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ENDOSCOPY SYSTEMS AND METHODS OF USE THEREOF

Incorporation by Reference

[0001] This application claims the benefit of US Provisional Application No.
62/527625 filed June 30, 2017, which is hereby incorporated by reference in its entirety. This
application incorporates by reference the entirety of International Application No.
PCT/US2016/045417 designating the United States, filed on August 3, 2016. The
International Application was published in English as WO 2017/027299 A1 on February 16,
2017. The priority US Application of the International Application, US App. No. 14/821579
filed August 7, 2015, published as US Pub. No. 2017/0035277 on February 9, 2017, is also

incorporated by reference in its entirety.

BACKGROUND

[0002] Endoscopes are catheter-based devices that can be used to perform
minimally-invasive procedures (e.g., surgery). Endoscopes can be designed to permit a health
care practitioner such as a physician to visualize and/or treat the internal tissues of a patient
through a small incision in the skin. An endoscope can include a light source and a camera.
Fiberscopes (or fiber-optic endoscopes) can include illumination fibers or light guides that
direct light to illuminate the field of view. Endoscopes can include imaging fiber bundles to
transfer the image of an illuminated area to the camera. In diagnostic arthroscopy, after
introducing the device into the patient's joint, a physician can shine light into that joint. The
camera provides an image of the joint, which is then viewed on a video monitor. By viewing
the joint of interest through the device, the physician does not need to make a large incision.
Sterile fluid can be used to expand the joint, which increases visibility in the joint area and
makes it easier for the physician to work. These single- port diagnostic procedures have been
performed in a doctor's physician and "walk in" or ambulatory surgery centers, e.g., using a

2.0 mm fiber optic arthroscope.



WO 2019/006081 PCT/US2018/039934

FIELD
[0003] The present disclosure relates to endoscopy systems. More particularly,
some embodiments herein relate to methods and systems comprising one or more of
piezoelectric elements, stylets, and hooked blades. In some embodiments, the endoscopy
systems are useful for orthopedic procedures. In some embodiments, the endoscopy systems

are useful for arthroscopic procedures.

SUMMARY

[0004] Some aspects include an endoscopy system comprising a sheath, an image
sensor, an illuminating element, a working channel and a piezoelectric element. The sheath
can comprise a lumen and an opening at a distal-most end of the sheath. A distal portion of
the sheath can be deformable. The image sensor can be disposed within the lumen of the
distal portion of the sheath. The illuminating element can be disposed within the lumen
adjacent to the image sensor. The working channel can be disposed within the lumen. The
working channel can comprise a distensible portion that extends past at least a portion of the
image sensor. The piezoelectric element can be sized to fit within the working channel. The
piezoelectric element can be coupled to a working tip. The piezoelectric element can be
configured to move the working tip when electricity is applied to the piezoelectric element.
The working tip can be configured to puncture a tissue when the working tip is moved a
result of electricity being applied to the piezoelectric element. In some embodiments, the
working tip has a diameter within the range of 0.1 mm to 1.0 mm.

[0005] Some aspects include an endoscopy system for performing a procedure on
a connective tissue. The system can comprise a sheath, an image sensor, an illuminating
element, a working channel, and a hooked blade. The sheath can comprise a lumen. A distal-
most end of the sheath can comprise an opening. A distal portion of the sheath can be
deformable. The image sensor can be disposed within the lumen of the distal portion of the
sheath. The illuminating element can be disposed within the lumen and adjacent to the image
sensor. The working channel can be disposed within the lumen and can comprise a
distensible portion that extends past at least a portion of the image sensor. The hooked blade

can be sized to fit within the working channel. The hooked blade can comprise a convex
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distal-facing surface and a concave proximal-facing cutting surface. The convex distal-facing
surface can have a smoothness sufficient to atraumatically distend the distensible portion of
the working channel as the hooked blade is advanced distally past the image sensor. In some
embodiments, the convex distal facing surface has a radius of curvature within the range of
between 0.1 mm and 1.0 mm. In some embodiments, the concave proximal facing cutting
surface has a radius of curvature within the range of 0.1 mm to 1.0 mm.

[0006] Some aspects include a stylet configured to perform an arthroscopic
procedure with an endoscopy system that comprises a sheath comprising a lumen, a distal-
most end of the sheath comprising an opening, a distal portion of the sheath being
deformable; an image sensor disposed within the lumen of the distal portion of the sheath; an
illuminating element disposed within the lumen adjacent to the image sensor; and a working
channel disposed within the lumen, the working channel comprising a distensible portion that
extends past at least a portion of the image sensor. The stylet can be sized to fit within the
working channel. The stylet can have a rigidity sufficient to bend the distal portion of the
sheath when the stylet is advanced distally past at least a portion of the image sensor.

[0007] Some aspects include a method of performing a procedure with the
endoscopy system of any one of the preceding paragraphs. The method can include
introducing the endoscopy system through an incision in a skin of a patient to reach the tissue
of the patient, wherein said tissue is an internal tissue of the patient; puncturing the tissue of
the patient with the working tip; and withdrawing the endoscopy system from the patient
through the incision.

[0008] Some aspects include a method of performing a procedure with the
endoscopy system of any one of the preceding paragraphs. The method can include
introducing the endoscopy system through an incision in a skin of a patient to reach the
connective tissue of the patient, wherein the connective tissue is an internal tissue; incising
the connective tissue with the hooked blade; and withdrawing the endoscopy system from the
patient through the incision.

[0009] Some aspects include a method of preparing the stylet of any one of the

preceding paragraphs for use with an arthroscopic procedure with the endoscopy system. The
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method can include bending a distal portion of the stylet to a desired shape; and inserting the

distal portion of the stylet into the working channel of the endoscopy system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGURE 1 is a schematic diagram of an endoscopy system in accordance
with some embodiments herein.

[0011] FIGURE 2A is an end view of a distal tip of an endoscope comprising a
working channel in accordance with some embodiments herein.

[0012] FIGURE 2B is a cross-sectional side view of a distal tip of an endoscope
comprising a working channel in accordance with some embodiments herein.

[0013] FIGURE 3A is a schematic diagram of a piezoelectric element directly
coupled to a working tip in accordance with some embodiments herein.

