woO 2025/049549 A1 | NI 00000 KRN0 Y 0 A0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
06 March 2025 (06.03.2025)

(10) International Publication Number

WO 2025/049549 Al

WIPO I PCT

(51) International Patent Classification:
A61IM 25/09 (2006.01)

(21) International Application Number:
PCT/US2024/044149

(22) International Filing Date:
28 August 2024 (28.08.2024)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

63/535,777 31 August 2023 (31.08.2023) Us

(71) Applicants: BOSTON SCIENTIFIC SCIMED, INC.
[US/US], One Scimed Place, Maple Grove, Minnesota
55311 (US). BOSTON SCIENTIFIC MEDICAL DE-
VICE LIMITED [IE/IE], Ballybrit Business Park, Galway
(IE).

(72) Inventors: SHARMA, Deepak Kumar; 112/7 State
Bank Colony, Muzaffarnafar, Uttar Pradesh 251001 (IN).
FAVREAU, John Thomas, 121 Oxford Road, Charlton,
Massachusetts 01507 (US). G, Sharath Kumar, Sree Bal-
aji Nilaya, SLN Road, JC Extension, Karnataka, Kanaka-
pura 562117 (IN). ORTIZ GARCIA, Juan Pablo; 1,5 km

no del salon parroquial, Concepcion, Heredia, San Isidro

(74)

@81)

84

(CR). GAFFNEY, Brian; 12 Cameron Drive, Rutland,
Massachusetts 01543 (US). RAUT, Shrikant Vasant; Vil-
lage Kelthan, Tehsil Wada, Dist-Thane, Post-Vajreshwari,
Mumbai, Maharashtra 401204 (IN).

Agent: BOOKOFF, Leslie et al.; 2000 Pennsylvania Av-
enue NW, Suite 4001, Washington, District of Columbia
20006 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR, HU, ID, IL, IN, IQ, IR, IS, IT, M, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

(54) Title: STEERABLE GUIDE WIRE SYSTEMS FOR MEDICAL DEVICES

(57) Abstract: A steerable medical device 102 includes a first wire 104 and
a second wire 106. The first wire includes a first portion having a first width

device.

FIG. 7B

and a second portion having a second width. The second width is smaller than
the first width. A distal end of the first wire is fixed relative to a distal end the
second wire. A proximal end of one or more of the first wire or the second wire
is moveable distally or proximally with respect to the other of the first wire
or the second wire in order to bend a distal portion of the steerable medical

[Continued on next page]



WO 2025/049549 A | [I10] 0000000 OO 0 0 00O

DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2025/049549 PCT/US2024/044149

STEERABLE GUIDE WIRE SYSTEMS FOR MEDICAL DEVICES AND RELATED
METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. Provisional Application
No. 63/535,777, filed on August 31, 2023, which is incorporated by reference herein

in its entirety.
TECHNICAL FIELD

[0002] Aspects of this disclosure generally relate to medical devices and related

methods. In particular, aspects of this disclosure relate to steerable guide wires and
methods of using same.
BACKGROUND

[0003] Sphincterotomy is a surgical procedure involving the incision or division of

a sphincter muscle, commonly performed in the gastrointestinal tract, urinary system,
or other areas where sphincter muscles are present. This technique is employed to
relieve obstructions, remove stones or foreign bodies, treat strictures, and enable
better access for endoscopic procedures. For example, endoscopic retrograde
cholangiopancreatography (ERCP) may include performing a sphincerotomy of the
papilla of Vater and navigating a guide wire into the bile duct and/or the pancreatic
duct. Currently, sphincterotomy is typically performed using rigid or semi-rigid tomes
and/or guide wires, which may present challenges in terms of precise navigation and
control within the complex anatomical structures.

[0004] Existing guide wires lack the necessary flexibility and steerability required
to negotiate tortuous paths and tight angles encountered during sphincterotomy
procedures. These limitations can lead to increased procedural difficulties, prolonged
intervention times, and potential complications. There is a need for an improved
guide wire that combines enhanced maneuverability with the necessary structural
integrity to ensure optimal performance in a variety of clinical scenarios.

SUMMARY

[0005] Examples of this disclosure relate to, among other things, a steerable
medical device including a first wire and a second wire. The first wire may include a
first portion having a first width and a second portion having a second width. The
second width may be smaller than the first width. A distal end of the first wire may

be fixed relative to a distal end the second wire. A proximal end of one or more of
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the first wire or the second wire may be moveable distally or proximally with respect
to the other of the first wire or the second wire in order to bend a distal portion of the
steerable medical device.

