longitudinal axis thereof. The inner shaft also includes a distal end configured to
puncture tissue. The instrument further includes a stop guard coupled to the inner shaft and
configured to proximally retract the inner shaft upon contact with tissue such that the distal end
of the inner shaft 1s contained within the inner lumen of the outer shaft. Accordingly, the stop
guard can effect automatic retraction of the tissue-puncturing distal tip of the inner shaftata
predetermined depth of 1nsertion, e.g., as the instrument passes through tissue, such as the
abdomen wall. Further, the retraction can be effected via interaction between the stop guard and

the tissue {e.g., an abdomen wall).

[0017] As with the mstrument described above, a number of variation and additional features are
possible. For example, the stop guard can be further configured to move between a first position,
in which the stop guard extends through the at least one sidewall opening when the distal end of
the mner shaft extends distally bevond a distal end of the outer shaft, and a second position, in

which the stop guard s retracted towards the inner shaft such that a radius of the stop guard 15
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less than a radius of the outer shaft when the distal end of the outer shaft is disposed within the

mner lumen of the outer shaft.

[0018] In other embodiments, the instrument can inchide an intermediate shaft having an inner
fumen and at least one sidewall opening formed therein, the intermediate shaft being disposed
between the outer shaft and mner shaft and configured to translate refative to the outer shaft
along a longitudinal axis thereof. The intermediate shaft can be further configured to translate to
a position at which the at least one sidewall opening of the intermediate shaft 1s aligned along at
least a portion of its length with the at least one sidewall opening of the outer shaft and a distal

end of the intermediate shaft extends distally beyond the distal end of the outer shaft.

[0019] In certain embodiments, each of the intermediate and outer shafis can include first and
second deflectable arms. In such embodiments, the retractable stop guard can be configured to
move to a third position, in which the stop guard extends through the at least one sidewall
opening of both the intermediate shaft and the outer shaft, and the distal end of the inner shaft is
disposed at or distal of the distal end of the intermediate shaft to cause the first and second
deflectable arms of the intermediate shaft to extend radially outward towards sidewalls of an end

effector to couple the end effector to at least one of the intermediate shaft and the outer shaft.

[0020] In another aspect, a method for puncturing tissue is provided that includes passing an
mner shaft of an instrument distally through a lumen of an outer shaft of the instrument such that
a distal end of the inner shaft extends beyond a distal end of the outer shaft and a stop guard
coupled to the inner shaft extends radially outward of the outer shaft. The method can further
mnclude forming a puncture in tissue by advancing a distal end of the inner shaft into tissue. The
method can also mclude advancing the instrument through the puncture until the stop guard
coupled to the inner shaft and extending radially outward of the outer shatt contacts the tissue in
which the puncture was formed, thereby causing the stop guard to retract radially mward toward
the inner shaft and the distal end of the inner shaft to retract proximally toward the distal end of
the outer shaft. In some embodiments, the distal end of the mner shaft can retract proximally
into the lumen of the outer shaft in response to the stop guard retracting radially inward toward

the inner shaft.
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[0021] In other embodiments, the method can further include advancing the instrument through
the puncture when the stop guard 1s retracted radially inward such that the stop guard passes
through the puncture, and coupling an end effector to the outer shaft by advancing the distal end
of the nner shatt distally through the lumen of the outer shaft such that the stop guard moves

from its retracted radially immward position to extending radially cutward of the outer shaft.

[0022] In certain embodiments, an mtermediate shaft having an inner lumen can be disposed
between the outer shaft and the mner shaft and can be positioned such that a distal end of the
mtermediate shaft extends distally beyond the distal end of the outer shaft. Further, passing the
mnner shatt of the instrument distally through the lumen of the outer shaft can also include
passing the inner shatt distally such that the distal end of the inner shaft extends bevond a distal

end of the intermediate shaft.

[0023] In still other embodiments, the method can further include advancing the mstrument
through the puncture when the stop guard is retracted radially inward such that the stop guard
passes through the puncture. The method can also include coupling an end effector to at least
one of the intermediate shaft and the outer shaft by advancing the distal end of the inner shaft
distally through the lumen of the intermediate shaft such that the stop guard moves from its

retracted radially inward position to extending radially outward of the intermediate shaft.

[0024] Any of the features or variations described above can be applied to any particular aspect
or embodiment of the invention in a number of different combinations. The absence of explicit
recitation of any particular combination is due solely to the avoidance of repetition in this

summary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 1s a perspective view of one embodiment of a surgical mstrument having a stop

guard;
[0026] FIG. 2 1s a detail view of a distal end of the instrument of FIG. 1;

(00271 FIG. 3 is a perspective view of an inner shatt of the instrument of FIG. 1;

~J
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[0028] FIG. 4 is a detail view of an actuator of the instrument of FIG. 1;

1]

[0029] FIG. SA 1s a side view of one embodiment of a surgical instrument having a stop guard

advancing through tissue;

[0030] FIG. SBis a side view of the instrument of FIG. 5A upon contact with tissue that causes

the stop guard to retract radially inward and an obturator to retract proximally;

[0031] FIG. SC s a perspective view of an inner shaft of the instrument of FIG. 5A with the

stop guard retracting radially imnward;

[0032] FIG. 6A 1s a side view of one embodiment of a surgical instrument and a loading device

prior to coupling an end effector to the surgical instrument;

[0033] FIG. 6B 1s a detail view of the mstrument and loading device of FIG. 64, including a
distal mating feature of the instrument being positioned adjacent to, and i axial alignment with,

the loading device,

[0034] FIG. 6C 1s a detail view of the instrument and loading device of FIG. 6A, including the

mnstrument coupling to an end effector held by the loading device;

[0035] FIG. 6D 15 a side view of the instrument and loading device of FIG. 64, including the

mnstrument and end effector coupled thereto pulling away from the loading device;

[0036] FIG. 7A 15 a perspective view of one embodiment of a surgical instrument including a

wound protector in a distal position;

(00371 FIG. 7B is a perspective view of the surgical instrument of FIG. 7A with the wound

protector in a proximal position;
[0038] FIG. 7C 1s a detail view of a distal end of the instrument of FIG. 7A;
[0039] FIG. 7D 1s a side cross-sectional view of a distal end of the instrument of FIG. 7A; and

[0040]  FIG. 81s a perspective view of one embodiment of a surgical instrument including a

supporting spring clip.
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DETAILED DESCRIPTION OF THE INVENTION

[0041] 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. Gne or more examples of these embodiments are illustrated in the
accompanying drawings. Those skilled in the art will understand that the devices and methods
specifically described herein and iilustrated in the accompanying drawings are non-limiting
exemplary embodiments 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

mntended to be included within the scope of the present invention.