[0014] FIGURE 3B is a schematic diagram of a piezoelectric element coupled to
a working tip by an intermediate wire in accordance with some embodiments herein.

[0015] FIGURE 4A is a partial side view of a distal tip of an endoscope
comprising a piezoelectric element in accordance with some embodiments herein.

[0016] FIGURE 4B is a partial side view of a distal tip of an endoscope
comprising a piezoelectric element in accordance with some embodiments herein.

[0017] FIGURE 35 is a schematic diagram of a microfracture procedure being
performed on a bone with an endoscopy system comprising a piezoelectric element in
accordance with some embodiments herein.

[0018] FIGURE 6 is a schematic diagram of an endoscopy system comprising a
hooked blade in accordance with some embodiments herein.

[0019] FIGURE 7A is a schematic diagram of an endoscopy system comprising a
hooked blade in accordance with some embodiments herein showing the endoscope inserted
under a carpal ligament with the hooked blade housed within the endoscope.

[0020] FIGURE 7B is a schematic diagram of an endoscopy system comprising a
hooked blade in accordance with some embodiments herein showing the endoscope inserted

under a carpal ligament with the hooked blade deployed from within the endoscope.
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[0021] FIGURE 7C is a schematic diagram of an endoscopy system comprising a
hooked blade in accordance with some embodiments herein showing the incised carpal
ligament after the endoscope has been drawn away from under the carpal ligament with the
hooked blade deployed from the endoscope.

[0022] FIGURE 8A is a schematic diagram of a stylet and sheath for performing
an arthroscopic procedure with an endoscopy system in accordance with some embodiments
herein.

[0023] FIGURE 8B is a schematic diagram of a stylet inserted into the stylet

working channel of the endoscope to reposition the distal tip of the sheath.

DETAILED DESCRIPTION

[0024] In some embodiments, endoscopy systems are described. In some
embodiments, an endoscopy system comprises a piezoelectric element coupled to a
working tip. The piezoelectric element can drive the working tip to puncture a tissue of a
patient such as bone. Accordingly, in some embodiments, the endoscopy system can be
useful for performing microfracture surgery using a single endoscope and a single
incision.

[0025] In some embodiments, an endoscopy system comprises a hooked blade
that can be distended from a working channel. Once distended, the hooked blade can
incise a connective tissue. In some embodiments, the shaft of the endoscopy system can
act as a tissue expander as it is slid alongside the median nerve, and then the hooked
blade can be distended to incise a carpal ligament. Accordingly, in some embodiments,
the endoscopy system can be useful for carpal tunnel surgery that utilizes only a single
endoscopy system, and a single incision.

[0026] In some embodiments, a stylet for performing an arthroscopic
procedure is described. Certain joints such as the hip or the back of the knee can be
challenging for conventional endoscopy systems to visualize. An operator can alter the
stiffness of the shaft of an endoscopy system by interchanging curved stylets in the shaft.
The stylets can be configured to be advanced through a working channel of an endoscopy

system as described herein. Accordingly, in some embodiments, an operator can use the
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stylet or stylets to adjust the tip location. The field of illumination and/or image capture
can thus be altered by the use of the stylets. Thus, in some embodiments the stylet or
stylets can facilitate visualization of difficult-to-reach locations.

[0027]  Various exemplary aspects of the described technology are illustrated
in the Figures and discussed herein, which are presented to enable the manufacture and
use of various aspects and examples of that technology. Descriptions of specific
materials, techniques, and applications are provided as examples. No limitation on the
scope of the technology and of the claims that follow is to be imputed from the drawings,

the examples, or the discussion below.

Endoscopy systems

[0028] In some embodiments, endoscopy systems are described. It is understood
herein that when the term “endoscope” is mentioned herein (including variations of this root
term), an endoscopy system is also expressly contemplated. Additionally, it is understood that
when “endoscopy systems” (including variation of this root term) are mentioned herein,
endoscopy systems comprising, consisting of, or consisting essentially of only a single
endoscope are expressly contemplated, but that an endoscopy system is not necessarily
limited to only a single endoscope.

[0029] The endoscopy system in accordance with some embodiments can include
one or more working channels that extend within the lumen of the sheath. For example, the
endoscopy system can include a working channel that is sized to allow a tool to be inserted
into the working channel. The working channel can be configured to allow a tool inserted
into the working channel to be advanced along the working channel to reach a distal end of
the endoscope. In some embodiments, the working channel can have an opening at a distal
end of the working channel, thereby allowing a distal portion of the tool to exit the distal end
of the endoscope. A distal portion of the working channel can be distensible and a
longitudinally overlapping portion of the outer sheath can also be deformable, allowing the
profile of the endoscope to expand as a tool within the working channel moves distally past

an element (e.g., image sensor) within the lumen of the endoscope.
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[0030] The endoscopy system in accordance with some embodiments can include
additional working channels such as, for example, to allow a second tool to reach the distal
end of the endoscope, a fluid flushing channel, a fluid suction channel, and one or more stylet
working channels. The endoscopy system can allow a single endoscope to be used for
visualizing of the tissue (e.g., via the image sensor and illuminating element), expanding the
tissue (e.g., via the fluid flushing channel), and performing a surgical procedure on the tissue
(e.g., via the working channel).

[0031] In some embodiments, the endoscopy system has an outer sheath
comprising a lumen and an opening at the distal-most end of the sheath. The endoscopy
system can include an image sensor (for example, a camera) and an illuminating element that
are disposed within the lumen of the sheath. The illuminating element can be configured to
pass light through the opening at the distal-most end of the sheath to illuminate a field of
view. The image sensor can be adapted to detect light reflected from the tissue illuminated by
the illuminating element, thereby allowing a user to visualize tissue at the distal-most end of
the endoscope. In some embodiments, the endoscopy systems are single-use endoscopy
systems for use in surgical procedures.

[0032] In some embodiments, a laser provides light to the illuminating element of
the endoscopy system. Without being limited by theory, it is contemplated that a laser can
provide enough light via a single light guide fiber to illuminate a field of view. In some
embodiments, the laser provides light via a single light guide fiber. As such, in some
embodiments, the use of a laser, and/or a laser and a single light guide fiber can yield an
endoscopy system with a smaller diameter, thus minimizing invasiveness of the endoscopy
system.

