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commonly assigned incorporated applications.”

FIELD
[0004] This patent specification generally relates mainly to a medical device for
use in placing and retrieving surgical stents. More particularly, some embodiments
relate to devices and methods using endoscopy for placing and removing prostatic

stents. -

BACKGROUND
[0005] There are many medical procedures for placing a stent inside a human
body, such as blood vessels or urinary tracts. In the case of a prostatic stent, a
stent is used to keep open the male urethra and aliow the passing of urine in cases
of prostatic obstruction and lower urinary tract symptoms. Conventional systems
for placing any stents are believed to be cumbersome, inefficient and can cause
local trauma and/or substantial patient discomfort. Many conventional stent
placement procedures are carried out with medical equipment that is not

specialized and/or customized for a particular application. For example, in the
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case of prostatic stents, it is common to deploy the stent using a complex,
conventional, general purpose endoscopic device that has a rigid cannula, made of
stainless steel, having an outer diameter of 7 mm or greater (21 fr.). Such systems
are expensive, complicated and can cause significant discomfort and/or local
trauma for the patient.

[0006] The subject matter described or claimed in this patent specification is
not limited to embodiments that solVe any specific disadvantages or that operate
only in environments such as those described above. Rather, the above
background is only provided to illustrate one exemplary technology area where

some embodiments described herein may be practiced.
SUMMARY

[0007] According to some embodiments, an endoscope for deploying a tubular
endoscope in a passage in a patient comprises: a handle 140 configured to be
grasped by a user, a shaft 172 extending distally relative to the handle; an outer
sleeve 422 extending distally from the shaft; an inner cannula 420 configured to fit
within the outer sleeve for relative sliding motion therebetween; and a collar or
catch 170 coupled with the outer sleeve and configured to move together therewith
between a distal position in which distal ends of the inner cannula and the outer
sleeve align and a proximal position by which a distal portion of the inner cannula
protrudes distally from the outer sleeve. The distal portion of the inner cannula and
a distal portion of the outer sleeve are dimensioned to allow a tubular radial space
therebetween, which radial space is configured to constrain a radially expandable
stent 160 in a compressed state and said distal portion of the inner cannula being
configured to engage the stent to prevent proximal motion but allow distal motion of
the stent relative to the inner cannula. The tubular space matches the stent in
length such that when the outer sieeve is at its proximal position the stent is not
constrained by said outer sleeve and can expand radially to an expanded state and
remain in said passage. A camera module 810 at the distal end of said inner
cannula is configured to view the passage and a video screen 150 attached to and

mechanically supported by said handle is configured to show images of the
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passage and of the stent being deployed therein. The shaft, collar, outer sleeve
and cannula form a single-use stent-deployment portion of the endoscope and the
handle and video screen form a reusable portion. These two portions are
configured to connect and disconnect through connectors that mate and release by
hand, without tools, for assembly of the two portions into an endoscope and for
disposal of the single-use portion after use thereof in a patient procedure.

[0008] In some embodiments, for removal of a stent deployed in a passage in the
patient the endoscope further comprises a single-use stent removal portion with
electrical and mechanical connectors for removable attachment to said handle, in
place of the stent deployment portion. The stent removal portion differs from said
stent deployment portion by including plural hooks at a distal part of the inner
cannula, which hooks are configured to fit in said tubular space when the outer
cannula is in its distal position and to expand radially as the outer sleeve moves to
its proximal position and to engage loops at a proximal portion of said stent. The
stent removal portion is configured to draw said stent proximally into said tubular
space as the outer sleeve moves from its distal to its proximal positions.

[0009] Each of the single-use portion for deploying a stent and the single-use
portion for removing a stent further comprises a housing 174 that has a proximal
end connecting to said handle, a distal end connecting to said shaft, and an
annular space in which a proximal portion of the shaft moves between said distal
and proximal positions of the shaft, in some embodiments. The inner cannula is in
a fixed position relative to the handle when said single-use and multiple-use portion
are assembled into said endoscope, in some embodiments. The endoscope further
includes proximal and distal ports in said outer sleeve and a fluid conduit through
which fluid moves within and along a length of said outer sleeve between said
ports, according to some embodiments. The inner cannula has a distal end
stepped down in diameter to engage a matching diameter distal end of the stent to
thereby prevent proximal motion but allow distal motion of the stent relative to the
inner cannula, according to some embodiments. At least distal portions of the outer
sleeve and the inner cannula are sufficiently flexible to bend when being inserted in

curving portions of said passage, according to some embodiments.
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[0010] According to some embodiment, an endoscope comprises: a handle 140
configured to be grasped by a user; a shaft 172 extending distally relative to the
handle; an outer sleeve 422 extending distally from the shaft; and an inner cannula
420 configured to fit within the outer sleeve. The outer sleeve is configured to move
relative to the handle and the inner cannula between a distal position and a
proximal position. When the outer sleeve is in its proximal position a distal portion
of the inner cannula protrudes distally from the outer sleeve and when the outer
sleeve is in its distal position a tubular stent fits in a tubular space between distal
portions of the outer sleeve and the inner cannula. A camera module 810 at the
distal end of said inner cannula views the passage and a video screen 150
attached to and mechanically supported by said handle shows images of the
passage and of the stent being deployed therein. The shaft, collar, outer sleeve
and cannula form a single-use stent-deployment portion of the endoscope and the
handle and video screen form a reusable portion. The two portions connect
through connectors that mate and release by hand, without tools, to assemble the
two portions into said endoscope and for disposal of said single-use portion after
use thereof in a patient procedure.

