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ARTICULABLE ENDOSCOPIC INSTRUMENTS

Cross-Reference to Related Applications
This application claims priority to co-pending U.S. Provisional Application
Serial Number 62/308,786, filed Mary 15, 2016, and co-pending U.S. Provisional
Application Serial Number 62/463,351, filed February 24, 2017, which are hereby

incorporated by reference herein in their entireties.

Background

Surgical endoscopy is a form of minimally invasive surgery that uses natural
orifices to conduct therapeutic interventions, such as removal of benign and early
malignant lesions in the gastrointestinal tract. Endoscopes comprise working
channels, typically ranging from 2.8 mm to 6 mm in diameter, that enable the
surgeon to access the surgical site within the body with endoscopic instruments
designed to pass through the channels. Endoscopes often comprise two or more
such channels so as to enable multiple endoscopic instruments to be used at the
same time.

Although endoscopy provides many benefits, such as shortened hospital
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stays, reduced patient discomfort, and decreased overall healthcare costs, it also
suffers from several challenges. One of the most significant of these challenges is
the difficulty in achieving triangulation. In mathematics, triangulation is the process of
identifying the location of a target point by forming triangles to the point from known
locations. In endoscopy, triangulation refers to the process of identifying and
accessing target tissue for the purpose of applying traction and counter-traction to
the tissue to create a dissection plane in which an incision can be made.
Unfortunately, it is difficult to achieve triangulation with most endoscopic instruments
because they cannot be independently articulated. Instead, they typically can only be
linearly extended from the endoscope and indirectly articulated by articulating the
endoscope. As a result, the surgeon must manipulate the endoscope instead of the
endoscopic instruments to create an appropriate dissection plane. This typically
interferes with visualization of the dissection plane and, therefore, makes it more
difficult for perform the surgical procedure.

From the above discussion, it can be appreciated that it would be desirable to
have articulable endoscopic instruments that can be passed through the working

channels of an endoscope and used to triangulate on target tissue.

Brief Description of the Drawings
The present disclosure may be better understood with reference to the
following figures. Matching reference numerals designate corresponding parts
throughout the figures, which are not necessarily drawn to scale.
Fig. 1 is a side view of an embodiment of an articulable endoscopic
instrument that can be used in conjunction with an endoscope.

Fig. 2 is a perspective view of an embodiment of an articulable retractor of the

2
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instrument of claim 1.

Fig. 3 is a perspective view of an embodiment of an end effector mounted to
the retractor of Fig. 2.

Fig. 4 is a cross-sectional side view of an embodiment of a distal articulable
joint of the retractor of Fig. 2 to which the end effector of Fig. 3 mounts.

Fig. 5 is a distal perspective view of an embodiment of a medial articulable
joint of the retractor of FIG. 2.

Fig. 6 is a proximal perspective view of the articulable joint of Fig. 5.

Fig. 7 is a partial perspective view of an embodiment of a tube shown in Fig. 1
that connects the retractor to the handle.

Fig. 8 is cross-sectional side view of an embodiment of the handle shown in
Fig. 1.

Fig. 9 is a cross-sectional perspective view of the handle of Fig. 8.

Detailed Description

As described above, it would be desirable to have articulable endoscopic
instruments that can be passed through the working channels of an endoscope and
used to triangulate on target tissue. Disclosed herein are examples of such
instruments. In some embodiments, an articulable endoscopic instrument comprises
an articulable retractor that can be controlled using a handle to which the retractor is
mounted. Mounted to a distal end of the retractor is an end effector that can be used
to perform a particular action on target tissue accessed with the endoscope. The
handle is designed so as to be usable with one hand to both articulate the retractor
and actuate the end effector. In some embodiments, the orientations of the retractor

and the end effector can be locked using controls of the handle.

3
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In the following disclosure, various specific embodiments are described. It is
to be understood that those embodiments are example implementations of the
disclosed inventions and that alternative embodiments are possible. All such
embodiments are intended to fall within the scope of this disclosure.

Fig. 1 illustrates an articulable instrument 10 that can be used in conjunction
with an endoscope having one or more working channels. As shown in Fig. 1, the
instrument 10 generally comprises an articulable retractor 12 that is configured to be
passed through an endoscope working channel and a handle 14 to which the
retractor is mounted and that can be used to control operation of the retractor.
Mounted to the distal end of the retractor 12 is an end effector 16 that can be used to
perform a particular action on a target tissue accessed using the endoscope.