[0033] FIGURE 1 depicts a generalized endoscope 100 in accordance with some
embodiments. The endoscope 100 can include a hub 110, which remains outside the
patient’s body. The hub 110 can be used by the operator to manipulate the endoscope
100, as described herein. An clongated, flexible shatt 120 can extend from that hub 110,
The shaft 120 can be inserted into the patient's body. The shaft 120 can connect the hub
110 to a distal tip 130 of the endoscope 100. The shaft 120 can have an opening 132 at

the distal tip 130 of the endoscope 100. The shaft 120 can be hollow or include one or
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more lumens. The opening 132 can provide a path for the interior space of the shaft 120
(or the interior space of a lumen within the shaft) to communicate with the outside
environment. For example, the opening 132 can allow the interior space of the shaft 120
to communicate with an internal cavity of a paticnt when the shaft 120 is inserted
through an incision in the skin of the patient.

160341 The hub 110 can include one or more ports 112, As described herein,
an item (e.g., tool, flushing {luid) can be inserted into a proximal opening 114 of the port
112, advanced along the interior of the shaft 120, and passed through the opeming 132 at
the distal end 130 of the shaft 120. The hub 110 can be adapted to receive a guidewire
10. For example, in the iHustrated embodiment, the endoscope 100 is mounted onto a
guidewire 10 in an over-the-wire configuration. The endoscope 100 can be mounted onto
a guidewire 10 in a rapid exchange configuration. The endoscope 100 can include data
communication lines 12 and/or power lines 14. The hub 110 can be configured to allow
data communication lines 12 and/or power lines 14 to extend out of the hub 110. The
data communication line 12 can transmit data (e.g., image sensor data) to an electronic
device (e.g., display screen). The power line 14 can provide power to electronics housed
within the hub 112 or at another location of the endoscope 100,

{0035]  The shaft 120 can include an expandable portion 122. The expandable
portion 122 can be adapted to reversibly expand. The expandable portion 122 can be
configured to expand radially to allow items that have a large profile to push distally
past other components of the endoscope 100 that are located at the expandable portion
122 of the shaft 120. For example, the expandable portion 122 can surround a camera
fens that occupies a large size profile. The expandable portion 122 can expand to
allow tools to navigate distally past the camera lens.

{8036] The shaft 120 can include a rigid portion 124. The rigid portion 124
can be adapted so that it does not reversibly expand. The rigid portion 124 can
longitudinally align with portions of the shaft 120 that need not expand to allow a
large proflile item to advance distally toward the opening 132. For exarple, the rigid

portion 124 can surround fiber optic fibers, electrical cords, or other low-profile items
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that do not require the shaft 120 to radially expand to allow a tool 1o advance past
these low-profile items.

(60371 In some embodiments, the distal portion of the shaft 120 that is
inserted into the patient can have an outer diameter of about 2 mm. In some
embodiments, the outer diameter of the shaft is about: 0.5 mm, 0.6 mm, 0.8 mm, 1.0
mm, 1.5 mm, 2.0 oom, 3.0 mm, 4.0 mm, or 5.0 mm, including ranges between any two
of the listed values. In some arrangements, the outer diameter of the shaft 120 is
between the range of 0.5 mm to 5.0 mm, 1.0 mm to 4.0 om, 2.0 vam to 3.0 mm, or 1.5
mm to 2.5 mm.

[6038] FIGURE 2A shows an end view of a non-limiting, illustrative
embodiment of a distal tip 130 of the endoscope 100. The expandable portion 122 of the
shaft 120 can surround an image sensor 140. One more working channels 150 can be
disposed within the lumen of the shaft 120. The working channels 150 can be sized io
allow an item 1o be passed through the working channel 150 to reach the distal tip 130 of
the endoscope 100, In the lustrated embodiment, the distal tip 130 includes two working
channels 150 that are disposed radially outward of the image sensor 140. In some
cmbodiments, the distal tip 130 includes only onc working channel 130. In some
arrangements, the endoscope 100 includes three or more working channels 150. As
discussed herein, the working channel 150 can include a distensible portion that can
reversibly deform to allow the cross-sectional area of the lumen of the working channel
150 to increase.

[6639] With continued reference to FIGURE 2A, the distal tip 130 can include
tllumination fibers 160. In the illustrated embodiment, the distal tip 130 includes three
tllumination fibers 160. In some embodiments, the distal tip 130 includes only one
tllumination fibers 160. In some arrangements, the endoscope 100 includes two or more
than three illumination {ibers 160. In at least one embodiment, the endoscope 100 can
include only one illumination fiber 160 and that single llumination {iber 160 1s couple 1o
a powerful laser light sowrce, thereby allowing the single llumnination [iber 160 to
provide enough light to adeguate illuminate the tissue space for imaging with the 1mage

sensor 140.
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[8048] FIGURE 28 shows a cross-sectional side view of another embodiment
of a distal tip 130. The distal tip 130 includes a ramp 170 that is adapted to guide the
working channel 150 around the image sensor 140. The ramp 170 can be arranged so that
an item {e.g., tool) that is advanced within the working channel 150 past the image
sensor 140 does not impact or alter the orientation of the image sensor 140. The ramp
170 can protect the image sensor 140 from being knocked out of proper alignment when
an item within the working channel 150 advances past the image sensor 140. In the
illustrated embodiment, the distal tip 130 has only one working channel 150. However,
the endoscope 100 can include additional working chaonels 130 and ramps 170 that
protect the sensor 140 from being knocked out of alignment. In some configurations, the
ramp 170 can be anchored to the rigid portion 124 of the shaft 120. For example, the
ramp 170 can include a pin 172 that is connected to the rigid portion 124 by a strut (not
shown).