[0042] Additionally, to the extent that linear or circular dimensions are used i the description of
the disclosed devices and methods, such dimensions are not intended to limit the types of shapes
that can be used in conjunction with such devices and methods. A person skilled in the art will
recognize that an equivalent to such linear and circular dimensions can easily be determined for
any geometric shape. Further, in the present disclosure, like-numbered components of the
embodiments generally have similar features. Still further, sizes and shapes of the devices, and
the components thereof, can depend at least on the anatomy of the subject in which the devices
will be used, the size and shape of components with which the devices will be used, and the

methods and procedures in which the devices will be used.

00437 Surgical devices and methods are described herein that include features to prevent over-
insertion and/or accidental removal of a device being passed percutaneously mnto a patient’s
body. Such devices can generally include an actuator and an elongate shaft that can extend from
the actuator, and a distal end of the shaft can be configured to selectively couple to an end
effector in vivo or ex vivo. The elongate shaft can itself include an outer shaft, an intermediate
shaft, and an inner shaft with a selectively deplovable stop guard coupled thereto, as explained m
more detail below. In one exemplary embodiment, a device or instrument for performing a
surgical procedure can be provided that includes an inner shaft or obturator with a pomted distal
tip configured to puncture tissue and a selectively deployable stop guard configured to prevent
damage to surrounding tissue as a result of over-insertion of the distal tip. Further, the stop

guard can be configured to proximally retract the mner shaft upon contact with tissue (e.g., tissue

.
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being penetrated by the instrument) such that the tissue-puncturing distal end of the inner shaft is
safely contained within the outer shaft. Still further, the stop guard can be used to prevent
accidental withdrawal of the instrument once positioned inside a patient’s body, e.g., by passing
the stop guard through tissue in a retracted configuration and deploying it inside the abdominal
cavity or other area of a patient’s body. The stop guard can have a number of different
configurations but, in some embodiments, can include two (or some other number of) wings {or
other structures) formed on the inner shaft that can be extended radially when the pointed distal

tip 1s exposed from a distal end of the outer and/or mtermediate shafts.

[0044] In use, such an instrument can be mserted into a patient’s body using the pointed tip on
the obturator to puncture and penetrate through tissue. Exemplary tissue can include, for
example, a patient’s abdomen wall. This is only one example of tissue that can be penetrated,
however, and the instrument can also be used in combination with any other tissue found in other
areas of the body or with other “non-tissue” objects. The stop guard, which can be extended or
deploved when the pointed distal tip 1s exposed, can contact an external object, such as the tissue
being punctured, and prevent the pointed distal tip from extending further into tissue where it
might cause undesirable damage. Moreover, a force exerted on the stop guard by the tissue or
other external object can cause the stop guard and obturator to retract proximally. This proximal
movement can shield the obturator distal tip within the intermediate and/or outer shafis and can
cause the stop guard to retract radially inward. In some embodiments, the device can then be
further 1nserted into tissue such that the stop guard, n 1ts retracted state, 13 positioned on a far
side of the punctured fissue within a patient’s body. The stop guard can then be selectively
deploved again, for example i connection with coupling an end effector to a distal end of the
miermediate and/or outer shafis. By way of further example, n some embodiments the obturator
or inner shaft having a pointed distal tip can also be utilized to lock an end effector onto a distal
end of the imtermediate and/or outer shafts. As a result, when an end effector 15 coupled to the
mstrument inside a patient’s body, the obturator can be advanced distally to secure the
connection. The distal advancement of the obturator relative to the intermediate and/or outer
shafts can result in the deployment of the stop guard inside the abdominal cavity or other area of
the body. Deploying the stop guard mside a patient’s body in this manner can prevent

madvertent withdrawal of the instrument from the body.

-10-



WO 2017/040293 PCT/US2016/049011

(004571 FIGS. 1-4 illustrate one embodiment of a surgical device or instrament including a
selectively deplovable stop guard. The device 20 can generally include an actuator 10 and an
elongate shaft 12 that can pierce tissue, pass through an incision formed n tissue, and couple to
an end effector (see FIG. 6D). The elongate shaft 12 can itself include an outer shaft 14, an inner
shaft or obturator 32, and an intermediate shaft 35, As shown in FIG. 2, the inner shaft 32 can
mclude a pointed distal tip 33 that can be configured to pierce tissue. A stop guard 50, such as
the one or more wings 50a, S0b, can be coupled to the inner shaft 32 and can be configured to
selectively deploy from the outer shaft 14 to serve as an insertion depth stop when the device 15
advanced distally, as well as a withdrawal stop when the device is retracted proxamally. By
extending the wings 50a, 50b from the outer shaft 14, the wings can contact tissue being
penetrated and a force exerted on the wings by the tissue can cause proximal retraction of the
inner shaft 32 relative to the outer shaft 14, thereby preventing over-insertion of a pointed distal
tip 33 of the inner shaft 32. Furthermore, if the stop guard 50 1s deploved 1nside a patient’s body,
for exarnple in connection with coupling an end effector (see FIG. 6D) to the device 20, the
wings 50a, 50b can prevent inadvertent withdrawal of the device from a body cavity. The wings
50a, 50b of the stop guard 50 can be selectively deployed through sidewall openings 15a, 15b
formed 1n the outer shaft 14 and the intermediate shaft 35. As shown in the figures, the stdewall
opemngs 135a, 15b can be formed opposite one another in some embodiments (in order to
correspond to the placement of the wings 50a, 50b} and can have a length that allows distal and

proximal movement of wings that are coupled to the inner shaft 32.

[0046] The actuator 10 can include a knob 36 configured to rotate the elongate shaft 12 {and its
constituent components) about a longitudinal axis z thereof, which can also result in rotation of
any end effector coupled thereto. The actuator 10 can further include a closure actuator, such as
a pivotable trigger 38, that 1s configured to move relative to the actuator 10 to actuate an end
effector {e.g., jaws) coupled to the shaft. This can be accomphlished, for example, by coupling
the pivotable trigger 38 to the intermediate shaft 35, such that movement of the pivotable trigger
can cause proximal or distal movement of the intermediate shaft 35 relative to the outer shaft 14.
Further, an inner shaft actuator 40, such as a button or a shder, can be configured to control
proximal/distal movement of the inner shaft or obturator 32 relative the outer shaft 14, The
actuator 10 can also include a lock 72 that can lock the inner shaft 32 in a distally advanced

position. The internal actuation components that accomplish the translation of motion of one
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component, e g, the pivotable trigger 38, to another, e g., the intermediate shaft 35, are known to
those skilled in the art, thus exact details about every such component is unnecessary {although
some further, non-limiting discussion of the same 1s provided below with respect to FIG 4} A
person skilled in the art will recognize that components associated with the various features of
the actuator 10 can be mechanically, electrically, and/or optically-based, and can include various

actuators, gears, levers, triggers, and sliders.