[0011] For removing a stent from a passage in a patient, a single-use stent
removal portion is configured to removably attach to said handle, in place of the
stent deployment portion, and differs from said stent deployment portion by
including plural hooks at a distal end of the inner cannula, which hooks are
configured to fit between the inner cannula and the outer sleeve when the outer
sleeve is in its distal position and to expand radially as the outer sleeve moves to
its proximal position and to engage loops at a proximal portion of said stent. The
stent removal portion is configured to draw said stent proximally into said tubular
space as the outer sleeve moves from its distal to its proximal positions.

[0012] Each of the single-use portions further comprises a housing 174 that has a
proximal end connecting to said handle, a distal end connecting to said shaft, and
an annular space in which a proximal portion of the shaft moves between said
distal and proximal position of the shaft, in some embodiments. Proximal and distal
ports in said outer sleeve and a fluid conduit through which fluid moves within and

along a length of said outer sleeve between said ports are provided, according to
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some embodiments. The inner cannula has a distal end stepped down in diameter
to engage a matching diameter distal end of the stent to thereby prevent proximal
motion but allow distal motion of the distal end of the stent relative to the inner
cannula, according to some embodiments. At least distal portions of the outer
sleeve and the inner cannula are sufficiently flexible to bend when being inserted in
curving portions of said passage, according to some embodiments.

[0013] According to some embodiments, a method of deploying a stentin a
passage in a patient and/or removing the stent comprises: placing a tubular stent in
a compressed state in a tubular space between distal portions of an inner cannula
and an outer sleeve of an endoscope such that the stent engages the inner
cannuia to prevent proximal motion but allow distal motion of the stent relative to
the inner cannula; releasably securing said outer sleeve and inner cannulka toa
handle configured to be grasped by a user; inserting the outer sleeve in a passage
in the patient’s body, with the stent in said tubular space between the outer sleeve
and the inner cannula; moving the outer sleeve proximally relative to the inner
cannula, the stent, and the handle to thereby free the stent of being radially
constrained by the outer sleeve and allow the stent to expand radially to an
expanded state and remain in the passage in the patient; withdrawing the inner
cannula from the patient; and imaging the passage with a video camera at a tip of
the inner cannula while inserting the outer sleeve, moving the outer sleeve
proximally relative to the inner cannula, and withdrawing the inner cannula, and
displaying the images on a video screen secured to and mechanically supported by
said handle. Moving the outer sleeve proximally includes moving a proximal portion
of the sleeve within an annular space of a housing releasably secured to said
handle, according to some embodiments. The method includes connecting said
outer sleeve, inner cannula and housing to said handle through electrical and
mechanical connectors that connect and disconnect by hand, without tools,
according to some embodiments.

[0014] According to some embodiments, the method further includes removing a
stent that has expanded radially and has remained in the passage by inserting an
outer sleeve into the passage while viewing the passage with a video camera at a

distal tip of an inner cannula that is in the outer sleeve, moving the outer sleeve
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proximally relative to the inner cannula to allow hook secured to the inner cannula
to expand radially, engaging loops at a proximal portion of the stent with said
hooks, moving one or both of the inner cannula and the outer sleeve relative to the
other to draw the stent into a tubular space between distal portions of the outer
sleeve and the inner cannula, and withdrawing the outer sleeve, the inner cannula,
and the stent from the passage.

[0015] According to some embodiments, an alternative method of removing a stent
that has expanded radially and has remained in the passage comprises inserting
an outer sleeve into the passage while viewing the passage with a video camera at
a distal tip of an inner cannula that is in the outer sleeve, moving the outer sleeve
proximally relative to the inner cannula to allow hook secured to the inner cannula
to expand radially, engaging loops at a proximal portion of the stent with said
hooks, and moving said inner cannula proximally relative to the passage to remove
said stent from the passage.