[8041] As discussed, the working channel 150 can include a distensible
portion 152 that longitudinally aligns with the expandable portion 122 of the shaft
120. As an ttem (e.g., tool) is advanced distally along the working channel 150, the ramp 170
directs the item away from the image sensor 140, thereby protecting the alignment of the
image sensor 140. As the item passes by the image sensor 144, the distensible portion 152 of
the working channel 150 radially expands to allow the item to pass by the image sensor 140
without disrupting the position of the image sensor 140. The radial expansion of the
distensible portion 152 of the working channel 150 can cause the expandable portion 122 of
the shaft 120 to radially expand to accommodate the profile of the itern passing by the image
sensor 140, Once the item 1o the working channel 150 is no longer longitudinally aligned with
the image sensor 140, the distensible portion 152 and the expandable portion 122 can deform
back to a low-profile configuration.

{68421 Additional information about endoscopes, including endoscopes and
features of endoscopes suitable in accordance with some embodiments herein, can be found
in International Application Publication No. WO 2017/027299, entitled “ENDOSCOPE
WITH VARIABLE PROVILE TIP,” and U.S. Patent Application Publication No.

-10-
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2017/0035277, entitled “ENDOSCOPE WITH VARIABLE PROFILE TIP,” cach of which

is hereby incorporated by reference in its entirety.

Endoscopy systems comprising piezoelectric elements and methods of using

[0043] In some embodiments, the endoscopy system comprises a piezoelectric
element. In some embodiments, the piezoelectric element can be adapted to perform an
arthroscopic procedure (e.g., microfracture) on a tissue of a patient. The piezoelectric element
can be sized to fit within a working channel of the endoscope. The piezoelectric element can
be coupled to a working tip and configured to move the working tip when electricity is
applied to the piezoelectric element.

[0044] Microfracture surgery is a kind of arthroscopic surgery in which cartilage
can be repaired by creating very small fractures in the underlying bone. Without being
limited by theory, it is believed that blood and cells can enter the fractures, and cartilage can
form as a result of the entry of these substances. In some embodiments, an endoscopy system
comprising a piezoelectric element is configured for microfracture surgery. The piezoelectric
element can be suited to create the very small bone fractures for a microfracture procedure.

[0045] FIGURE 3A depicts a non-limiting, illustrative embodiment of a
piezoelectric element 200. The piezoelectric element 200 can be used with the endoscope
100. In some embodiments, the piezoelectric element 200 is sized to fit within the working
channel 150 of the endoscope. The piezoelectric element 200 can include a transducer 210
and a power cable 212 that provides electricity to the transducer 210. The piezoelectric
element 200 can include a working tip 220. The piezoelectric element 200 can be configured
so that the working tip 220 moves when electricity is applied to the transducer 210. As shown
in FIGURE 3A, in certain arrangements, the working tip 220 is coupled directly to the
transducer 210 (without any intervening elements). In certain arrangements, the transducer
210 is coupled to the working tip 220 via an intervening wire 222, as shown in FIGURE 3B.
The intervening wire 222 can be sufficiently rigid to transmit a compressive force from the
transducer 210 to the working tip 220. In some embodiments, the intervening wire comprises

a metal (e.g., surgical steel, nitinol), a polymeric material, a ceramic, or combinations thereof.

-11-
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[0046] The working tip 220 can be configured to puncture a tissue (e.g., bone)
when the working tip 220 is moved as a result of electricity being applied to the piezoelectric
element 200. In some embodiments, the working tip 220 is configured to puncture a bone
when moved by the piezoelectric element 200, thereby allowing the piezoelectric element
200 to be used to perform a microfracture procedure on a patient. The piezoelectric element
200 can be configured to exert a force, for example at least about a 15N force, on the working
tip 220. In some embodiments, the piezoelectric element 200 can be configured to exert a
force of about: 1N, 13N, 30N, 50N, 100N, 200N, 500N, including ranges between any
two of the listed values. The working tip 220 can have a tip angle of between about 5° and
10°, thereby allowing the working tip 220 to puncture cortical bone when the force is applied
to the working tip 220. In some embodiments, the working tip 220 can have a tip angle of
about: 1°,2°,5°,7°, 10°, 15°, 20°, or 45°, inciuding ranges between any two of the listed
values. In some embodiments, the working tip 220 is positioned in parallel or
substantially 1 parallel with the 1mage sensor 140. As such, the working tip 220 can
be facing the same angle as the image sensor. For example, both the working tip 220
and image sensor 140 can be forward facing.

[0047] FIGURES 4A and 4B illustrate different arrangements in which the
piezoelectric element 200 can be used with the endoscope 100. Although the working
channel 150 is not shown in FIGURES 4A and 4B, the piezoelectric element 200 can be
inserted within a working channel 150 and advanced to the distal tip 130 of the sheath 120 of
the endoscope 100. The working channel 150 (not shown) can include a distensible portion
152 (shown in FIGURE 2B) that longitudinally aligns with the deformable portion 122 of the
sheath 120, thereby allowing the sheath 120 to radially expand to allow at least a portion of
the piezoelectric element 200 to be distally advanced past the image sensor 140 without
disrupting the alignment of the image sensor 140, as described herein.

[0048] Referring to FIGURE 4A, in some embodiments, the piezoelectric element
200 comprises a transducer 210 that is disposed distally of the image sensor 140 when the
working tip 220 is positioned distally beyond the opening 132 at the distal tip 130 of the
sheath 120. In some embodiments, the transducer and the working tip are both disposed distal

of the image sensor when the working tip extends distally beyond the opening at the distal-

-12-
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most end of the sheath. In some embodiments, the piezoelectric element 200 can include a
wire 210 or similar low-profile connector (e.g., strip, ribbon) that connects the transducer 210
to the working tip 220. As shown in FIGURE 4B, in some arrangements, the transducer 210
is disposed proximally to the image sensor 140 when the working tip 220 is positioned
distally beyond the opening 132 at the distal tip 130 of the sheath 120. In some embodiments,
the piezoelectric element 200 includes a wire 210, and the transducer 210 and the working tip
220 are both disposed distal of the image sensor 140 when the working tip 220 extends
distally beyond the opening 132 at the distal tip 130 of the sheath 120.