[00471 A distal end 16 of the elongate shaft 12 can mclude an attachment mechanism 18 that can
be configured to mate the outer shaft 14 and/or intermediate shaft 35 with a variety of end
effectors (e.g., see FIG. 6D). In some embodiments, for example, the outer shaft 14 and/or
mtermediate shaft 35 can form a clevis-like attachment mechanism 18 that includes opposed
arms 24a, 24b of the outer shaft 14 and/or opposed arms 25a, 25b of the intermediate shaft 35.
Fach of the arms 24a, 24b and 25a, 25b can be radially deflectable to accommodate interfacing
with a socket formed in an end effector, as explained in more detail below. Proximal or distal
movement of the inner shatt 32 can effectively lock the attachment mechanism 18 because, when
the inner shaft 32 is advanced distally (e.g., as shown in FIG. 2), it can occupy the space between
the opposed arms 24a, 24b and/or 25a, 25b, thereby preventing any inward radial deflection
thereof. Conversely, when retracted proximally {e.g., as shown in FIG. 7C), a gap 1s present
between the opposed arms 24a, 24b and/or 25a, 25b, which can allow inward radial deflection of

the arms towards one another.

[0048] FIG. 2 illustrates a detailed view of the attachment mechanism 18 located at the distal end
16 of the elongate shaft 12. The attachment mechanism 18 can include a mating feature, such as
a circumferential groove 21 located on a lateral surface of outer shaft arms 24a, 24b, that can
accommodate a corresponding feature formed oun a sidewall of an end effector. As mentioned
above, the outer shaft arms 24a, 24b can be resiliently flexable and can inchude an opening
therebetween to allow inward radial deflection towards one another. The attachment mechanism
18 can also include mtermediate shaft arms 253, 25b disposed on the distal end of the
miermediate shaft 35 and projecting distally from distal ends of the outer shaft arms 24a, 24b.
The intermediate shaft 35, including arms 25a, 25b, can be axially slidable relative to the outer
shaft 14, as described above, and can similarly be resihiently deflectable, ie., flexibly-tensioned,

medially {(t.e, radially inward} mnto a gap between the opposed arms. The intermediate shaft
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arms 25a, 25b can also include one or more mating features, such as stepped lateral notches 26a,
26b, that can be configured to seat corresponding features formed on a socket sidewall of an end
effector in order to couple the end effector to the device 20. The inner shaft 32 can be positioned
medially relative the intermediate shaft arms 235a, 25b and/or the outer shaft arms 24a, 24b, such

that the inner shaft is disposed within an 1nner lumen of the outer shaft and/or intermediate shatt.

[0049] As noted above, the inner shaft can be axially slidable relative to the arms 24a, 24b, 25a,
25b between a first position, in which the inner shatt is extended distally and medial deflection
of the arms is prevented (as shown in FIG. 2), and an unlocked position, in which the inner shaft
1s retracted proximally and medial deflection of the arms 1s pernmutted {as shown in FIG. 7C).
The inner shaft 32 and intermediate shaft arms 25a, 25b can slide independently relative to the
outer shaft 14 and s outer shaft arms 24a, 24b. Further, distal ends of the intermediate shaft
arms 25a, 25b and distal ends of the outer shaft arms 24a, 24b can include tapered distal facing
surfaces to facilitate passing through an incision and/or mating with an end effector. An end
effector can be coupled to the distal end of the device 20 in vivo or ex vivo. The end effector can
be coupled in a vaniety of ways, for example by using a loading device, as described below. In
such embodiments, the loading device can hold an end effector to be attached to the distal end of
the device. Use of such a device 1s only one possible method for associating an end effector with
the device 20, however, a number of other possible methods also exist. More information on the
workings of a mechanism similar to the attachment mechanism 18 can be found m U8, Pat. Pub.
No. 2011/0087267, entitled “Method for Exchanging End Effectors In Vivo,” which 15 hereby

incorporated by reference in is entirety.

[0050] The inner shaft 32, intermediate shaft 35, and outer shaft 14 can have a variety of shapes
and sizes and can be made from a variety of matenials, depending at least in part on the
procedure being performed, the size and type of incisions and ports being used, and the other
mstruments, devices, and end effectors with which the device 15 being used. Preferred materials
for fornung the shafts can allow the shafis to have a degree of flexibility, and can include a
vartety of materials known to a person skilled m the art. The shafts are shown as being generally
cylindrical, although 1t can take the form of a number of other shapes. Although sizes of the
shafts, such as their diameter and length, can depend on the other components with which they

are used and the procedure m which they are used, generally a diameter of the outer shaft 14 can
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be in a range of about 1 millimeter to about 10 millimeters, and in one embodiment the diameter
can be about 3 millimeters, and generally a length of the outer shaft 14 can be 1n a range of about
50 millimeters to about 300 millimeters, more specifically in a range of about 200 millimeters to
about 300 millimeters, and in one embodiment the length can be about 230 millimeters. The
sizes of the intermediate shaft 35 and inner shaft 32 can vary accordingly to interact with the

outer shaft 14 in the manner described herein.