[0016] As used herein, the grammatical conjunctions “and”, “or” and “and/or”
are all intended to indicate that one or more of the cases, object or subjects they
connect may occur or be present. In this way, as used herein the term “or” in all
cases indicates an “inclusive or” meaning rather than an “exclusive or” meaning.
[0017] As used herein the terms “surgical” or “surgery” refer to any physical
intervention on a patient’s tissues, and does not necessarily involve cutting a

patient’s tissues or closure of a previously sustained wound.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] To further clarify the above and other advantages and features of the
subject matter of this patent specification, specific examples of embodiments
thereof are illustrated in the appended drawings. It should be appreciated that
these drawings depict only illustrative embodiments and are therefore not to be
considered limiting of the scope of this patent specification or the appended claims.
The subject matter hereof will be described and explained with additional specificity

and detail through the use of the accompanying drawings in which:



WO 2019/237003 PCT/US2019/036060

[0019] FiGs. 1, 2 and 3 are side, top and perspective views of an endoscopic
system configured to deploy a surgical stent, according to some embodiments;
[0020] FIG. 4 is an exploded-view diagram of an endoscopic system configured
to deploy a surgical stent, according to some embodiments;

[0021]  FIGs. 5A-5C are diagrams illustrating the operation of deploying a
surgical stent using an endoscopic system, according to some embodiments;
[0022] FIG. 5D is diagram illustrating a design for a sliding outer sleeve,
according to some embodiments;

[0023] FIGs. 6A-6F are a series of diagrams illustrating a process of positioning
and deploying a prostatic stent in a male urethra, according to some embodiments;
[0024] FIGs. 7A and 7B are side views of an endoscopically deployable
surgical stent in compressed and expanded states, according some embodiments;
[0025] FIG. 8 shows further detail of the distal tip of an endoscopic system
configured to deploy a surgical stent, according to some embodiments;

[0026] FIGs. 9A and 9B are perspective views showing further detail of '
connectors between single use and multiple use portions of an endoscopic system
configured to deploy a surgical stent, according to some embodiments;

[0027] FIG. 10 is a side view showing further detail of the distal tip of an
endoscopic system configured to deploy a surgical stent, according to some
embodiments; .

[0028] FIGs. 11A-11C are diagrams illustrating further detail of a wire or rod
used aid in deployment of a surgical stent, according to some embodiments;
[0029] FIGs. 12A-12F are various views of an endoscopic system configured to
remove a surgical stent, according to some embodiments; and

[0030] FIGs. 13A-13F are a series of diagrams illustrating methods for

removing a prostatic stent from a male urethra, according to some embodiments.

DETAILED DESCRIPTION
[0031] A detailed description of examples of preferred embodiments is
provided below. While several embodiments are described, it should be
understood that the new subject matter described in this patent specification is not

limited to any one embodiment or combination of embodiments described herein,
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but instead encompasses numerous alternatives, modifications, and equivalents.
In addition, while numerous specific details are set forth in the following description
in order to provide a thorough understanding, some embodiments can be practiced
without some or all of these details. Moreover, for the purpose of clarity, certain
technical material that is known in the related art has not been described in detail
in order to avoid unnecessarily obscuring the new subject matter described herein.
It should be clear that individual features of one or several of the specific
embodiments described herein can be used in combination with features of other
described embodiments or with other features. Further, like reference numbers and
designations in the various drawings indicate like elements.

[0032] FIGs. 1, 2 and 3 are side, top and perspective views of an endoscopic
system configured to deploy a surgical stent, according to some embodiments.
System 100 is configured for minimally invasive and precise placement of a
surgical stents. System 100 is adapted for easy and quick use with minimized
patient discomfort and high placement accuracy. According to some embodiments,
the system 100 includes a semi-rigid endoscope having an integrated stent 160
and dual cannula 120. Dual cannula 120 includes in inner cannula that has an
imaging and illumination modules on its distal tip 110, and an outer sleeve. The
outer sleeve is configured such that it can slide longitudinally with respect to the
inner cannula. An electrical cable 122 is positioned within the inner cannula and
supplies control signals and power to the camera and LED illumination modules on
distal tip 110 and also transmits video image data from the camera module to the
hand piece 140 and display 150 for viewing by an operator. In the example shown,
hand piece 140 includes two control buttons 240 and 242 which can be configured
for power on/off and image capture, respectively. According to some embodiments,
hand piece 140 includes a rechargeable battery 142 as well as electronics or video
capture, processing and display on or in display 150.

[0033] The cannula 120 is connected proximally to a fluid hub including in this
example two fluid ports 130 and 230. Proximal to the fluid hub is a shaft 172 and a
collar 170. According to some embodiments, the collar 170 is fixed to the outer
sleeve of cannula 120 such that it can be used to retract and extend the outer

sleeve relative to the inner cannula and stent 160 as will be shown and described
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further herein. Shaft 172 can slide into housing 174. Dashed outline 176
illustrates the position of shaft 172 in a retracted position within housing 174.

- When the operator moves collar 170 in the proximal direction, shaft 172 slides into
housing 174 and along with it the outer sleeve of cannula 120 and fluid ports 130
and 230 move together. FIG. 3 show a syringe 330 used to supply fluid, such as
saline, through a fluid lumen within cannula 120 via tubing 332 and fluid port 230.
According to some embodiments, the system 100 is formed of a single use portion
102 and a multiple use portion 104. The portions 102 and 104 are connectable
and separable via a mechanical and electrical connector. According to some
embodiments the cannula 120 is semi-rigid. The cannula 120 is stiff enough so it
does not collapse with the longitudinal pushing and pulling forces of positioning a
stent. On the other hand, cannula 120 is flexible enough such that it can bend
while it passes through curved anatomy such as male urethra.