[0006] Any of the devices disclosed herein may include any of the following
features, alone or in any combination.

[0007] In other embodiments of the steerable medical device, the first portion may
have a D-shaped cross-section or a round cross section.

[0008] In other embodiments of the steerable medical device, a central
longitudinal axis of the first portion is offset from a central longitudinal axis of the
second portion.

[0009] In other embodiments of the steerable medical device, the second wire
may include a third portion having a third width and a fourth portion having a fourth
width. The fourth width may be smaller than the third width.

[0010] In other embodiments of the steerable medical device, a flat surface of the
first portion may face a flat surface of the third portion.

[0011] In other embodiments of the steerable medical device, a flat wire may be
positioned between the flat surface of the first portion and the flat surface of the third
portion.

[0012] In other embodiments of the steerable medical device, the first portion, the
second portion, and the third portion may be covered by a coating or a sheath. The
fourth portion may be uncovered by the coating or the sheath.

[0013] In other embodiments of the steerable medical device, the second wire
may have a uniform width along an entire length of the second wire.

[0014] In other embodiments of the steerable medical device, the first wire may
further include a third portion having a third width. The second width may be smaller
than the third width.

[0015] In other embodiments of the steerable medical device, the second portion
may be between the first portion and the third portion.

[0016] In other embodiments of the steerable medical device, the first width may
be approximately the same as the third width.

[0017] In other embodiments of the steerable medical device, the first wire may

include a tapered portion tapering between the first width and the second width.
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[0018] Other embodiments of the steerable medical device may include a handle
having an actuator that is configured to move a proximal end of the first wire.

[0019] In other embodiments of the steerable medical device, a proximal end of
the second wire may be fixed relative to the handle.

[0020] In other embodiments of the steerable medical device, the actuator may
be configured to transition between a first configuration, in which the actuator is
disengaged from the first wire, and a second configuration, in which the actuator is
engaged with the first wire.

[0021] In yet other embodiments, a steerable medical device may include a first
wire; and a second wire. The first wire may include a first portion having a first width
and a second portion having a second width. The second width may be smaller than
the first width. A distance between the first portion of the first wire and the second
wire may be smaller than a distance between the second portion of the first wire and
the second wire. One or more of the first wire or the second wire may be moveable
distally or proximally with respect to the other of the first wire or the second wire in
order to bend a distal portion of the steerable medical device.

[0022] Any of the medical devices disclosed herein may include any of the
following features, alone or in any combination.

[0023] In yet other embodiments of the steerable medical device, the second wire
may include a third portion having a third width and a fourth portion having a fourth
width. The fourth width may be smaller than the third width. A central longitudinal
axis of the third portion may be offset from a central longitudinal axis of the fourth
portion.

[0024] In still yet other embodiments, a steerable medical device may include a
first wire and a second wire. A cross-sectional width of the first wire may vary along
a length of the first wire such that a distance between the first wire and the second
wire varies. A proximal end of one or more of the first wire or the second wire may
be moveable distally or proximally with respect to the other of the first wire or the
second wire in order to bend a distal portion of the steerable medical device.

[0025] Any of the medical devices disclosed herein may include any of the
following features, alone or in any combination.

[0026] In still yet other embodiments of the steerable medical device, a cross-

sectional width of the second wire may vary along a length of the second wire.
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[0027] In still yet other embodiments of the steerable medical device, a central
longitudinal axis of a first portion of the first wire and a central longitudinal axis of a
second portion of the first wire may be concentric and the central longitudinal axis of
the first wire is offset from a combined central longitudinal axis of the first wire and
the second wire.

[0028] It may be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not
restrictive of the disclosure, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are incorporated in and constitute a

part of this specification, illustrate exemplary aspects of the present disclosure and
together with the description, serve to explain the principles of the disclosure.

[0030] FIG. 1 illustrates a distal portion of a guide wire system for an exemplary
medical device, according to aspects of this disclosure.

[0031] FIG. 2 illustrates additional details of embodiments of the guide wire
system of FIG. 1.

[0032] FIG. 3 illustrates additional details of embodiments of the guide wire
system of FIG. 1.

[0033] FIG. 4 illustrates further details of embodiments of the guide wire system
of FIG. 1.

[0034] FIG. 5 illustrates further details of embodiments of the guide wire system
of FIG. 1.