[0051] As shown in FIG. 3, the inner shaft 32 can include a pointed distal tip 33. The inner shaft
2 can be used to form punctures in tissue and can further be used to lock an end effector onto
the distal end of the device 20. The inner shaft 32 can also have a stop guard 50 coupled thereto.
The stop guard 50 can allow the pointed tip 33 to puncture tissue but prevent the pointed tip of
the inner shaft 32 from advancing distally beyond a desired amount, which could possibly cause
unintended damage to surrounding tissue. The stop guard 50 can have a variety of
configurations and, in some embodiments, can include at least one retractable wing configured to
both extend radially outward through a sidewall opening of the outer shaft and/or intermediate
shaft and retract radially inward towards the inner shaft such that the retractable wing 1s disposed
within a diameter of the outer shaft. In one embodiment, the stop guard 50 can include two
retractable wings 30a, 50b. The wings 50a, SOb can be disposed on opposite sides of the inner
shaft 32 from one another. The wings 50a, 50b of the stop guard 50 can be configured to extend
radially outward through sidewall operungs 135a, 15b of the outer shaft (see FIG. SC). The stop
guard 50 can have a fully retracted position in which an outer-most radius of the stop guard 50 18

greater than a radius of the intermediate shatt 35 but less than a radius of the outer shaft 14,

[0052] In one embodiment, the stop guard 50 can be sloped, forming an acute angle with a
longitudinal axas y of the mnner shaft 32 in a distal-facing direction. The wings 50a, 50b can have
a sloped external or proximal-facing surface 52a, 52b that forms an acute angle with the
longitudinal axis y of the shaft 32 when viewed from the distal end of the shaft. Further, the
wings S0a, 50b can include a distal facing surface 53a, 53b that can make contact with an
external object, such as a tissue surface being penetrated, when the mner shaft 32 1s advanced
distally. The stop guard 50 can be coupled to the inner shaft 32 at a particular distance from the

pointed distal tip 33, In one embodiment, the stop guard 50 can be positioned at a distance from

-14-



WO 2017/040293 PCT/US2016/049011

the distal tip 33 that 1s approximately equal to the thickness of the tissue to be pierced {e.g., the

thickness of the abdominal wall}).

(00537 FIG. 4 illustrates one embodiment of the actuator 10 that can be used with the instrument
20. The actuator 10 can nclude a base 31 and a knob 36, The knob 36 can rotate the attachment
mechanmism 18 disposed at the distal end 16 of the elongate shaft 12 about a longitudinal axis z of
the elongate shaft 12, which, in turn, can rotate an attached end effector (not shown}. The trigger
38 can pivot relative to the base 31 to cause axial movement of the intermediate shaft 35 relative
to the outer shaft 14. In one embodiment, this movement can be transferred into the end effector
to control opening and closing of jaws of an attached end effector (not shown}. In other
embodiments, however, this movement can be transferred into other actuation of an end effector
{e.g., in cases where the end effector does not include movable jaws). A button 40, or other
actuating mechanism, can control axial movement of the inner shaft 32 relative to the outer shaft
14 and intermediate shaft 35, For example, depressing the button 40 relative to the base 31 can
advance the mner shaft 32 distally to the position shown 1in FIG. 2, which can also result in the
wings 30a, 50b of the stop guard 50 being extended radially outward through the sidewall
opentngs 15a, 15b. Conversely, releasing the button 40 can retract the inner shatt 32 proximally
to the position shown 1n FIG. 7C, which can also result in the wings 50a, S0b of the stop guard
50 being retracted radially inward into the outer shaft 14, The lock 72 can include a button that,
when depressed towards the base 31, can maintain the inner shaft 32 i a distally extended and
iocked position where the wings are radially extended outward from the outer shaft 14, An
additional button 60 can release the elongate shaft 12 from the actuator 10 so that its various
components {e.g., outer shaft 14, inner shaft 32, intermediate shaft 35) can be removed, replaced,
cleaned, etc. Further information on the actuator 10 can be found in U.S. Application No.
14/836069 {Atty. Dkt No. 100873-716 (END7718USNP}), filed on August 26, 2015, and
entitled “Surgical Device Having Actuator Biasing and Locking Features,” which 1s hereby

meorporated by reference in its entirety.

[0054] FIGS. SA-5C illustrate an exemplary method for piercing tissue using a device including
a stop guard. The method can include advancing the ponted distal tip 33 of the inner shaft 32,
when in the configuration shown 1in FIG. 2, distally into tissue to pierce it. When the inner shaft

32 1s advanced distally, the arms 25a, 25b, 24a, 24b can be locked against radially-mward
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movement and the wings 50a, 50b can be extended radially outward and advanced distally within
the sidewali openings 153, 15b. The wings 50a, 50b can be configured to move between a first
position shown m FIG. SA, in which the wings 50a, 50b extend through the sidewall openings
15a, 15b and the pointed distal end 33 of the inner shaft 32 extends distally beyond a distal end
of the outer shaft 14, and a second position shown in FIG. 5B, in which the wings 50a, 50b are
retracted towards the inner shaft 32, As the device 20 1s advanced into tissue by a user, the
wings 50a, 50b can contact external tissue 100 with the distal facing surfaces 53a, 53b, as shown
m FIG. SA. Force imparted onto the wings 50a, 50b from the external tissue 100 can cause the
pointed distal end 33 of the mnner shaft 32 to be retracted proximally. This proximal retraction
can move the pointed distal end 33 towards a distal end of the intermediate shaft 35 and/or outer
shaft 14. In some embodiments, the distal end 33 can be retracted proximally, such that it 13
disposed within the inner lumen of the mtermediate shaft 35, as shown in FIG. 5B.

Alternatively, or additionally, the distal end 33 can be retracted such that it is disposed within the
inner lumen of the outer shaft 14, The proximal moverment of the inner shaft 32 also moves the
wings 30a, 50b proximally 1n the slots 15a, 15b. When the wings 50a, 50b reach the proximal
end of the slots 15a, 15b, they can retract radially inward, as shown in FIGS. 3B and 5C. In
some embodiments, when the wings 50a, S0b retract radially mward, a radius of the stop guard
50 can be less than a radius of the outer shaft 14 and greater than a radius of the mtermediate

shaft 35, as shown m FIG. 5C.

[0055] Once the distal tip 33 of the nmer shaft 32 1s retracted proximally into the inner lumen of
the intermediate shaft 35 and/or outer shaft 14, the device 20 can be further advanced distally
mto tissue. In some embodiments, the device 20 can be advanced far enough mnto a patient’s
body that the sidewall openings 15a, 15b, from which the stop guard 50 extends, are positioned
within the patient’s body distally of the punctured tissue. Note that there is no resistance to
advancing the device in this manner because the stop guard 50 1s i a retracted configuration n
which the wings 50a, S0b or other structures of the stop guard 50 are contained within the outer

shaft 14.