In the illustrated embodiment, the handle 14 comprises an elongated
cylindrical housing 18 that can be held in and controlled with one hand to enable
single-handed operation of the instrument 10. The handle 14 comprises a grip 20
located at a proximal end of the housing 18 and multiple controls distal of the grip
that extend from the housing. These controls include thumb slides 22 (only the left-
side thumb switch which being visible in Fig. 1) that can be used to articulate (i.e.,
bend) the retractor 12 and a finger trigger 24 that can be used to actuate the end
effector 16. Each of these controls connect to internal control wires that link the
controls to the controlled components. The controls of the handle 14 further include
locking elements in the form of a thumb slide locking element 26 that can be used to
lock the position of the thumb slide 22 and, therefore, the orientation of the retractor
12, and a finger trigger locking element 28 that can be used to lock the position of
the finger trigger 24 and, therefore, the orientation of the end effector 16. Operation

of these controls is described below in relation to Figs. 3, 4, 8, and 9.

4
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Connecting the retractor 12 and the handle 14 is an elongated tube 29 that
can also pass through the endoscope working channel. The internal control wires
that are used to control the retractor 12 and its end effector 16 pass through this tube
16. An embodiment for the tube 29 is described in relation to Fig. 7. By way of
example, the tube 29 can have an outer diameter, or other maximum cross-sectional
dimension, of no more than approximately 6 mm. In some embodiments, the tube 29
has an outer diameter, or other maximum cross-sectional dimension, of less than
approximately 3 mm.

Fig. 2 illustrates the articulable retractor 12, which can be made of a suitable,
biocompatible material, such as stainless steel. As shown in this figure, the retractor
12 comprises an elongated shaft that is comprised by multiple medial articulable
links 30, which are described below in relation to Figs. 5 and 6. As is apparent from
Fig. 2, the retractor 12 is capable of forming two distinct bends (i.e., a compound
curve) both within the same plane. Each bend can be made using one of two internal
control wires that are used to articulate the retractor 12. In some embodiments, each
of the bend can form a full 90-degree bend that extend in opposite directions so as to
form the S-shaped complex curve shown in Fig. 2.

Also shown in Fig. 2 is the end effector 16, which connects to the retractor 12
with a distal articulable link 32, which is described below in relation to Fig. 4. In the
illustrated embodiment, the end effector 16 comprises a grasper having two opposed
jaw elements 34 and 36. The jaw elements 34, 36 include intermeshing teeth 38 and
are pivotally connected to each other at a pivot point with a pin 40, which also
mounts the jaws to the distal articulable link 32. Although the end effector 16 is
illustrated and described herein as being a grasper, it is noted that alternative

endoscopic end effectors could be used.
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Fig. 3 shows illustrates the components with which the jaw elements 34, 36 of
the grasper can be actuated. As shown in this figure, each jaw element 34, 36 is
provided with a curved slot 42 and 44 proximal of the pin 40 through which a further
pin 46 of an actuation member 48 extends. The actuation member 48 comprises a
small shaft that can be linearly translated within the distal articulable link 32 (Fig. 2)
using one of the internal control wires of the instrument 10. In particular, when a
control wire attached to the proximal end of the actuation member 48 is pulled in the
proximal direction, the pin 46 travels proximally along the slots 42, 44 so as to close
the jaw elements 34, 36. However, when that control wire is pushed in the distal
direction, the pin 46 travels distally along the slots 42, 44 so as to open the jaw
elements 34, 36.

As is further shown in Fig. 3, a compression spring 50 is provided at the
proximal end of the actuation member 48 that urges the member toward the distal
direction, thereby urging the jaw elements 34, 36 toward their open orientation,
which is the default position for the grasper. Notably, the jaw elements 34, 36 are
sized such that, when they are in the closed orientation, they can pass through the
working channels of most endoscopes. By way of example, when the jaw elements
34, 36 are closed the end effector 16 has an outer diameter, or other maximum
cross-sectional dimension, of no more than approximately 6 mm. In some
embodiments, the end effector 16 has an outer diameter, or other maximum cross-
sectional dimension, of less than approximately 3 mm when the jaw elements 34, 36
are closed.

Like the articulable links 32, 34 of the retractor 16, the various components of
the end effector 16 can also be made of a suitable, biocompatible material, such as

stainless steel.