[0035] FIG. 6 illustrates further details of embodiments of the guide wire system
of FIG. 1.

[0036] FIGS. 7A-7D illustrate another embodiment of a guide wire system.

[0037] FIGS. 8 and 9 illustrate yet another embodiment of a guide wire system.

[0038] FIG. 10 illustrates yet another embodiment of a guide wire system.

[0039] FIG. 11 illustrates yet another embodiment of a guide wire system.

[0040] FIGS. 12A and 12B illustrate yet another embodiment of a guide wire
system.

[0041] FIG. 13 illustrates yet another embodiment of a guide wire system.

[0042] FIGS. 14-17 illustrate a handle assembly and specific aspects thereof for

controlling a guide wire system such as the guide wire system of FIG. 1.
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DETAILED DESCRIPTION

[0043] Examples of this disclosure include devices and methods for a steerable

guide wire specifically designed for sphincterotomy procedures. This guide wire
incorporates advanced materials, construction techniques, and control mechanisms
to enable precise and controlled navigation within the target anatomical structures.
The unique design allows for increased maneuverability through tortuous paths,
enabling performance of sphincterotomies with increased accuracy, safety, and
efficiency. It is to be noted, however, that the scope of subject matter of this
application is defined by the features listed in the claims, and not an ability to rectify
any particular deficiency.

[0044] Reference will now be made in detail to examples of this disclosure
described above and illustrated in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the drawings to refer to the
same or like parts.

[0045] The terms “proximal” and “distal” are used herein to refer to the relative
positions of the components of an exemplary medical device. When used herein,
“proximal’ refers to a position relatively closer to the exterior of the body of a subject
or closer to a user, such as a medical professional, holding or otherwise using the
medical device. In contrast, “distal’ refers to a position relatively further away from
the medical professional or other user holding or otherwise using the medical device,
or closer to the interior of the subject’s body. As used herein, the terms “comprises,”
‘comprising,” “has,” “having,” “includes,” “including,” or other variations thereof, are
intended to cover a non-exclusive inclusion, such that a device or method that
comprises a list of elements does not include only those elements, but may include
other elements not expressly listed or inherent thereto. Unless stated otherwise, the
term “exemplary” is used in the sense of “example” rather than “ideal.” As used
herein, the terms “about,” “substantially,” and “approximately,” indicate a range of
values within +/- 10% of a stated value.

[0046] FIG. 1 shows a portion of a steerable guide wire system 102 (or just “guide
wire system 102”) having a steerable distal tip section 103 that is formed from a first
wire 104 and a second wire 106. Although the term “system” is used herein with
respect to guide wire system 102, it will be appreciated that guide wire system 102

may be a single medical device. The first wire 104 and the second wire 106 may be
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counter-disposed D-shaped wires with an eccentric section 108, 110 in each wire.
The eccentric sections 108, 110 may be lengths of the wire with a width that varies
along the length and may form a space 105 between the first wire 104 and the
second wire 106 that enables relative motion between the wires. The relative motion
may be caused by a user (e.g., a physician or other medical device operator)
causing one of the first wire 104 or the second wire 106 to move longitudinally with
respect to the other, causing the guide wire system 102 to move/articulate left and
right (as indicated by arrows 12, 14) within a lumen or other portion of the anatomy
of a patient (e.g., gastrointestinal lumen, a urologic lumen, a vein, etc.) The guide
wire system is explained in greater detail with respect to FIGS. 1-6.

[0047]1 FIG. 1 shows a distal tip 112 at a distal end 114 of the guide wire system
102. The guide wire system 102 also has a proximal portion 116 at an opposite end
of the guide wire system 102 that may be attached to one or more operating
assemblies (e.g., a handle assembly as explained in greater detail herein). Motion of
the guide wire system 102, including relative motion between the first wire 104 and
the second wire 106 may generally be enacted at the proximal end(e.g., a most
proximal end of the proximal portion 116) of the guide wire system 102. Aspects of a
handle assembly 200, which may be used to control guide wire system 102, are
otherwise described herein.