[0034] FIG. 4 is an exploded-view diagram of an endoscopic system configured
to deploy a surgical stent, according to some embodiments. The inner cannula
420 and outer sleeve 422 of cannula 120 are shown. The inner cannula 420 and
distal tip 110 reside within and slide relative to the outer sleeve 422. The stent
160, prior to deployment, is disposed in the annular region between the inner
cannula 420 and the outer sleeve 422. Also shown is connector 440 that fits in the
proximal end of shaft 172 on the single use portion, and connector 442 that fits in
the distal end of hand piece 140. According to some embodiments, stent 160 is of
a type that can be used to open up the urethra. The stent 160 can be made of
nitinol. When expanded, the stent pushes back the surrounding tissue and widens
the urethra. QOuter sleeve 422 has a smooth exterior, and is made of Nylon or
PTFE, and can be coated with a hydrophilic material to enhance its smoothness.
[0035] FIGs. 5A-5C are diagrams illustrating the operation of deploying a
surgical stent using an endoscopic system, according to some embodiments. The
cannula 120 has an outer sleeve 422 concentrically positioned around inner
cannula 420. FIG. 5A shows the stent 160 in a compressed state positioned
between the inner cannula 420 (shown in dotted outline) and the outer sleeve 422.
The stent 160 is formed to be stable in an expanded state (shown in FIG. 7B) such

that when it is compressed, as in the position shown in FIG. 5A, the stent 160 is
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secured by friction while it being held in the compressed stated by the inner surface
of outer sleeve 422. Collar 170, shaft 172 and fluid port 130 are attached to the
outer sleeve 422 such that those components slide longitudinally. As outer sleeve
422 is retracted proximally, a portion of shaft 172 moves into housing 174 as
shown by the dashed outline 176. As shown in FIG. 5B, the collar 170 and shaft
172 are partially moved proximally (shown by the dashed arrows) and the outer
sleeve 422 is retracted by the same longitudinal distance. On the other hand, the
inner cannula 420 and distal tip 110 are fixed to housing 174 such that they do not
move when the collar 170, shaft 172 and outer sleeve 422 are retracted proximally.
The stent 160 is prevented from moving proximally either by friction alone or by a
means of its distal tip fitting around a flange on the distal end of inner cannula 420.
Alternatively or in addition, one or more radial projections from inner cannula 420
that are just proximal of stent 160 can help keep the stent from moving proximally
along inner cannula 420. When the collar 170, shaft 172 and sleeve 422 are
retracted proximally, as shown in FIG. 5B, the portion of stent 160 that is no longer
being restrained by sleeve 422 is allowed to expand. FIG. 5C shows the collar |
170, shaft 172 and sleeve 422 fully retracted proximally. In this position, no portion
of the stent 160 is reStrictéd by the outer sleeve 422 and the stent is free to expand
into the available surrounding space.

[0036] FIG. 5D is diagram illustrating a design for a sliding outer sleeve,
according to some embodiments. As can be seen, collar 170, shaft 172 and fluid
ports 130 and 230 are attached to the outer sleeve 422 such that those
components slide longitudinally together. The shaft 172 fits inside of an annular
spac‘e 540 within housing 174. According to some embodiments, o-rings 550 are
provided to form a fluid seal which prevents fluid in the annular space between
inner cannula 420 and outer sleeve 422 from leaking in a proximal direction.

[0037] FIGs. 6A-6F are a series of diagrams illustrating a process of
positioning and deploying a prostatic stent in a male urethra, according to some
embodiments. In FIG. 6A, under direct vision of live video captured by the camera
module in distal tip 110 and displayed to the operator on display 150 (shown in
FIGs. 1-4) the cannula 120 is slowly advanced through the urethra towards
prostate 610 and bladder 600. In FIG. 6B, the cannula 120 is shown inserted
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through the prostate canal 620 until the tip 110 reaches the entrance or neck of
bladder. The precise location of the stent 160 with respect to the "neck” of bladder
600 and prostate canal 620 can be verified by the operator through the live images
captured by the camera module in distal tip 110 and displayed to the operator on
display 150 (shown in FIGs. 1-4). According to some embodiments, a distending
media such as saline or COz gas can flow through cannula 120 from either port
130 or 230 (e.g. shown in FIGs. 2 and 3) on the proximal end to the distal end, for
example through the annular space between the inner cannula 420 and outer
sleeve 422. In FIG. 6C, the outer sleeve 422 is slowly retracted while maintaining
the longitudinal position of distal tip 110, inner cannula 420 and stent 160. This
can be accomplished by the operator by maintaining the position of the hand piece
140 while slowly sliding the collar 170 proximally along shaft 172 (as shown in FIG.
5B). As the sleeve 422 is retracted, the portion of stent 160 that is no longer being
restrained by sleeve 422 is allowed to expand against the walls of prostate canal
620. The sleeve 422 is retracted further until the distal end of the sleeve 422 is
proximal to the proximal end of stent 160, as shown in FIG. 6D, such that the entire
length of stent 160 is exposed.