[0049] FIGURE 5 illustrates a microfracture procedure being performed with an
embodiment of the endoscope 100 having a piezoelectric element 200. In some embodiments,
the sheath 120 is inserted through an incision 40 in the skin of a patient to position the distal
tip 132 of the sheath 120 near a bone 42 of the patient. As discussed, the endoscope 100 can
include an image sensor 140 (shown in FIGURES 4A and 4B) and an illumination element
160 that are configured to allow a user (e.g., physician) to visualize the target site of bone 42
on which the microfracture procedure is to be performed. The piezoelectric element 200 is
advanced distally along the sheath 120 to bring the working tip 220 near the target site of the
bone 42. As described above, the endoscope 100 can be configured to allow the working tip
220 to pass by the image sensor 140 without disturbing the alignment of the image sensor
140. In the illustrated embodiment, the working tip 220 is directly coupled to the transducer
210 of the piezoelectric element 200, and both the transducer 210 and the working tip 220 are
extended distally beyond the image sensor 140 and outside of the sheath 120 of the
endoscope 100. In some methods, other arrangements of the piezoelectric element 200 can be
used to perform the microfracture procedure. The piezoelectric element 200 is energized to
move the working tip 220 and create microfractures or holes 44 in the bone 42, thereby
performing a microfracture procedure on the bone 42. In some embodiments, the
microfracture procedure is performed using only a single endoscopy system 100.

[0050] In some embodiments, the endoscope 100 having a piezoelectric element
200 can be used to treat (e.g. biopsy) a target tissue (e.g., liver) in a procedure other than
microfracture surgery. In some embodiments of the method, the sheath 120 is inserted into a

patient and the distal tip 132 of the sheath 120 is positioned near a target tissue of the patient,
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for example tissue comprising, consisting essentially of, or consisting of bone. As discussed,
the endoscope 100 can include an image sensor 140 and an illumination element 160 that are
configured to allow a user (e.g., physician) to visualize the target tissue on which the
procedure is to be performed. The piezoelectric element 200 is advanced distally along the
sheath 120 to bring the working tip 220 near the target tissue. As described above, the
endoscope 100 can be configured to allow the working tip 220 to pass by the image sensor
140 without disturbing the alignment of the image sensor 140. In certain methods, the
working tip 220 is directly coupled to the transducer 210 of the piezoelectric element 200,
and both the transducer 210 and the working tip 220 are extended distally beyond the image
sensor 140 and outside of the sheath 120 of the endoscope 100. The piezoelectric element
200 is energized to move the working tip 220 and drive the working tip into the target tissue.
In some methods, the piezoelectric element 200 is adapted to perform a tissue-puncturing
procedure on the target tissue. For example, the endoscope 100 comprising the piezoelectric
element 200 could be used to lacerate or biopsy the target tissue. In some methods, the
piezoelectric element 200 is adapted to indent or otherwise deform the target tissue without

puncturing the target tissue.

Endoscopy systems for performing a procedure on connective tissue, and methods of using

such endoscopy systems

[0051] For some procedures, it can be advantageous to incise a connective tissue.
For example, in carpal tunnel surgery, incising the transverse carpal ligament can be incised,
so as to relieve symptoms of carpal tunnel syndrome. In some embodiments, an endoscopy
system is configured for carpal tunnel surgery.

[0052] Referring to FIGURE 6, in some embodiments, the endoscopy system 100
comprises an image sensor 140, an illuminating element 160, and a working channel 150 that
allows the endoscope 100 to be the only endoscope 100 needed to visualize and perform a
procedure on a connective tissue of a patient. The endoscopy system 100 can include a sheath
120 having a lumen and an opening 132 at the distal tip 130 of the sheath 120. An image
sensor 140 and illuminating element 160 can be disposed within the lumen of the sheath 120.

At least the portion 122 of the sheath 120 that longitudinally aligns with the image sensor 120
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can be deformable, allowing the sheath 120 to deform from a low-profile configuration to a
high-profile configuration. The endoscopy system 100 can include a working channel 150
that extends within the lumen of the sheath 120. The working channel 150 can include a
distensible portion 152 (shown in FIGURE 2B) that can deform from a low-profile
configuration to a high-profile configuration. The distensible portion 152 of the working
channel 150 can be longitudinally aligned with the deformable portion 122 of the sheath 120
and the image sensor 140, thereby allowing the endoscope 100 to expand as a tool within the
working channel 150 is advanced distally past the image sensor 140.

[0053] The endoscopy system 100 can include a hooked blade 300 that is sized to
fit within the working channel 150 of the endoscope 100. The hooked blade can be made, for
example, of steel, titanium, surgical grade steel, a polymeric material, a ceramic, or a
combination of these. The hooked blade 300 can have a convex distal-facing surface 302 and
a concave proximal-facing cutting surface 304. The convex distal-facing surface 302 can be
configured to atraumatically distend the distensible portion 152 (shown in FIGURE 2B) of
the working channel 150 as the hooked blade 300 is urged distally past the image sensor 140.
The convex distal-facing surface 302 can have a radius of curvature between 2 mm and 4
mm. In some embodiments, the convex distal-facing surface 302 can have a radius of
curvature of about: 0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm, & mm, including ranges
between any two of the listed values. The concave proximal-facing cutting surface 304 can
have a radius of curvature between 0.5 mm and 1.0 mm. In some embodiments, the
concave proximal-facing cutting surface 304 can have a radius of curvature of about: 0.1
mim, 4.2 mm, .5 oo, 1.0 mm, 2.0 mm, 4.0 mm, including ranges between any two of
the listed values.

[0054] As described previously, the endoscope 100 can be configured so that the
hooked blade 300 does not disturb the alignment of the image sensor 140 as the hooked blade
300 is urged distally past the image sensor 140. For example, the endoscope 100 can include
a ramp 170 (shown in FIGURE 2B) that guides the working channel 150 past the image
sensor 140.