[0048] FIGS. 2 and 3 show the first wire 104 in isolation. Any of the features
described below, with respect to first wire 104, may also apply to second wire 106.
Unless otherwise specified, the same reference numbers apply to first wire 104 as to
second wire 106. As mentioned above, the first wire 104 may include generally D-
shaped portions (head 122 and proximal portion 123) having a flat face 121 with a
rounded outer surface 125. At head 122 and proximal portion 123, a cross-section of
wire 104 that is perpendicular to a longitudinal axis of wire 104 may have an
approximately D-shape. In some examples, a cross-sectional shape of outer surface
125 may be approximately semi-circular. In other words, head 122 and proximal
portion 123 may be similar to a typical round wire divided in half along a center of the
round wire.

[0049] Wire 104 may include the eccentric section 110 near the distal end 107 of
the first wire 104. The eccentric section 110 may end with sufficient length between

the distal end of the eccentric section 110 and the distal end 107 of the first wire 104
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to form the head 122 at the distal end 107 of the first wire 104. In some
embodiments, the head 122 may be between approximately 0.1-3.0 mm in length,
between approximately 0.1-10.0 mm in length, or another length. In some
embodiments, the eccentric section 110 may be removed by cutting, scraping,
grinding, or otherwise removing portions of first wire 104. For example, an entirety of
first wire 104 may have a D shape, as described above, prior to formation of
eccentric section 110. In some embodiments, the eccentric section can be removed
by laser cutting, grinding, or, the wire may be drawn or formed by wire electrical
discharge machining into the shape shown in FIG. 3. In other examples, first wire
104, including eccentric section 110, may be formed via additive manufacturing. For
example, in some embodiments, one or more portions of the wire 104 may be added
via metal 3D printing, laser welding, soldering, or gluing to connect the different sized
portions.

[0050] The eccentric section 110 may extend along one side of the first wire 104,
such as a side of the first wire 104 that is opposite to the face 121 (a portion of the
outer surface 125 that is furthest from the face 121). Thus, the eccentric section 110
may be offset from a central longitudinal axis of the first wire 104. In other words, a
central longitudinal axis of the eccentric section 110 may be parallel to but not
coaxial with the central longitudinal axis of the first wire 104. The flat face 121 of the
wire 104 may be cut away from the wire 104, leaving the eccentric section 110.

[0051] The eccentric section 110 may have an approximately flat shape in cross-
section. For example, the eccentric section 110 may have a ribbon shape. A length
of the eccentric section 110 may be approximately 10 mm to approximately 100 mm.
The eccentric section 110 may taper proximally to proximal portion 123, forming a
tapered portion 127. In some examples, the tapered portion 127 may linearly taper
from the eccentric section 110 to the proximal portion 123. The proximal portion 123
may have a same size and shape as the head 122 (e.g., a D-shape). The tapered
portion 127 may provide benefits with respect to stress relief for internal stresses
within the wire 104 as well as make manufacturing of the wire 104 less complicated.
Further, in some embodiments, the flexibility characteristics of the flexible portions of
the wire 104 can be gauged based on a size/shape of the tapered portion 127. For
example, different taper profiles may result in different bending profiles of wire 104

and may provide for a gradual change in radius of curvature. In some examples, the
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eccentric section 110 may have a uniform shape between a distal end of the tapered
portion 127 and a proximal end of the head 122.

[0052] In some embodiments, the second wire 106 may be substantially similar to
the first wire 104. When the guide wire system 102 is assembled, the second wire
106 and the first wire 104 may be positioned in a mirrored arrangement across a
central longitudinal axis of the guide wire system 102. Referring to FIGS. 1 and 4,
the flat faces 120, 121 of the first wire 104 and second wire 106 may face one
another at the heads 122 and the proximal portions 123 of the first wire 104 and the
second wire 106. The space 105 (a gap) may be formed between the first wire 104
and the second wire 106 along eccentric section 110 of the first wire 104 and an
eccentric section 108 of the second wire 106. The space 105 may be formed
because the flat faces 120, 121 of first wire 104 and second wire 106 have been
removed from the first wire along the eccentric sections 108, 110. The space 105
provides for relative motion between the first wire 104 and the second wire 106 along
the eccentric sections 108, 110, which enables the steerable distal tip section 103 to
move left and right to steer the guide wire system 102 as shown by arrows 12, 14
(FIG. 1), as discussed below.

[0053] As shown in FIG. 3, some embodiments of the guide wire system 102 may
include one or more coatings such as the coating 130 on surfaces of the first wire
104 and/or the second wire 106. For example, the eccentric sections 108, 110, the
flat face 121 of the first wire 104, the flat face 120 of the second wire 106, or one or
more other surfaces may be coated in a coating. For example, the flat face 121 of
the first wire 104 and the flat face 120 of the second wire 106 can have a tungsten
coating that increases flouro visibility during a medical procedure using the medical
device.