[0056] Once positioned within a patient’s body, an end effector can be coupled to a distal end of
the device 20. To attach an end effector to the distal end of the device 20, the tnner shaft 32 can

first be retracted, as shown in FIG. 5C, if 1t 18 not already n this position (as noted above).
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Moving the inner shaft 32 cut of the gap between the outer shaft arms 24a, 24b and/or
mtermediate shaft arms 25a, 25b can allow the arms to deflect radially inward as the clevis-like
attachment mechanism 18 of the device 20 is nserted into a socket formed 1n an end effector.
After the end effector is positioned correctly with respect to the attachment mechanism 18, the
mner shaft 32 can be advanced distally to prevent radially-inward deflection of the outer shaft
arms 24a, 24b and/or the intermediate shaft arms 25a, 25b, such that the end effector cannot be
separated from the attachment mechanism 18, Distal advancement of the inner shaft 32 can also
cause the wings S0a, 50b of the stop guard 50 to advance distally and extend radially outward
from the sidewall openings 15a, 15b. In this configuration, wherein the stop guard wings S0a,
50b are deployed mside a patient’s body, the stop guard 50 can prevent inadvertent withdrawal
of the device 20 but providing resistance to removal once the stop guard wings contact the
punctured tissue. Unlike when advancing the device 20 distally through tissue, however, the
sloped configuration of the wings 50a, 50b can allow for removal of the device 20 f necessary
{e.g.. man emergency). In one embodiment, for example, about 4 1bs of resistive force are
provided against withdrawal of the device 20 from the body by the sloped surfaces 52a, 52b of
the wings 50a, 30b. This s in comparison to, for example, about 1 1b of force that is required for

a similar instrument without a stop guard 50.

[0057] In embodiments 1n which the end effector 1s attached in vivo, the end effector can be
mntroduced into the body using a loading device that 1s introduced through a trocar or other
suitably sized opening or port. Once a procedure 1s complete, the end effector can be recaptured
by the loading device and decoupled from the device 20 by retracting the inner shaft 32
proximally to free the clevis-like attachment mechanism 18 to deflect radially mward and release
the end effector. Proximally retracting the inner shaft 32 can also retract the stop guard wings
50a, 50b radially inward within the outer shaft 14, thereby allowing the device 20 to be removed
from the patient’s body without experiencing increased levels of resistance from the stop guard

50.

[0058] FIG. 0A illustrates one exemplary embodiment of the method described generally above.
As shown in FIG. 64, a puncture 101 can be created 1n an abdominal wall 100 asing the device
20. More particularly, the puncture 101 can be created using the pointed distal tip 33 of the nner

shaft 32 of the mstrument 20 by passing the inner shaft distally through the fumen of the outer
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shatt 14 and/or intermediate shaft 35 until it is extended distally beyond the distal end of the
outer shaft and/or intermediate shaft. When the inner shaft 32 1s advanced distally to puncture
tissue, a stop guard 50 can extend radially outward from the outer shaft 14 and can contact the
tissue 100. Force exerted on the stop guard 50 by the tissue 100 can cause the mnner shaft 32 to
retract proximally such that a distal end of the inner shaft 32 15 disposed within an inner lumen of
the intermediate shaft 35 and/or outer shaft 14 (as discussed above with respect to FIGS. 5A-5C).
This retraction can also cause the stop guard 50 to retract radially inward into the inner lumen of
the outer shaft 14. In this configuration, the device 20 can be further advanced through the
abdominal wall 100 to the position shown in FIG. 6A. No resistance 1s encountered due to the
stop guard because 1t 18 in a retracted configuration that does not extend from the outer shaft 14,
Further, the attachment mechanism 18 is in a configuration that is ready to accept any of a
variety of end effectors for coupling thereto. Finally, as shown the distal end of the device 20
and the elongate shaft 12 can pass through the abdominal wall 100 without utilizing a trocar or
other access port, as the resilient abdominal wall 100 can seal directly against the shaft 12 to

maintain pneumoperitoneum during a procedure.

[0059] In the embodiment illustrated in FIG. GA, the end effector 105 15 mserted into the
abdominal cavity using a loading device 200. The loading device 200 can be mnserted into the
patient’s body in a variety of manners, but typically an incision 103 can be created in a patient’s
body and a trocar can be positioned within the incision to allow the loader 200 to pass into the
abdominal cavity. The end effector 105 can be attached to the 1nstrument 20 1n a number of
different ways etther outside or mside of a subject’s body. For example, 1 some embodiments a
distal end of the device 20 can be inserted through a trocar such that it exits the patient’s body,
and the end effector can be attached thereto before the device 20 1s pulled back through the
trocar into the abdominal cavity. In other embodiments, however, the end effector 105 can be
configured to be attached {0 the device 20 within a patient’s body or iz vive, e.g., within a body

cavity such as the abdominal cavity, and to be removed and replaced within the patient’s body.

[0060] The type of end effector that can be employed 15 not particularty limited. In general, end
effectors can include jaws or they can be non-jawed end effectors. A vaniety of different end
effectors 105 can be atlached and detached from the instrument 20, Tn some embodiments, the

mstrument 20 can be operated by the actuator 10 to cause the end effector 105 to grasp tissue or

-18-



WO 2017/040293 PCT/US2016/049011

lock its jaws. In other embodiments, operation of the actuator 10 can cause the end effector to

perform other tasks, such as cutting, energy delivery, etc.

[0061] As shown mn FIG. 6B, the end effector 105 can be loaded onto the device 20 using a
loading device 200. To load the end effector 105 onto the device 20, the end effector can be
aligned with a fongitudinal axis of the elongate shaft 12 (1.e., longitudinal axis z}. Further, the
mner shaft 32 can be retracted proximally (if not already in such a configuration) to ensure that

the intermediate shaft arms 25a, 25b and outer shaft arms 24a, 24b can deflect radially inward.

[0062] In such a configuration, the device 20 can be advanced distally such that the attachment
mechanism I8 (including the intermediate shaft arms 25a, 25b and outer shaft arms 24a, 24b} are
mserted into a mating socket formed 1n the end effecior 105, Ridges or annular protrusions
formed on the mating socket sidewalls can slide over the attachment mechanism 18, deflecting
the imtermediate shaft arms 25a, 25b and outer shaft arms 24a, 24b radially inward until such
ridges or protrusions are seated within grooves or notches 21, 26a, 26b formed in the arms 24a,
24b, 25a, 25b. A user can experience tactile or audible feedback when the correct position is
reached. In this configuration, the end effector 105 is coupled to the device 20, but can be pulled
free in the same manner it was atiached due to the deflection of the arms 24a, 24b, 25a, 25b. To
lock the end effector 105 onto the device 20, the inner shaft 32 can be advanced distally such that
the mner shaft 32 fills the gap between the arms 24a, 24b, 25a, 25b and prevents any radial
inward deflection thereof. Note that thus distal advancement of the inner shaft 32 can also cause
the stop guard 50 to be advanced distally and extended radially outward from the outer shaft 14,
thereby providing a stop to prevent inadvertent withdrawal of the device while coupled to an end
effector. A surgeon or other user can then draw the device 20 away from the loading device 200,
as shown in FIG. 6D, and carry out the surgical procedure using the actuator 10 to effect

movement of the end effector jaws or other tool.