WO 2017/161049 PCT/US2017/022592

Fig. 4 shows the interior of the distal articulable link 32 of the retractor 12. As
is apparent from this figure, the link 32 includes a body 52 from which extends
opposed lateral prongs 54 between which the jaw elements 34, 36 can be
positioned. The prongs 54 include openings 56 that are configured to receive the pin
40 about which the jaw elements 34, 36 pivot. Formed within the body 52 of the
distal link 32 is a first cylindrical cavity 58 that is configured to receive the actuation
member 48 and the spring 50. Extending from the proximal end of the body 52 to the
first cavity 58 is a passage 60 through which an end effector control wire 61 can
pass to connect with the actuation member 48 and control operation of the jaw
elements 34, 36. Also formed in the body 52 is a second cylindrical cavity 62 that is
configured to receive a retractor control wire 63 that attaches to the link 32 and that
can be linearly displaced used to control articulation of the link and, therefore, the
retractor 12.

Figs. 5 and 6 illustrate an example configuration for the medial articulable
links 30 shown in Fig. 2. The link 30 comprises a cylindrical body 64. Extending from
the distal end of the body 64 are two opposed lateral flanges 66 that are configured
to facilitate connection with and articulation between a further, distally positioned link.
Provided at the proximal end of the body 64 are two opposed lateral notches 68 that
are configured to receive the flanges of a further, proximally positioned link. In some
embodiments, the flanges 66 are simply received in the notches 68 and the links 30
are held together by tension provided by the control wires. In other embodiments,
suitable attachment means, such as pins or snap-fit elements, can be used to ensure
the links 30 cannot separate from each other. Like the end effector 16, the links 30
are dimensioned such that the retractor 12 can pass through the working channels of

most endoscopes. By way of example, the links 30 each have an outer diameter, or
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other maximum cross-sectional dimension, of no more than approximately 6 mm. In
some embodiments, the links 30 each have an outer diameter, or other maximum
cross-sectional dimension, of less than approximately 3 mm.

With particular reference to Fig. 6, passages 70 and 72 are formed through
the body 62 of the link 30. In the illustrated embodiment, the first passage 70 has an
elongated cross-section while the second passage 72 has a circular cross-section.
Irrespective of their shapes, the passages 70, 72 are configured to receive the
control wires 61, 63 that are used actuate the jaw elements 34, 36 and to articulate
the retractor 12. In some embodiments, the end effector control wire 61 that actuates
the jaw elements 34, 36 passes through the second passage 72, while the retractor
control wires 63 that articulate the retractor 12 pass through the first passage 70.

As noted above, the retractor 12 connects to the handle 14 with the elongated
tube 29 (see Fig. 1). Fig. 7 shows an example embodiment for this tube 29. As
shown in Fig. 7, the tube 29 is an elongated cylindrical member having multiple (e.g.,
three) passages 74 that extend through the tube. Each of these passages 74 can
receive one of the control wires 61, 63 that extends from the handle 14 to the
retractor 12. The tube 29 can be made of a suitable, biocompatible material, such as
a polytetrafluoroethylene (PTFE).

Fig. 8 illustrates the handle 14 in cross-section. As the cross-section is taken
along a medial plane of the handle 14, Fig. 8 shows one half (the right half in this
case) of the handle. As indicated in the figure, a cavity 76 is formed within the handle
14 that houses various internal components of the handle. The finger trigger 24 is
pivotally mounted within the cavity 76 at a pivot point 78. A notch 80 is formed within
the body of the trigger 24 that receives the distal end of a linking element 82 that

connects the trigger to a further actuation member 84 that is used to control
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actuation of the jaw elements 34, 36. Like the actuation member 84 shown in Fig. 3,
the actuation member 84 is connected to the end effector control wire 61, which
passes through the elongated tube 29. As is apparent in Fig. 8, the tube 29 is
received within a cylindrical cavity 86 formed in a distal end of the handle 14. When
the trigger 24 is squeezed such that it is moved toward the handle 14, the pivotal
motion of the trigger is translated into linear motion of the actuation member 48 by
the linking element 82 such that the end effector control wire 61 is moved proximally
and the jaw elements 34, 36 are closed. In some embodiments, a compression
spring (not shown) extends down from a protrusion 88 formed within the handle 14 to
the inner side of the trigger 24 to urge the trigger outward. In such a case, when the
trigger 24 is released, the trigger is pivoted outward, the actuation member 84 is
moved in the distal direction, the end effector control wire 61 is also moved in the
distal direction, and the jaw elements 34, 36 are opened.

As noted above, the finger trigger 24 can be locked in any desired position to
fix the orientation of jaw elements 34, 36. This is achieved using the trigger locking
element 28. As shown in Fig. 8, the trigger locking element 28 is a pivotally mounted
lever having a distal tang 90 that can engage teeth 92 provided on an extension
element 94 that extends inwardly from the inner side of the trigger 24. When the
trigger locking element 28 is pushed forward in the distal direction, the tang 90
engages the teeth 92 of the extension element 94 to prevent unintended movement
of the trigger 24. In some embodiments, the trigger locking element 28 remains in
position, preventing pivoting of the trigger 24, due to the force imposed upon the
trigger by the spring.