[0038] In FIG. 6E the cannula 120 is being withdrawn from the urethra as
shown by the dotted arrow. The stent remains positioned in the prostate canal
since it is pressed against the prostate canal wall. As the cannula 120 is slowly
withdrawn, the correct positioning of the stent 160 can be verified by the operator
through the live images captured by the camera module in distal tip 110 and
displayed to the operator on display 150 (shown in FIGs. 1-4). The operator
accomplishes this by sliding the collar 170 along shaft 172 to its most proximal
position as shown in FIG. 5C. The stent 160 is now free to expand toward its
stable expanded shape thereby exerting outward radial pressure on the prostate
canal wall. According to some embodiments, a pusher wire or stick can be used,
as shown in FIGs. 11A-11C to ensure release of the stent 160 from inner cannula
420 and to ensure proper positioning of stent 160. FIG. 6F shows the stent 160
expanded against the prostate canal wall after deployment.

[0039] FIGs. 7A and 7B are side views of an endoscopically deployable

surgical stent in compressed and expanded states, according some embodiments.
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FIG. 7A shows the example stent 160 in a compressed state, such as when it is
positioned between the outer sleeve 422 and inner cannula 420 as shown in FIG.
5A. In this case the outer diameter of the stent is about 5.9 mm and the Iehgth is
about 40 mm. FIG. 7B shows the example stent 160 in its expanded, relaxed, or
stable state, such as shown in FIG. 5C. The length of the stent in its relaxed or
expanded state is reduced to less than about 40 mm, for example to 20-30 mm, but
the outer diameter is expanded to about 14mm. According to some embodiments,
stent 160 includes a ring 710 that is dimensioned to fit over the outer surface of the
distal tip 110, which is some cases is about 3.8 mm O.D. but is smaller than the
outer diameter of ihe inner cannula, as shown in greater detail in FIG. 10. Also
visible in FIGs. 7A and 7B are proximal loops 720 on stent 160. According to some
embodiments, loops 720 are shaped such as to be engageable by a suitable stent
retrieval tool, such as shown in greater detail in FIGs. 12A-B and 13A-13E.

[0040] FIG. 8 shows furth.er detail of the distal tip of an endoscopic system
configured to deploy a surgical stent, according to some embodiments. The stent
160 is shown positioned between the inner cannula and outer sleeve 422. The
distal ring 710 of stent 160 is shown around the distal tip 110. The distal tip is
shown to include camera module 810 and four LEDs 820, 822, 824 and 826 all of
which fit within a distal tip housing having an inner diameter of 3.3 mm and outer
diameter of 3.8 mm. According to some embodiments, camera module 180 has
field of view (FOV) at least 120 degrees and a fixed focal range of about 3 mm.
According to various other embodiments, the fixed focal range camera module 810
ranges from less than 3 mm to about 30mm. The outer sleeve 422 has an outer
diameter of 6.5 mm and inner diameter of 5.5 mm. According to some
embodiments, the outer diameter of the sleeve 422 can be made less than 6.5 mm.
The stent 160 has a maximum outer diameter that matches (since it is constrained
by) the inner diameter of sleeve 422. In the case shown in FIG. 8, the outer '
diameter of stent 160 is about 5.0 mm. According to some embodiments, the
annular space or gap between the outer sleeve 422 and the inner cannula can be
used for flow of distention fluid or gas. According to some embodiments, the outer
sleeve 422 is formed of PTFE. The inner cannula 420 can also be formed of PTFE

and can have an outer diameter of about 3.8 mm. The exterior of the outer sleeve
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can be coated with a hydrophilic material that becomes very slippery when wet
during the medical procedure.

[0041] According to some embodiments, depending on the size of the camera
module 810, the outer diameter of sleeve 422 can be made even less than 6.5 mm.
In one example, the sleeve 422 has an outer diameter of 6.0 mm and an inner
diameter of 4.9 mm. In this case the housing of distal tip 110 which includes
camera module 810 and LEDs 820, 822, 824 and 826, has an inner diameter of 2.4
mm and outer diametef of 2.9 mm. The stent 160 in this case fits within the inner
diameter of sleeve 422 and is has 4.0 mm outer diameter while compressed. While
these dimensions are preferred, other embodiments can use other dimensions.
[0042] FIGs. 9A and 9B are perspective views showing further detail of
connectors between single use and multiple use portions of an endoscopic system
configured to deploy a surgical stent, according to some embodiments. The
connector 420 has pins (not shown) that make electrical contact to sockets within
connector 440 on the hand piece 140. According to some embodiments, the
connectors 420 and 440 and rhating collars surrounding them as illustrated are
suitable for maintaining secure mechanical mating between the hand piece 140 of
the multiple use portidn (portion 104 shown in FIG. 1) and shaft 172 of the single
use portion (portion 102 shown in FIG. 1).