[0063] After the function of the end effector 105 s performed, the instrument 20 can be detached
from the end effector 105 and removed from the surgical site using the reverse of the procedure
detailed above. For example, the mner shaft 32 can be retracted proximally to allow the end
effector 105 to be pulled away from the device 20 using the loading device 200. Moreover,

when the mnner shaft 32 1s retracted proximally to allow decoupling of the end effector 105, the
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stop guard S0 can be retracted radially inward into the outer shaft 14, This can allow the
mstrument 20 to be removed from the tissue through the puncture 101 without experiencing
resistance from the stop guard S0, The loading device 200 can subsequently be reattached to the
end effector 105 to remove it from the patient’s body through the trocar or other port used to
miroduce the loading device into the patient’s body. If further procedures are necessary, a new
or different end effector can be attached to the loading device 200 and coupled to the device 20
in the manner described above, or the device can be removed from the patient’s body if the

procedure s concluded.

[0064] In addition to the stop guard 50 described above, other features can also be included in
surgical devices to further protect tissue and prevent inadvertent withdrawal of the device from
the patient’s body. For example, in the embodiment shown in FIGS. 7A-7D, a wound protector
300 can be included on the instrument 20'. The wound protector 300 can prevent damage to
punctured tissue and can mimimize friction and drag forces on the instrument when 1t 1s moved
proximally and distally m tissue. In other words, the wound protector 300 can act similar to a
trocar, which maintains an opening formed in tissue and allows other instruments to be passed
through the tissue.  As shown in the figures, the wound protector 300 can be a cylindrical sleeve
shidably disposed over the outer shaft 14" The wound protector 300 can be smooth or ridged on
an exterior surface thereof Ridges 301 on the exterior surface of the wound protector 300 can
allow the wound protector 300 to better engage with tissue and prevent movement of the wound

protector relative to the punctured tissue,

[0065] The wound protector 300 can also function to prevent madvertent withdrawal of the
mstrument 20' from the patient’s body. For example, the wound protector 300 can be configured
such that it binds against a distal end of the outer shaft 14’ In such an embodiment, a user
withdrawing the instrument 20" proximally from the configuration shown in FIG. 7B would
experience substantially no friction until the wound protector 300 reached the position shown
FI(G. 7A. At that point, the wound protector 300 can stop shiding over the outer shaft 14", which
can result in the user having to overcome increased resistance to further proximal withdrawal.
This 18 because the wound protector does not move relative to the tissue nearly as eastly as it
moves over the outer shaft 14°) especially if ridges 301 or other gripping features are employed

on an outer surface of the wound protector 300.
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[0066] In some embodiments, the wound protector 300 can include an annular ridge or
protrusion 303 formed on an inner sidewall thereof near its distal end. This annular ridge or
protrusion 303 can be configured to be seated within the circumferential groove 21' of the outer
shaft 14' when the wound protector 300 is at a distal-most position relative to the outer shaft, as
shown in FIGS. 7C and 7D The mating of the protrusion 303 and groove 21' can serve to define
the distal-most position of the wound protector 300 that helps prevent madvertent withdrawal of

the device 20.

[0067] Positioning the wound protector at the distal position shown in FIGS. 7C and 7D can also
help to protect the clevis-like attachment mechanism 18’ disposed at the distal end of the device
20'. It should be appreciated that, at certain sizes, the opposed intermediate shaft arms 25a’, 25b'
and outer shaft arms 24a’', 24b' can be quite small and thin. There 15 a risk that these arms can
become permanently bent or otherwise deformed if, for example, an end effector 105 is not
correctly aligned during coupling (e.g., if only one of the arms 25a', 25b' enters the mating socket
of the end effector while the other arm remains outside the socket, the arms can be bent away
from ove avother). It is also possible that tissue or other nearby structures can catch one of the
arms 24a’, 24b', 25a’, 25b' during insertion and/or withdrawal of the nstrument. Placing the
wound protector 300 in the position shown in FIG. 7C and 7D can provide a sheath around the

arms that reinforces them and prevents excessive outward radial deflection.

[0068] The wound protector 300 1s not the only way in which support for the clevis-like
attachment mechanism and its arms can be provided. FIG. 8, for example, illustrates another
ernbodiment in which the arms are protected using a spring clip 350 disposed around a distal
portion of the device. The spring clip 350, such as a ¢-shaped snap ring, can engage the arms
24a, 24b of the outer shaft 14 to provide support and prevent bending or damage to the arms 24a,
24b, 25a, 25b. The spring clip 350 can be made of matenial that is less flexible than the material
of the arms, but can also be biased to tension the arms 24a, 24b, 25a, 25b while still allowing the

above-described functionality .

[0069] In still other embodiments, additional features can be provided to prevent madvertent
withdrawal of a device duning use. For example, in some embodiments an end effector can

mclude a flared proximal-facing {when coupled to the mstrument, e.g., as shown n FIG. 6D3)
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profile that can provide increasing resistance to removal similar to the sloped stop guard wings
50a, 50b. Smmilar to the sloped wings, a flared shape would prevent inadvertent withdrawal of
the instrument, while still allowing for removal if needed {e.g., in an emergency). In other
embodiments, a luer fitting can be included on the elongate shaft 12 and/or an end effector 105 to
provide a similar flared shape that can prevent inadvertent withdrawal of the device during use.
By way of example, a luer fitting having an inner diameter that matches a diameter of the shaft
12 can be slid over the shaft with its taper facing proximally to provide a slidable stop that can

prevent inadvertent extraction of the shaft 12 from the abdomen or other surgical site.