The right-side thumb slide 22 extends through a linear slot that extends along

the length direction of the handle 14 and connects to an inner gear rack 96 that
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comprises multiple teeth 98. These teeth 98 mesh with the teeth 100 of a gear 102
that is mounted to a horizontal shaft 104 within the handle 14. Provided on an inner
surface of the gear 102 is a peg 106 to which one of the retractor control wires 63 is
affixed. As shown in Fig. 8, this retractor control wire 63 extends forwardly through
the handle 14 to the actuation member 84, which has an internal passage 108 (see
Fig. 9; control wires 61, 63 and elongated tube 29 omitted for clarity) through which
the control wire passes into the tube 29. Notably, a further retractor control wire 63
(not visible in Fig. 8) operated by the left-side thumb slide 22 shown in Fig. 1 can
also pass through this passage 108. When either thumb slide 22 is moved in the
proximal direction, its gear rack 96 is likewise moved in the proximal direction, which
causes clockwise rotation (in the orientation of Fig. 8) of its associated gear 102.
This, in turn, causes the associated retractor control wire 63 to be linearly displaced
in the distal direction, which, in turn, causes lateral displacement of the retractor link
to which the wire is attached and, therefore, bending of the retractor 12.

As noted above, the thumb slides 22 can also be locked in any desired
position to fix the orientation of the retractor 12. This is achieved using the thumb
slide locking element 26 (see Fig. 1). This locking element 26 extends through
another slot that extends along the length direction of the handle 14. When the
locking element 26 is moved in the proximal direction, it can move a spring element
(not shown) that passes between opposed protrusions 110 and 112 extending from
the handle 14 into engagement with the teeth 100 of the gear 102 so as to prevent
its rotation and, therefore, prevent unintended articulation of the retractor 12.

While Figs. 8 and 9 only show the right-side thumb slide 22, gear rack 96,
gear 102, retractor control wire 63, and locking element 26, it is noted that the left

side of the handle comprises similar components. It is through duplication of these
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components that the retractor 12 can be manipulated to form complex curves
comprising two different bends. As described above in relation to Fig. 4, one of the
retractor control wires 63 connects to the distal articulable link 32. The other retractor
control wire 63 connects to one of the medial articulable links 30, which is proximal
of the distal articulable link 32. Accordingly, a first, distal bend can be formed with
one of the retractor control wires 63 and a second, proximal bend can be formed with

the other retractor control wire 63.

11



WO 2017/161049 PCT/US2017/022592

CLAIMS

Claimed are:

1. An articulable endoscopic instrument comprising:

an articulable retractor configured to pass through a working channel of an
endoscope, the articulable retractor comprising an end effector mounted to a distal
end of the articulable retractor; and

a handle to which the articulable retractor is mounted, the handle comprising
controls that enable a user of the instrument to both articulate the retractor and
actuate the end effector, wherein the retractor can be articulated using the controls
to form two independent bends lying within one plane, the bends together forming a

complex curve.

2. The instrument of claim 1, wherein the articulable retractor comprises

multiple articulable links that are connected together.

3. The instrument of claim 2, further comprising first and second retractor
control wires that extend from the handle and through the articulable links, wherein

linear movement of the retractor control wires causes the retractor to bend.

4. The instrument of claim 3, wherein the first retractor control wire is
connected to a distal articulable link of the retractor and the second retractor control
wire is connected to a proximal articulable link of the retractor and wherein linear
movement of the first retractor control wire causes the retractor to form a distal bend
of the complex curve and wherein linear movement of the second retractor control

wire causes the retractor to form a proximal bend of the complex curve.

12
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. The instrument of claim 4, wherein the handle further comprises first
and second thumb slides, wherein linear movement of the first thumb slide causes
linear movement of the first retractor control wire and wherein linear movement of

the second thumb slide causes linear movement of the second retractor control wire.

6. The instrument of claim 5, wherein the handle further comprises first
and second inner gear racks to which the first and second thumb slides are
respectively connected and first and second gears having teeth that respectively
engage teeth of the first and second gear racks, wherein the first and second
retractor control wires are respectively connected to the first and second gears such

that rotation of the gears causes linear movement of the retractor control wires.

7. The instrument of claim 6, wherein the handle further comprises first
and second thumb slide locking elements configured to respectively lock the first and
second thumb slides to prevent unintended movement of the first and second

retractor control wires.