[0043] FIG. 10 is a side view showing further detail of the distal tip of an
endoscopic system configured to deploy a surgical stent, according to some
embodiments. In the example shown the outer diameter of the inner cannula 420
(about 4.5 mm) is slightly larger than the outer diameter of the distal tip 110 (about
3.8 mm). There is a slight "step” or "lip" formed by the diameter change and the
ring 710 formed at the distal end of stent 160 is configured with an inner diameter
between the two sizes so that it fits around the distal tip 110 but cannot slide
further proximally past the lip / step formed by the distal end of the inner cannula
420. According to some other embodiments other dimensions can be used and/or
the step can be formed on the housing of the distal tip itself or upon the body of the
inner cannula. According to some other embodiments, there is no diameter

change or step and the stent 160 is held in place by friction forces alone.
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[0044] FIGs. 11A-11C are diagrams illustrating further detail of a wire or rod
used aid in deployment of a surgical stent, according to some embodiments. Wire
1100 is shown running through port 130 and through cannula 120 toward stent
160. According to some embodiments, the wire 1100 is positibned in the annular
space between the inner cannula the outer sleeve of cannula 120. The distal end
of wire 1100 has a fork or other suitable shape that allows for engagement with a
portion on the proximal end of stent 160. The wire is suitably stiff to allow for the
operator to exert a pushing force, in the distal direction. During deployment, shown
in FIG. 11C, when the outer sleeve 422 is retracted proximally, the operator can
manipulate the handle loop 1102 of wire 1100 to push or urge the stent off of the
end of the inner cannula 420 as shown by the dashed arrows. According to some
embodiments, wire 1100 can thus be used to ensure precision placement of the
stent 160.

[0045] FIGs. 12A-12F are various views of an endoscopic system configured to
remove a surgical stent, according to some embodiments. In this example, the
distal region of the system 100 is shown configured for stent removal. The distal
tip 110 includes three retrieval hooks 1210 that protrude distally and are shaped to
engage with proximal loops 720 of stent 160. The outer sleeve 422 can be used to
surround the hooks so that the hooks 1210 are partially or fully enclosed within the
sleeve 422. As shown in FIG. 12A, outer sleeve 422, collar 170 and shaft 172 are
configured to allow sleeve 422 to protrude distally past the distal tip 110 and hooks
1210. The system 100 includes single use portion 102 and multiple use portion
104. According to some embodiments, the multiple use portion 104 is identical to
the portion 104 shown in FIGs. 1-4, but the single use portion 102 shown in FIGs.
12A-E is customized for retrieval / removal of stents. In this case there can be two
separate cannula versions, one for deployment and one for retrieval of stents, each
of which can be separately mated to a single multiple use portion that includes the
hand piece and display.

[0046] The position shown in FIG. 12A is when the sleeve 422 isin a
proximally retracted position. FIG. 12B shows further detail of the hooks 1210
engaged with the proximal loops 720 of stént 160. Moving the sleeve 422 in a

longitudinal direction relative to hooks 1210 allows hooks 1210 to expand and

15



WO 2019/237003 PCT/US2019/036060

contract radially. Note that partially or fully enclosing the hooks 1210 is desirable
during insertion of the cannula 422 through the urethra, for example (as shown in
FIG. 13A). FIGs. 12C and 12D show further detail of the distal tip region.
According to some embodiments, hooks 1210 can be made of stainless steel and
fixed (e.g. welded) to a steel band 1220 that can in-turn be fixed to the distal end of
inner cannula 420. According to some embodiments, the inner cannula 420 is
also made of stainless steel and band 1220 and 1210 can be fixed to it by welding
as well. FIG. 12E is a distal end view of the stent 160 being engaged by hooks
1210. Visible are the camera module 810 surrounded by LEDs on the distal tip of
the retrieval device. According to some embodiments, other hook shapes can be
used instead of a sphere on the end of a curved piece, as shown in FIGs. 12B-E.
For example, in FIG. 12F, the hooks 1212 are shaped more as traditional hooks
which may be suitable for ensuring a secure engagement with the proximal end of
the stent during the removal process.

[0047] FIGs. 13A-13F are a series of diagrams illustrating methods for
removing a prostatic stent from a male urethra, according to some embodiments.
In FIG. 13A, the cannula 120 is inserted through the urethra as indicated by the
dashed arrow. The refrieval hooks 1210 are fully or nearly fully enclosed by the
outer sléeve 422. In FIG. 13B, the tip of hooks 1210 are shown in position to
engage with the proximal loops on stent 160 (loops 720 shown in FIGs. 7A and
7B). The precise positioning of the hooks and engagement of the loops on the
stent is ensured by direct vision - using live video images captured by the camera
module 810 in this distal tip and displayed to the operator on the display screen
150. In FIG. 13C, once the engagement of the hooks 1210 on the loops of the
stent 160 is confirmed, the outer sleeve 422 is pushed distally as shown by the
dashed arrow while the hooks 1210, distal tip and inner cannula 420 remain in a
static position. The sleeve 422 forces the stent 160 into a compressed state. This
can be accomplished by the operator pushing the collar distally while maintaining a
steady position on the hand piece. In FIG. 13D, the sleeve 422 is shown fully
extended distally such that the stent 160 is fully enclosed and compressed by
sleeve 422. In FIG. 13F, the cannula 120, with the stent 160 securely held in the