[0070] Any of the components and devices known in the art and/or described herein can be
provided as part of a kit including an elongate shaft and a plurality of end effectors each
configured to be removably and replaceably mated to a distal end of the surgical instrument’s
elongate shaft, as discussed above. The kit can include one or more percutaneous instruments
having a handle and a shaft, one or more end effectors, and one or more obturators to selectively
lock and unlock end effector(s) from the instrument{s). The end effectors provided in the kit can
perform different functions, mcluding but not limited to the functions described herein, and/or
can be included together 1n a single kit to perform a particular function, such as a kit specifically
tatlored for stretching and stapling tissue. Further, one or more trocars, ports, loaders, and
viewing instruments, such as endoscopes or cameras, can be provided to assist i introducing the

mstruments and end effectors to the surgical site.

[0071] 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 etther case, however, the device can be
reconditioned for reuse after at least one use. Reconditioning can include any combination of the
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 sumber of the
particular pieces or parts of the device can be selectively replaced or removed i any
combination. Upon cleaning and/or replacement of particular parts, the device can be
reassembled for subsequent use either at a reconditioning facihity, 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 varniety of techniques for disassembly,
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cleaning/replacement, and reassembly. Use of such techniques, and the resulting reconditioned

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

[0072] The devices described herein can be processed before use in a surgical procedure. First, a
new or used instrument can be obtained and, if necessary, cleaned. The instrument can then be
sterthized. In one sterilization technique, the instrument can be placed in a closed and sealed
container, such as a plastic or TYVEK bag. The container and 1ts contents can then be placed in
a field of radiation that can penetrate the container, such as gamma radiation, x-rays, or high-
energy electrons. The radiation can kill bacteria on the instrument and in the container. The
steridized instrument can then be stored in the sterile container. The sealed container can keep
the instrument sterile until 1t is opened in the medical facility. Other forms of sterilization
known in the art are also possible. This can include beta or other forms of radiation, ethylene
oxide, steam, or a liquid bath (e.g., cold soak) Certain forms of steritlization may be better suited
to use with different portions of the device due to the materials utilized, the presence of electrical

components, ete.

[0073] One skilled in the art will appreciate further features and advantages of the mvention
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. Al
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 istrument, comprising:

an outer shaft having an inner lumen and at least one sidewall opening formed therein;

an inner shaft disposed within the inner lumen of the outer shaft and configured to
translate relative to the outer shaft along a longitudinal axis thereof, the inner shaft including a
distal end configured to puncture tissue; and

a stop guard coupled to the mner shaft, the stop guard having at least one retractable wing
configured to both extend radially outward through the at least one sidewall opening of the outer
shaft and retract radially inward towards the inner shaft such that the retractable wing s disposed
within a diameter of the outer shaft,

wherein, when the at least one retractable wing is extending radially outward through the
at least one sidewall opening of the outer shaft, the at least one retractable wing s configured to
retract radially inward towards the inner shaft in response to the at least one retractable wing
conung into contact with an external object as the instrument s advanced distally into tissue, the
radially inward retraction of the at least one retractable wing resulting in the distal end of the

inner shaft retracting proximally towards the distal end of the outer shaft.

2. The instrument of claim 1, wherein, upon contact with an external object by the at least
one retractable wing, the distal end of the inner shaft retracts proximally towards the distal end of
the outer shaft such that the distal end of the inner shaft is disposed within the inner lumen of the

outer shaft

3. The instrument of claim 1, further comprising an intermediate shaft having an inner
fumen and at least one sidewall opening formed therein, the intermediate shaft being disposed
between the outer shaft and the inner shaft and configured to translate relative to the outer shaft
along a longitudinal axis thereof, the mntermediate shaft being further configured to translate to a
position at which the at least one sidewall opening of the intermediate shaft 1s aligned along at
least a portion of its length with the at least one sidewall opening of the outer shaft and a distal

end of the intermediate shaft extends distally beyond the distal end of the outer shaft.

4. The instrument of claim 3, wherein, upon contact with an external object by the at least

one retractable wing, the distal end of the inner shaft retracts proximally towards the distal end of
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the intermediate shaft such that the distal end of the nner shaft is disposed within the mner

lumen of the imntermediate shaft.

5. The instrument of claim 3, wherein each of the intermediate and outer shafts further

comprises first and second deflectable arms.

6. The instrument of claim 5, further comprising an end effector configured to be coupled to
at least one of the distal end of the intermediate shaft and the distal end of the outer shaft by the
mner shatt extending the first and second deflectable arms of the intermediate shaft radially

outward towards sidewalls of the end effector.

Ay
I
i

The instrument of claim 6, wherein the at least one retractable wing of the stop guard 15
configured to extend radially outward through the at least one sidewall opening of the outer shaft
when the end effector is coupled to at least one of the distal end of the intermediate shaft and the

distal end of the outer shaft.

8. The instrument of claim 3, wherein the stop guard has a fully retracted position in which
an outer-most radius of the stop guard 1s greater than a radius of the intermediate shaft but less

than a radius of the outer shatt.

9. The mstrument of claim I, wherem the at least one retractable wing of the stop guard
comprises a first retractable wing and a second retractable wing, the first and second retractable
wings being configured to extend radially outward through first and second sidewall openings of
the at least one sidewall opening of the outer shaft, respectively, and retract radially inward
towards the inner shaft such that the first and second retractable wings are disposed withina

diameter of the outer shaft.

10. The instrument of claim 9, wherein the first and second retractable wings are disposed on

opposite sides of the inner shaft from one another.

[ A surgical istrument, comprising:
an outer shaft having an inner lumen and at an least one sidewall opening formed therein;
an inner shaft disposed within the inner lumen of the outer shaft and configured to

translate relative to the outer shaft along a longitudinal axis thereof, the inner shaft including a
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distal end configured to puncture tissue; and
a stop guard coupled to the inner shaft, the stop guard being configured to proximally
retract the mnner shaft upon contact with tissue such that the distal end of the inner shaft is

contained within the inner lumen of the outer shaft.

12. The instrument of claim 11, wherein the stop guard is configured to move between a first
position, in which the stop guard extends through the at least one sidewall opening when the
distal end of the inner shaft extends distally beyond a distal end of the outer shaft, and a second
position, in which the stop guard is retracted towards the inner shaft such that a radius of the stop
guard is less than a radius of the outer shaft when the distal end of the outer shaft is disposed

within the inner lumen of the cuter shaft.

13. The instrument of claim 12, further comprising an intermediate shaft having an inner
fumen and at least one sidewall opening formed therein, the intermediate shaft being disposed
between the outer shaft and the mner shaft and configured to translate relative to the outer shaft
along a longitudinal axis thereof, the intermediate shaft further being configured to translate to a
position at which the at least one sidewall opening of the intermediate shaft is aligned along at
least a portion of its length with the at least one sidewall opening of the outer shaft and a distal

end of the intermediate shaft extends distally beyond the distal end of the outer shaft.