8. The instrument of claim 7, wherein the first and second thumb slide
locking elements comprise further thumb slides and wherein the handle further
comprises spring elements connected to the further thumb slides, wherein respective
linear movement of the further thumb slides toward the first and second gears

causes the spring elements to engage the gears and prevent their rotation.

9. The instrument of claim 1, wherein the end effector comprises a

13
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grasper having jaw elements that can be opened and closed.

10. The instrument of claim 9, wherein the handle further comprises a

finger trigger that can be used to open and close the jaw elements.

11.  The instrument of claim 10, further comprising an end effector control
wire and wherein pivoting of the finger trigger causes linear movement of the end

effector control wire that causes opening and closing of the jaw elements.

12.  The instrument of claim 11, wherein the end effector further comprises
an actuation member connected to the jaw elements to which the end effector
control wire is connected, wherein proximal movement of the end effector control
wire causes proximal movement of the actuation member, which causes the jaw

elements to close.

13.  The instrument of claim 10, wherein the handle further comprises a

spring that urges the finger trigger in a direction that opens the jaw elements.

14.  The instrument of claim 10, wherein the handle further comprises a
finger trigger locking element configured to lock the orientation of the finger trigger to

prevent unintended movement of the end effector control wire.

15.  The instrument of claim 14, wherein the finger trigger locking element
comprises a pivotally mounted lever having a tang configured to engage teeth of an

extension element that extends from the finger trigger.

14
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16.  The instrument of claim 1, further comprising an elongated tube that
connects the retractor to the handle, the elongated tube also being configured to

pass through the working channel of the endoscope.

17. A method for controlling an articulable endoscopic instrument, the
method comprising:

grasping a handle of the instrument;

passing an articulable retractor that extends from the handle through a
working channel of an endoscope;

moving each of two different controls provided on the handle to form two
different bends in the articulable retractor that lie in the same plane, the two bends
together forming a complex curve; and

moving a further control provided on the handle to actuate an end effector

provided at a distal end of the articulable retractor.

18. The method of claim 17, wherein moving each of two different controls
comprises linearly sliding two different thumb slides along a length direction of the

handle.

19.  The method of claim 17, wherein moving a further control comprises

pulling a finger trigger provided on the handle.

20. The method of claim 19, wherein the end effector is a grasper and

wherein pulling the finger trigger closes jaw elements of the grasper.

15
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D 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. D 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. III  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:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: claims 1-16, drawn to an articulable endoscopic instrument

Group lI: claims 17-20, drawn to a method of using an articulable endoscopic instrument

The inventions listed as Groups | - Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

--eee-eeeo-- S@€ extra sheet -----—------—-—-

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

2. D As all searchable claims could be searched without effort justifying 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.:
6

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

I:l 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.

D No protest accompanied the payment of additional search fees.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: claims 1-16, drawn to an articulable endoscopic instrument

Group II: claims 17-20, drawn to a method of using an articulable endoscopic instrument

The inventions listed as Groups | - Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Group |l includes the special technical features of method steps including particular use steps (claim 17) passing an articulable retractor
that extends from the handle through a working channel of an endoscope (claim 18) moving each of two different controls comprises
linearly sliding two different thumb slides along a length direction of the handle, not required by Group .

Group |-l are generally related as an apparatus (Group |} and method(s) of using the apparatus (Group Il). These groups therefore
share the technical features of the apparatus of claim 1, however, these shared technical features fail to provide a contribution over the
prior art of WO 2015/033607 A1 to FUTAKU PRECISION MACHINERY (hereinafter: FUTAKU). FUTAKU describes an articulable
endoscopic instrument (Abstract) comprising: an articulable retractor (insertion portion 10 of surgical instrument 1, FIG. 1; para[0024])
configured to pass through a working channel of an endoscope (para[0001]-[0003}), the articulable retractor comprising an end effector
mounted to a distal end of the articulable retractor (forceps 12, FIG. 1; para[0024])); and a handle to which the articulable retractor is
mounted (operation unit 20 of surgical instrument 1, FIG. 1; para[0024]), the handle comprising controls that enable a user of the
instrument to both articulate the retractor (first and second bending operation portions 21a/21b, FIG. 1; para[0024]-[0027]) and actuate
the end effector (opening and closing operation unit 22 and rotational operation portion 23, FIG. 1; para[0024],[0031],[0034]), wherein
the retractor can be articulated using the controls to form two independent bends lying within one plane, the bends together forming a
complex curve (FIGS. 1- 2; para[0024]-[0027],[0058]).

Thus, Groups -1l lack unity of invention because they do not share a same or corresponding special technical feature providing a
contribution over the prior art.
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