[0054] Referring to FIGS. 4-6, further aspects of the guide wire system 102 are
shown. FIG. 4 shows a portion of the first wire 104 and the second wire 106 at which
the wires may meet at the interface 124 between the flat surfaces at portions of the
guide wire system 102 that are proximal of the eccentric sections 108, 110 (e.g., the
proximal portion 116). In some embodiments, a flat wire 132 or other feature (e.g., a
spacer) can be situated between the first wire 104 and the second wire 106 with the
flat faces 120, 121 of each in contact with the flat wire 132. The flat wire 132 may be

formed of plastic such as a polyether block amide (PEBA), thermoplastic elastomer
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(TPE), polytetrafluoroethylene (PTFE), nylon, or other material. In some
embodiments, the flat wire 132 can be coated in a coating such as, Nitinol (nickel
titanium), MP35N, cobalt-chromium (CoCr), or be a stainless steel wire with a
polymer coating that may provide insulation. Sides of the flat wire 132 in contact with
the flat surfaces of the first wire 104 and the second wire 106 may have a lower
coefficient of friction as compared with the flat surfaces of the first wire 104 and the
second wire 106 in direct contact with one another. Additionally, portions of the flat
faces of the first wire 104 and the second wire 106 that are not in contact with the flat
wire 132 but are nevertheless separated by the space between the first wire 104 and
the second wire 106 that the flat wire 132 creates may benefit from additional space
between the flat surfaces due to incorporation of the flat wire 132. Accordingly,
incorporation of the flat wire 132 between the two portions of the guide wire system
102 may enable better motion between the two wires, thus enabling better control of
the steerable distal tip section 103 of the guide wire system 102, improving its
maneuverability. Additionally, the flat wire 132 may provide insulation between the
two wires, which may be advantageous in embodiments in which one or more of the
wires is electrified as explained in greater detail herein.

[0055] Referring to FIG. 5, portions of the guide wire system 102 may be wrapped
with a sheath 134. For example, portions of the first wire 104 and the second wire
106 may be wrapped in the sheath 134. The sheath 134 can be made from PTFE,
polyether block amide (PEBA), silicon, nylon, fluoropolymers (e.g., PFA), other
elastomers (ChronoSil, etc.), or other materials. For example, the sheath 134 may
include a PTFE shrink-wrap with a silicon coating. In some examples, portions of
sheath 134 (e.g., portions formed from PTFE and/or another polymer) may be
braided and/or woven The sheath 134 may be heat shrunk onto the guide wire
system 102 and may provide electrical and thermal insulation, as well as physical
support for keeping the two wires 104, 106 in appropriate positions, improving
steerability and performance of the guide wire system 102.

[0056] Referring to FIG. 6, the guide wire system 102 is shown with a proximal
sheath 134 and a distal sheath 136. The distal sheath 136 may be formed from one
or more different materials or otherwise have distinct properties than the proximal
sheath 134. The distal sheath 136 may surround at least portions of the steerable

distal tip section 103 of the guide wire system 102. The distal sheath 136 can keep
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the first wire 104 and second wire 106 (which it generally surrounds and hence are
not shown in FIG. 6) in a desired position (e.g., may constrain the wires 104, 106 to
be within a diameter/width of the sheath 136) as the steerable distal tip section 103
moves left and right to guide the guide wire system 102. In embodiments, the distal
sheath 136 may prevent unwanted disjointed bowing between portions of the first
wire 104 and portions of the second wire 106 (e.g., between the eccentric sections
108, 110) and may provide thermal and electrical insulation. The sheath 134 and/or
the distal sheath 136 may have a variable stiffness along their respective lengths,
giving a variable flexibility to the guide wire system 102. In some examples, the
sheath 136 may have a relatively lower durometer than the sheath 134, such that the
distal tip section 103 may be more flexible than proximal portions of the guide wire
system 102. This increased flexibility of the distal tip section 103 may help to allow
the distal tip section 103 to articulate (e.g., along the eccentric sections 108, 110).