compressed state, is withdrawn from the urethra. According to some
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embodiments, once the engagement of the hooks 1210 on the loops of the stent
160 is confirmed, instead of maintaining a steady position on the hand piece as
shown in FIGs. 13C and 13D, a combination of pulling (proximally) on the hand
piece and pushing on the collar (distally) can be used. This is shown in FIG. 13E /
where the inner cannula 420 hooks 1210 and stent 160 are being pulled proximally
as shown by dotted arrow 1312 while the sleeve 422 is being pushed distally as
shown by dashed arrow 1310. According to yet another embodiment, once the
engagement of the hooks 1210 on the loops of the stent 160 is confirmed the
sleeve 422 can be maintained in a static location relative to the target tissues
(prostate 610) while the inner cannula 420 and hooks 1210 are used to pull the
stent 160 in a proximal direction until it is partially or fully enclosed within the
stationary sleeve 422. This can be accomplished by the operator simultaneously
pulling (proximally) on the hand piece 140 (shown in FIG. 12A) while maintaining
position relative to the patient’s body on the collar 170 (shown in FIG. 12A).
[0048] Although the foregoing has been described in some detail for purposes
of clarity, it will be apparent that certain changes and modifications may be made
without departing from the principles thereof. It should be noted that there are
many alternative ways of implementing both the processes and apparatuses
described herein. Accordingly, the present embodiments are to be considered as
illustrative and not restrictive, and the body of work described herein is not to be
limited to the details given herein, which may be modified within the scope and

equivalents of the appended claims.
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CLAIMS

What it claimed is:

1.

An endoscope for deploying a tubular stent in and/or withdrawing the stent

from a passage in a patient, compfising:

a handle configured to be grasped by a user,

a shaft 172 extending distally relative to the handle;

an outer sleeve extending distally from the shaft;

an inner cannula configured to fit within the outer sleeve for relative sliding
motion therebetween,;

a collar or catch coupled with the outer sleeve and configured to move
together therewith between a distal position in which distal ends of
the inner cannula and the outer sleeve align and a proximal position
by which a distal portion of the inner cannula protrudes distally from
the outer sleeve; A

said distal portion of the inner cannula and a distal portion of the outer
sleeve being dimensioned to allow a tubular radial space
therebetween;

said radial space being configured to constrain a radially expandable stent
160 in a compressed state and said distal portion of the inner cannula
being configured to engage the stent to prevent proximal motion but
allow distal motion of the stent relative to the inner cannula;

wherein said tubular space matches said stent in length such that when the
outer sleeve is at its proximal position the stent is not constrained by
said outer sleeve and expands radially to an expanded state and
remain in said passage; and

a camera module at the distal end of said inner cannula and a video screen
attached to and mechanically supported by said handle and
configured to show images of the passage and of the stent being
deployed therein;

mechanical and electrical connectors between said shaft and said handle,
wherein the shaft, collar, outer sleeve and cannula form a single-use

stent-deployment portion of the endoscope and the handle and video
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screen form a reusable portion, and said connectors are configured to
release by hand, without tools, for disposal of said single-use portion

after use thereof in a patient procedure.

2. The endoscope of claim 1, further comprising a single-use stent removal
portion with electrical and mechanical connectors for removable attachment
to said handle, in place of the stent deployment portion, said stent removal
portion differing from said stent deployment portion by including plural hooks
at a distal part of the inner cannula, which hooks are configured to fit in said
tubular space when the outer cannula is in its distal position and to expand
radially as the outer sleeve moves to its proximal position and to engage

loops at a proximal portion of said stent.

3. The endoscope of claim 2, in which said stent removal pdrtion is configured
to draw said stent proximally into said tubular space as the outer sleeve

moves from its distal to its proximal positions.

4. The endoscope of claim 1, in which said single-use portion further
comprises a housing that has a proximal end connecting to said handle, a
distal end connecting to said shaft, and an annular space in which a
proximal portion of the shaft moves between said distal and proximal

positions of the shaft.

5. The endoscope of claim 1, in which said inner cannula is in a fixed position
relative to the handle when said single-use and multiple-use portion are

assembled into said endoscope.

6. The endoscope of claim 1, further including proximal and distal ports in said
outer sleeve and a fluid conduit through which fluid moves within and along

a length of said outer sleeve between said ports.

7. The endoscope of claim 1, in which said inner cannula has a distal end

stepped down in diameter to engage a matching diameter distal end of the
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stent to thereby prevent proximal motion but allow distal motion of the stent

relative to the inner cannula.

8. The endoscope of claim 1, in Whichk at least distal portions of the outer
sleeve and the inner cannula are sufficiently flexible to bend when being

inserted in curving portions of said passage.