[0055] FIGURES 7A-7C illustrate a method of performing a procedure on

connective tissue (e.g., incision of a carpal ligament) with the endoscope 100 that includes a
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hooked blade 300. Referring to FIGURE 7A, the distal tip 132 of the endoscope 100 can be
inserted through an incision in the skin and advanced along the medial nerve 50, passing
underneath a carpal ligament 52 of a patient. The sheath 120 can act as a tissue expander as
the endoscope is advanced along the medial nerve. The hooked blade 300 can be housed
within the sheath 120 as the distal tip 130 traverses underneath the carpal ligament 52. After
the distal tip 132 of the sheath clears the distal edge of the carpal ligament 52, the hooked
blade 300 can be distally advanced along the working channel 150 until the hooked blade 300
exits the opening 132 at the distal tip 130 of the sheath 120 (see FIGURE 7B). The hooked
blade 300 can be positioned so that the convex proximal-facing cutting surface 304 is
disposed distally beyond the distal tip 130 of the sheath 120. The endoscope 100 and hooked
blade 300 can then be proximally retracted together, pulling the convex proximal-facing
cutting surface 304 against and through the carpal ligament 52, thereby incising the carpal
ligament 52 (see FIGURE 7C). As shown by the dashed line in FIGURE 7C, an incision 54
can be made in the carpal ligament 52 with the hooked blade 300. In some embodiments, the

method is performed using only a single endoscopy system 100.

Stylets

[0056] In some embodiments, one or more stylets 400 assist in the positioning of
the distal tip 130 of the endoscopy system 100 as described herein. FIGURE 8A shows the
stylet 400 can be sized to fit within a stylet working channel 155 disposed within the sheath
120 of the endoscope. FIGURE 8B shows the distal tip 130 of the sheath 120 can be
deflected or repositioned when the stylet 400 is inserted into the stylet working channel 155.
The stylet working channel 155 can extend past at least a portion of the image sensor 140 of
the endoscope 100. The stylet 400 can have a rigidity sufficient to bend the distal tip 130 of
the sheath 120 when the stylet 400 is advance distally past at least a portion of the image
sensor 140. The endoscope 100 can include a guide means (e.g., ramp) that guides the stylet
working channel 155 past the image sensor 140 so that insertion of the stylet 400 does not
disturb the alignment of the image sensor 140 relative to the illumination element 160,
although both components can be deflected together when the distal tip 130 when the stylet
400 is inserted in the stylet working channel 155. Thus, the stylet 400 can be used to
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reposition the distal tip 130 of the sheath 120 without knocking the image sensor 140 out of
alignment with the illumination element 160, allowing the image sensor 140 to image the
tissue in the illumination field after the stylet 400 has repositioned the distal tip 130.

[0057] In some embodiments, the stylet 400 is malleable, allowing an operator
(e.g., physician) to reform the stylet 400 to a desired shape. The stylet can be made for
example, from metal (e.g., steel, titanium, nitinol), a polymeric material, a ceramic, or a
combination of these. In some embodiments, the stylet is made from a nitinol shape memory
alloy. In certain arrangements, the stylet 400 can be reformed by hand and without the use of
a tool. The stylet 400 can be one of a plurality of stylets, thereby allowing a user to select the
stylet most suitable for the anatomy of the patient. In some arrangements, the stylet 400 is
advanced into the stylet working channel 155 before the sheath 120 is inserted into the
patient. In some embodiments, the sheath 120 is advanced into the patient without the stylet
400 in the stylet working channel 155. The stylet 400 can be advanced into the stylet working
channel 155 after the sheath 120 has been placed inside of the patient.

[0058] In some embodiments, the endoscope 100 includes a stylet working
channel 155 and one or more working channels 150. For example, the endoscope 100 can
include a stylet working channel 155 and a working channel 150 sized to receive a
piezoelectric element 200. The stylet 400 can be inserted into the stylet working channel 155
to properly position the distal tip 130 of the sheath 120 for a microfracture procedure using a
piezoelectric element 200 delivered to the target tissue site through a working channel 150, as

described previously.

EXAMPLES
Example 1
[0059] An endoscopy system for performing a microfracture procedure includes a

deformable outer sheath that circumferentially surrounds an image sensor, an illuminating
element, and a piezoelectric element coupled to a working tip. The piezoelectric element is
housed within a working channel having a distensible portion longitudinally aligned with the
image sensor. The piezoelectric element is configured to apply a 15 N force on the working

tip. The working tip is made of tungsten, has a diameter of 0.lmm, and has sufficient
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hardness to puncture cortical bone when the piezoelectric element is energized to apply a 15

N force at the distal end of the working tip.

Example 2

[0060] The endoscopy system of Example 1 is inserted through a 2 mm incision
in a skin of a patient and advanced into a knee joint of the patient. The piezoelectric element
is advanced distally along the working channel to extend the working tip distally beyond the
outer sheath of the endoscope. The working tip is positioned near the bone surface. The
piezoelectric element is energized to move the working tip, causing the working tip to
puncture the bone. As such, a microfracture procedure is performed using only a single

endoscope.

Example 3

[0061] An endoscopy system for incising a carpal ligament includes a deformable
outer sheath that circumferentially surrounds an image sensor, an illuminating element, and a
working channel having a distensible portion that longitudinally aligns with the image sensor.
The endoscopy system further includes a hooked blade having a convex distal-facing surface
that has a radius of curvature of 2 mm. The hooked blade has a concave proximal-facing

surface that has a radius of curvature of 1.2 mm.

Example 4

[0062] The endoscopy system of Example 3 is inserted through a 2 mm incision
in a skin of a patient and advanced along the median nerve underneath the carpal ligament.
The hooked blade is advanced distally beyond the outer sheath. The hooked blade is held
fixed relative to the outer sheath as the outer sheath is withdrawn proximally across the carpal
ligament, thereby incising the carpal ligament with the concave proximal-facing surface of

the hooked blade. As such, carpal tunnel surgery is performed using only a singly endoscope.

Example 5
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[0063] A stylet for use with the endoscopy system of the present disclosure is
sized to fit within a working channel that extends through the lumen of an outer sheath of the
endoscope. The stylet has sufficient rigidity to bend the distal portion of the outer sheath to a

desired position to assist with an arthroscopic procedure.

Example 6
[0064] The stylet of Example 5 is inserted into a working channel of an

endoscope and advanced through a 2 mm incision in a skin of a patient for imaging of the
hip. The curvature of the stylet disposes the distal tip of the endoscope in a desired position

for imaging of the hip.