14. The instrument of claim 13, wherein each of the intermediate and outer shafts further

comprise first and second deflectable arms.

1. The instrument of claim 14, wherein the stop guard 1s configured to move to a third
position, in which the stop guard extends through the at least one sidewall opening of both the
mtermediate shaft and the outer shaft, and the distal end of the inner shaft 1s disposed at or distal
of the distal end of the intermediate shaft to cause the first and second deflectable arms of the
mtermediate shaft to extend radially outward towards sidewalls of an end effector to couple the

end effector to at least one of the mtermediate shaft and the outer shaft.

16. A method for puncturing tissue, comprising;
passing an inner shaft of an instrument distally through a lumen of an outer shaft of the

mstrument such that a distal end of the inner shaft extends beyond a distal end of the outer shaft
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and a stop guard coupled to the inner shaft extends radially outward of the ocuter shaft;
forming a puncture in tissue by advancing a distal end of the mner shaft into tissue; and
advancing the instrument through the puncture until the stop guard coupled to the inner
shaft and extending radially outward of the outer shaft contacts the tissue in which the puncture
was formed, thereby causing the stop guard to retract radially inward toward the imner shaft and

the distal end of the inner shaft to retract proximally toward the distal end of the outer shaft.

17. The method of claim 16, wherein the distal end of the inner shaft retracts proximally into
the lumen of the outer shaft in response to the stop guard retracting radially inward toward the

inner shaft.

18 The method of claim 16, further comprising:

advancing the mstrument through the puncture when the stop guard 1s retracted radially
mward such that the stop guard passes through the puncture;

coupling an end effector to the outer shaft by advancing the distal end of the inner shaft
distally through the lumen of the outer shaft such that the stop guard moves from its retracted

radially inward posttion to extending radially outward of the outer shaft.

19. The method of claim 16,

wherein an intermediate shaft having an inner lumen 1s disposed between the outer shaft
and the mner shaft and is positioned such that a distal end of the intermediate shaft extends
distally beyond the distal end of the outer shaft, and

wherein passing the inner shaft of the mstrument distally through the lumen of the outer
shaft further comprises passing the mner shatt distally such that the distal end of the inner shaft

extends beyond a distal end of the intermediate shaft.

20. The method of claim 19, further comprising:

advancing the instrument through the puncture when the stop guard is retracted radially
inward such that the stop guard passes through the puncture;

coupling an end etfector to at least one of the intermediate shaft and the outer shaft by
advancing the distal end of the inner shaft distally through the lumen of the mtermediate shaft
such that the stop guard moves from its retracted radially 1nward position to extending radially

outward of the intermediate shaft.



WO 2017/040293 PCT/US2016/049011

1710




WO 2017/040293 PCT/US2016/049011

2110

s

) 25b 26b




WO 2017/040293 PCT/US2016/049011

310




WO 2017/040293 PCT/US2016/049011

4/10




PCT/US2016/049011

WO 2017/040293

5/10




WO 2017/040293 PCT/US2016/049011

6/10

v

IS paa
7
g
--‘“"'——___b
7




PCT/US2016/049011

WO 2017/040293

7110




WO 2017/040293 PCT/US2016/049011

810




WO 2017/040293 PCT/US2016/049011

510




PCT/US2016/049011

WO 2017/040293

10/10




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/049011
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B17/29 A61B90/00
ADD.

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

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2015/142049 Al (DELGADO SERGIO [US] ET
AL) 21 May 2015 (2015-05-21)

abstract; figures
16-20,68-74,144-146,150-165

A US 2011/276057 Al (CONLON SEAN P [US] ET
AL) 10 November 2011 (2011-11-10)
abstract; figures 1-16

paragraphs [0006] - [0014]

A US 2005/070758 Al (WELLS BRIAN KEITH [US]
ET AL) 31 March 2005 (2005-03-31)

the whole document

1,11

1-15

1,11

A WO 2015/047886 Al (TELEFLEX MEDICAL INC
[US]) 2 April 2015 (2015-04-02)
abstract; figures 1-8

1,11

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

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

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"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

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

10 October 2016

Date of mailing of the international search report

17/10/2016

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

Moualed, Laura

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/049011
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 20117160538 Al (RAVIKUMAR SUNDARAM [US] 1-15
ET AL) 30 June 2011 (2011-06-30)
the whole document
A US 2010/298774 Al (1GOV IGOR [IL]) 1-11

25 November 2010 (2010-11-25)
abstract; figure 12

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

page 2 of 2



International application No.
INTERNATIONAL SEARCH REPORT PCT/US2016/043011
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:

see FURTHER INFORMATION sheet PCT/ISA/210

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 Application No. PCT/ US2016/ 049011

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 16-20

Re Item III.

Non-establishment of opinion with regard to novelty, inventive step and
industrial applicability Pursuant to Article 17(2)(a)(i) and Rule 39.1
(iv) PCT, the subject matter of claims 16 to 20 has not been searched,
since it is directed to a method for treatment of the human body by
surgery (step of forming a puncture in tissue). Thus, no examination is
carried out claims 16-20 (Article 34(4)(a)(i) and Rule 67.1(iv) PCT).




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/049011
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015142049 Al 21-05-2015 (N 105873523 A 17-08-2016
EP 3071118 Al 28-09-2016
US 2015142049 Al 21-05-2015
WO 2015077610 Al 28-05-2015
US 2011276057 Al 10-11-2011 US 2011276057 Al 10-11-2011
US 2014039518 Al 06-02-2014
WO 2011140436 Al 10-11-2011
US 2005070758 Al 31-03-2005 EP 2380509 A2 26-10-2011
US 2005070758 Al 31-03-2005
US 2009138028 Al 28-05-2009
US 2012071898 Al 22-03-2012
US 2015173768 Al 25-06-2015
WO 2015047886 Al 02-04-2015 AU 2014327152 Al 21-04-2016
CA 2924097 Al 02-04-2015
KR 20160088860 A 26-07-2016
US 2016228148 Al 11-08-2016
WO 2015047886 Al 02-04-2015
US 2011160538 Al 30-06-2011 EP 2519167 Al 07-11-2012
US 2011160538 Al 30-06-2011
WO 2011081702 Al 07-07-2011
US 2010298774 Al 25-11-2010 US 2010298774 Al 25-11-2010
US 2016045217 Al 18-02-2016

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 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