9. An endoscope for deploying and/or withdrawing a tubular stent from a

passage in a patient, comprising:

a handle configured to be grasped by a user;

a shaft extending distally relative to the handle;

an outer sleeve extending distally from the shaft;

an inner cannula configured to fit within the outer sleeve;

said outer sleeve being configured to move relative to the handle and the
inner cannula between a distal position and a proximal position;

wherein when the outer sleeve is in its proximal position a distal portion of
the inner cannula protrudes distally from the outer sleeve and when
the outer sleeve is in its distal position a tubular stent fits in a tubular
space between distal portions of the outer sleeve and the inner
cannula; and

a camera module at the distal end of said inner cannula and a video screen
attached to and mechanically supported by said handle and
configured to show images of the passage and of the stent being
deployed therein;

mechanical and electrical connectors between said shaft and said handle,
wherein the shaft, collar, outer sleeve and cannula form an single-use
stent-deployment portion of the endoscope and the handle and video
screen form a reusable portion, and said connectors release by hand,
without tools, for disposal of said single-use portion after use thereof

in a patient procedure.

10. The endoscope of claim 9, further comprising a single-use stent removal

portion that is configured to removably attach to said handle, in place of the
20
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stent deployment portion, and differs from said stent deployment portion by
including plural hooks at a distal end of the inner cannula, which hooks are
configured to fit between the inner cannula and the outer sleeve when the
outer sleeve is in its distal position and to expand radially as the outer
sleeve moves to its proximal position and to engage loops at a proximal

portion of said stent.

11. The endoscope of claim 10, in which said stent removal portion is configured
to draw said stent proximally into said tubular space as the outer sleeve

moves from its distal to its proximal positions.

12.The endoscope of claim 9, in which said single-use portion further -
comprises a housing that has a proximal end connecting to said handle, a
distal end connecting to said shaft, and an annular space in which a
proximal portion of the shaft moves between said distal and proximal

position of the shaft.

13.The endoscope of claim 9, further including proximal and distal ports in said
outer sleeve and a fiuid conduit through which fluid moves within and along

a length of said outer sleeve between said ports.

14.The endoscope of claim 9, in which said inner cannula has a distal end
stepped down in diameter to engage a matching diameter distal end of the
stent to thereby prevent proximal motion but allow distal motion of the distal

end of the stent relative to the inner cannula.

15.The endoscope of claim 9, in which at least distal portions of the outer
sleeve and the inner cannula are sufficiently flexible to bend when being

inserted in curving portions of said passage.

16. A method of deploying a stent in a passage in a patient and/or removing the
stent, comprising:
placing a tubular stent in a compressed state in a tubular space between

distal portions of an inner cannula and an outer sleeve of an
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endoscope such that the stent engages the inner cannula to prevent
proximal motion but allow distal motion of the stent relative to the
inner cannula;

releasably securing said outer sleeve and inner cannula to a handle
configured to be grasped by a user;

inserting the outer sleeve in a passage in the patient’s body, with the stent in
said tubular space between the outer sleeve and the inner cannula;

moving the outer sleeve proximally relative to the inner cannula, the stent,
and the handle to thereby free the stent of being radially constrained
by the outer sleeve and allow the stent to expand radially to an
expanded state and remain in the passage in the patient;

withdrawing the inner cannula from the patient; and ,

imaging the passage with a video camera at a tip of the inner cannula while
inserting the outer sleeve, moving the outer sleeve proximally relative
to the inner cannula, and withdrawing the inner cannula, and
displaying the images on a video screen secured to and mechanically

supported by said handle.

17. The method of claim 16, in which said moving the outer sleeve proximally
includes moving a proximal portion of the sleeve within an annular space of

a housing releasably secured to said handle.

18. The method of claim 16, including connecting said outer sleeve, inner
cannula and housing to said handle through electrical and mechanical

connectors that connect and disconnect by hand, without tools.

19. The method of claim 16, further including removing a stent that has
expanded radially and has remained in the passage by inserting an outer
sleeve into the passage while viewing the passage with a video camera at a
distal tip of an inner cannula that is in the outer sleeve, moving the outer
sleeve proximally relative to the inner cannula to allow hook secured to the
inner cannula to expand radially, engaging loops at a proximal portion of the

stent with said hooks, moving one or both of the inner cannula and the outer
22 '



WO 2019/237003 PCT/US2019/036060

sleeve relative to the other to draw the stent into a tubular space between
distal portions of the outer sleeve and the inner cannula, and withdrawing

the outer sleeve, the inner cannula, and the stent from the passage.

20. The method of claim 16, further including removing a stent that has
expanded radially and has remained in the passage by inserting an outer
sleeve into the passage while viewing the passage with a video camera at a
distal tip of an inner cannula that is in the outer sleeve, moving the outer
sleeve proximally relative to the inner cannula to allow hook secured to the
inner cannula to expand radially, engaging loops at a proximal portion of the
stent with said hooks, and moving said inner cannula proximally relative to

the passage to remove said stent from the passage.
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