[0065] One skilled in the art will appreciate that, for processes and methods
disclosed herein, the functions performed in the processes and methods can be implemented
in differing order. Furthermore, the outlined steps and operations are only provided as
examples, and some of the steps and operations can be optional, combined into fewer steps
and operations, or expanded into additional steps and operations without detracting from the
essence of the disclosed embodiments.

[0066] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from
the singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[0067] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at least,”
the term “includes” should be interpreted as “includes but is not limited to,” etc.). It will be
further understood by those within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited in the claim, and in the absence
of such recitation no such intent is present. For example, as an aid to understanding, the

following appended claims may contain usage of the introductory phrases ‘at least one" and
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"one or more" to introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite articles “a“ or
"an" limits any particular claim containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same claim includes the introductory
phrases "one or more" or "at least one" and indefinite articles such as a“ or an* (e.g., “a”
and/or “an” should be interpreted to mean “at least one” or “one or more”); the same holds
true for the use of definite articles used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly recited, those skilled in the art
will recognize that such recitation should be interpreted to mean at least the recited number
(e.g., the bare recitation of "two recitations,” without other modifiers, means at least two
recitations, or two or more recitations). Furthermore, in those instances where a convention
analogous to “at least one of A, B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would understand the convention (e.g., “ a
system having at least one of A, B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C together, B and C together, and/or
A, B, and C together, etc.). In those instances where a convention analogous to “at least one
of A, B, or C, etc.” is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention (e.g., “ a system having at least one of A, B,
or C” would include but not be limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B, and C together, etc.). It will be
further understood by those within the art that virtually any disjunctive word and/or phrase
presenting two or more alternative terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of including one of the terms, either of
the terms, or both terms. For example, the phrase “A or B” will be understood to include the
possibilities of “A” or “B” or “A and B.”

[0068] In addition, where features or aspects of the disclosure are described in

terms of Markush groups, those skilled in the art will recognize that the disclosure is also

thereby described in terms of any individual member or subgroup of members of the Markush

group.
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[0069] As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any listed
range can be easily recognized as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting
example, each range discussed herein can be readily broken down into a lower third, middle
third and upper third, etc. As will also be understood by one skilled in the art all language

bR INTS

such as “up to,” “at least,” and the like include the number recited and refer to ranges which
can be subsequently broken down into subranges as discussed above. For example, “about
57, shall include the number 5. Finally, as will be understood by one skilled in the art, a
range includes each individual member. Thus, for example, a group having 1-3 cells refers to
groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups having 1,
2,73, 4, or 5 cells, and so forth.

[0070] For methods disclosed herein, such as methods of performing a procedure,
corresponding uses are also expressly contemplated. For example, for methods of performing
a procedure with an endoscopy system, endoscope, or stylet, corresponding uses of the
subject endoscopy system, endoscope, or stylet, for the procedure are also contemplated.

[0071] From the foregoing, it will be appreciated that various embodiments of the
present disclosure have been described herein for purposes of illustration, and that various
modifications may be made without departing from the scope and spirit of the present

disclosure. Accordingly, the various embodiments disclosed herein are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. An endoscopy system comprising:

a sheath comprising a lumen and an opening at a distal-most end of the sheath,
a distal portion of the sheath being deformable;

an image sensor disposed within the lumen of the distal portion of the sheath;

an illuminating element disposed within the lumen adjacent to the image
Sensor;

a working channel disposed within the lumen, the working channel
comprising a distensible portion that extends past at least a portion of the image
sensor; and

a piezoelectric element sized to fit within the working channel, the
piezoelectric element coupled to a working tip, the piezoelectric element configured
to move the working tip when electricity is applied to the piezoelectric element, the
working tip configured to puncture a tissue when the working tip is moved a result of
electricity being applied to the piezoelectric element.

2. The endoscopy system of claim 1, wherein the piezoelectric element is coupled
directly to the working tip.

3. The endoscopy system of claim 1, wherein the piezoelectric element comprises a
transducer and an intervening wire that couples the transducer to the working tip, the
transducer configured to move the working tip via the wire when electricity is applied to the
transducer.

4. The endoscopy system of claim 3, wherein the transducer is disposed distal of the
image sensor when the working tip extends distally beyond the opening at the distal-most end
of the sheath.

5. The endoscopy system of claim 3, wherein the transducer is disposed proximal of the
image sensor when the working tip extends distally beyond the opening at the distal-most end
of the sheath.

6. The endoscopy system of any one of the preceding claims, wherein the tissue

comprises bone.
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7. The endoscopy system of any one of the preceding claims, wherein the working tip
has a hardness of at least 6.5 on Mohr’s scale.

8. The endoscopy system of any one of the preceding claims, wherein the working tip
comprises a material selected from the group consisting of steel, tungsten, titanium, a shape
memory material (for example, nitinol), and plastic.

9. The endoscopy system of any one of the preceding claims, wherein the working tip is
adapted to perform a microfracture procedure on the tissue, the tissue comprising a bone of a
human patient.

10. An endoscopy system for performing a procedure on a connective tissue, the system
comprising:

a sheath comprising a lumen, a distal-most end of the sheath comprising an
opening, a distal portion of the sheath being deformable;

an image sensor disposed within the lumen of the distal portion of the sheath;

an illuminating element disposed within the lumen adjacent to the image
Sensor;

a working channel disposed within the lumen, the working channel
comprising a distensible portion that extends past at least a portion of the image
sensor; and

a hooked blade sized to fit within the working channel, the hooked blade
comprising a convex distal-facing surface and a concave proximal-facing cutting
surface, the convex distal-facing surface having a smoothness sufficient to
atraumatically distend the distensible portion of the working channel as the hooked

blade is advanced distally past the image sensor.

11. The endoscopy system of claim 10, wherein the connective tissue comprises a carpal
ligament.
12. The endoscopy system of any one of the claims 10 or 11, wherein the blade comprises

a material selected from the group consisting of steel, tungsten, titanium, a shape memory
material (for example, nitinol), and plastic.
13. The endoscopy system of any one of the claims 10-12, wherein the concave proximal-

facing cutting surface has a sharpness sufficient to incise the connective tissue.
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14. The endoscopy system of any one of the claims 10-13, wherein the working channel
proximal to the image sensor accommodates the hooked blade before the hooked blade is
advanced distally past the opening.
15. The endoscopy system of any one of the claims 10-14, wherein the hooked blade
deforms to a low-profile configuration when confined within the working channel.
16. The endoscopy system of any one of the claims 10-15, further comprising a means for
re-sheathing the hooked blade into the working channel without cutting the sheath.
17. A stylet configured to perform an arthroscopic procedure with an endoscopy system
that comprises a sheath comprising a lumen, a distal-most end of the sheath comprising an
opening, a distal portion of the sheath being deformable; an image sensor disposed within the
lumen of the distal portion of the sheath; an illuminating element disposed within the lumen
adjacent to the image sensor; and a working channel disposed within the lumen, the working
channel comprising a distensible portion that extends past at least a portion of the image
Sensor,

the stylet sized to fit within the working channel, and

the stylet having a rigidity sufficient to bend the distal portion of the sheath

when the stylet is advanced distally past at least a portion of the image sensor.

18. The stylet of claim 17, wherein the stylet is malleable and can be re-formed by a user.
19. The stylet of any one of claims 17 or 18, wherein the stylet can be re-formed by a user
without requiring a use of a tool.
20. The stylet of any one of claims 17-19, wherein the stylet, when received within the
working channel, extends through the sheath along with an operating channel that is sized to
receive a tissue-cutting tool.
21. The stylet of any one of claims 17-20, wherein a distal tip of the stylet is blunt and is
sized to prevent the distal tip of the stylet from exiting a distal end of the working channel.
22. The stylet of any one of claims 17-21, wherein the stylet comprises a material selected
from the group consisting of steel, tungsten, titanium, a shape memory material (for example,
nitinol), and polymeric material.
23. The endoscopy system or stylet of any one of the preceding claims, wherein the sheath

has a durometer value of between 20 and 70.
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24. The endoscopy system or stylet of any one of the preceding claims, wherein the
distensible portion of the working channel has a durometer value of between 20 and 70.
25. The endoscopy system or stylet of any one of the preceding claims, wherein the sheath
can deform from a low-profile configuration to a high-profile configuration, the sheath
having a first greatest outer diameter in the low-profile configuration and having a second
greatest outer diameter in the high-profile configuration, a ratio between first and second
greatest diameters being within a range of between 0.1 and 0.8.
26. The endoscopy system or stylet of any one of the preceding claims, wherein the
distensible portion of the working channel can deform from a low-profile configuration to a
high-profile configuration, the distensible portion of the working channel having a first
greatest outer diameter in the low-profile configuration and having a second greatest outer
diameter in the high-profile configuration, a ratio between first and second greatest outer
diameters being within a range of between 0.1 and 0.8.
27. The endoscopy system of claim 26, wherein a ratio of the first greatest outer diameter
to a greatest diameter of the image sensor is no more than about 1.4.
28. The endoscopy system of any one of the preceding claims, further comprising a ramp
that directs the working channel past the image sensor.
29. The endoscopy system of any one of the preceding claims, wherein a laser provides
light to the illuminating element.
30. The endoscopy system of claim 29, wherein the laser provides light to the
illuminating element via a single light guide fiber.
31. A method of performing a procedure with the endoscopy system of any one of claims
1-9, the method comprising:
introducing the endoscopy system through an incision in a skin of a patient to
reach the tissue of the patient, wherein said tissue is an internal tissue of the patient;
puncturing the tissue of the patient with the working tip; and
withdrawing the endoscopy system from the patient through the incision.
32. The method of claim 31, wherein the procedure is performed with a single endoscope,
said single endoscope comprising, consisting essentially of, or consisting of the endoscopy

system.
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33. The method of claim 31 or 32, wherein the procedure is performed through a single
incision.
34. A method of performing a procedure with the endoscopy system of any one of claims

10-16, the method comprising:
introducing the endoscopy system through an incision in a skin of a patient to
reach the connective tissue of the patient, wherein the connective tissue is an internal
tissue;
incising the connective tissue with the hooked blade; and
withdrawing the endoscopy system from the patient through the incision.
35. The method of claim 34, wherein the connective tissue is a carpal ligament, and wherein
the tissue is a carpal ligament.
36. The method of claim 34 or 35, wherein incising the connective tissue comprises severing
the connective tissue into at least two discrete parts.
37. The method of any one of claims 34-36, wherein the procedure is performed with a
single endoscope.
38. The method of any one of claims 34-37, wherein the procedure is performed through
a single incision.
39. A method of preparing the stylet of any one of claims 17-22 for use with an
arthroscopic procedure with the endoscopy system, the method comprising:
bending a distal portion of the stylet to a desired shape; and
inserting the distal portion of the stylet into the working channel of the endoscopy
system.
40. The method of claim 39, wherein bending is performed by hand.
41. The method of claim 40, wherein bending is performed without a use of a tool.
42. The method of any one of claims 39-41, wherein the stylet is inserted into the working
channel of the endoscopy system prior to inserting the endoscopy system into a patient.
43. The method of any one of claims 39-41, wherein the stylet is inserted into the working

channel of the endoscopy system after the endoscopy system has been inserted into a patient.
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44, The method of any one of claims 39-43, further comprising selecting the stylet from a
plurality of stylets, at least one of the plurality of stylets having a length or outer diameter
dimension that is different from that of the stylet that is selected.
45. The method of any one of claims 39-44, further comprising performing an
arthroscopic procedure with the stylet and endoscopy system, said arthroscopic procedure
comprising:

advancing the stylet within the working channel distally past at least a portion of the
distensible portion of the working channel; and

bending the sheath
46. A method of performing an arthroscopic procedure with the stylet of any one of
claims 17-22, the method comprising:

inserting the stylet into a proximal end of the working channel;

advancing the stylet within the working channel distally past at least a portion of the
distensible portion of the working channel; and

bending the sheath.
47. The method of claim 46, wherein bending the sheath changes a field illuminated by
the illuminating element.
48. The method of claim 46, wherein bending the sheath changes a range accessible by a
tool extending distally through the opening of the sheath.
49. The method of any one of claims 46-48, further comprising bending a distal portion of
the stylet to a desired shape prior to inserting the stylet into a proximal end of the working

channel.
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