[0057] Referring to FIGS. 1 and 6, in order to articulate the distal tip section 103,
one or both of the wires 104, 106 may be pulled proximally or otherwise tensioned.
This may change a relative length of the wires 104, 106 within the sheaths 134, 136.
For example, in a neutral configuration of the guide wire system 102, the lengths of
the wires 104, 106 may be the same or approximately the same. When one of the
wires 104, 106 is moved proximally at its proximal end, that wire may be relatively
shorter than the other of the wires 104, 106. By way of example, the wire 104 may
be moved proximally (tensioned) relative to the wire 106. This may cause the guide
wire system 102 to bend in the direction shown by arrow 14 of FIG. 1 (as shown by
guide wire system 102” of FIG. 6). The guide wire system 102 may bend at a
location of eccentric sections 108, 110, because the wires 104, 106 may be more
flexible at the eccentric sections 108, 110 than at other portions of the wires 104,
106. Similarly, the wire 106 may be pulled proximally (tensioned) relative to the wire
104, so as to cause bending in the direction shown by arrow 12 of FIG. 1 (as shown
by guide wire system 102’ of FIG. 6). Alternatively, only one of the wires 104, 106
may be movable. In such an example, the wire 104 or 106 may be movable
proximally to articulate/bend the distal tip section 103 in one direction shown by
arrow 12 or arrow 14 and may be movable distally to articulate/bend the distal tip
section 103 in the other direction shown by arrow 12 or arrow 14. A relative

shortening or lengthening of wires 104, 106 with respect to one another may
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articulate the distal tip section 103. Thus, the guide wire system 102 may be
steerable. The steerability of the guide wire system 102 may be beneficial for, for
example, gaining access to different ducts of the pancreatico-biliary tree.

[0058] FIGS. 7A-7D show an embodiment of a guide wire system 300 with a first
wire 302 and a second wire 304 joined at a distal tip section 303 and having a space
305 between the first wire 302 and the second wire 304. Unless otherwise
specifically noted herein, the first wire 302 and the second wire 304 can have any
properties, features, and functionality of the other wires mentioned herein. The first
wire 302 and the second wire 304 can be surrounded by an outer sheath 334 and an
inner sheath 336. Unless otherwise specifically noted herein, the outer sheath 334
and the inner sheath 336 can have any properties, features, and functionality of the
other sheaths mentioned herein.

[0059] The outer sheath 334 can be moved longitudinally with respect to the
length of the first wire 302 and the second wire 304 and portions of the outer sheath
334 can have different characteristics along its length. For example, with particular
reference to FIGS. 7C and 7D, the outer sheath 334 can have a high stiffness
section 334a and a low stiffness section 334b. Longitudinal movement of the outer
sheath 334 can uncover or cover portions of the first wire 302 and the second wire
304 and/or move the sections of variable stiffness with respect to the first wire 302
and the second wire 304. Moving the outer sheath 334, thus, can affect the
steerability of the guide wire system 300 by affecting the relative force required to
bend the guide wire system at its steerable distal end. For example, moving the
outer sheath 334 with respect to the space 305 between the first wire 302 and the
second wire 304 can affect movement of the wire. Moving the outer sheath 334 such
that it is no longer around the space 305 or such that a length of the outer sheath
334 with a lower stiffness surrounds the space 305 can make it easier for the
steerable wire system 300 to move (i.e., can enable the guide wire system 300 to
develop relative distal and proximal movement between the first wire 302 and the
second wire 304 as explained herein with respect to embodiments of the guide wire
system 102). In other embodiments, the durometer o the outer sheath 334 may be
sufficiently low (i.e., the outer sheath 334 may be sufficiently pliable) at one or more

of its portions such that relative motion between the first wire 302 and the second
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wire 304 is possible while the outer sheath surrounds some or all of the first wire 302
and the second wire 304 at the space 305.

[0060] Still referring to FIGS. 7A-7D, the inner sheath 336 can be an insulating
sheath that insulates one or more of the first wire 302 and the second wire 304. The
inner sheath 336 may surround all or a portion of the first wire 302 and the second
wire 304. As shown in FIGS. 7A and 7B in particular, some portions of the second
wire 304 can be exposed from the inner sheath 336, for example, an exposed
portion 307. In embodiments, one or more of the first wire 302 and the second wire
304 may be electrified, heated, or otherwise be capable of creating a cut in flesh.
With the outer sheath 334 retracted proximally, when a user pushes distally on the
first wire 302 or pulls proximally on the second wire 304, the exposed portion 307
may extend away from the first wire 302 due to the relative motion between the
wires. The exposed portion 307 of the second wire 304 can act as a tome or knife to
cut tissue in a subject.

[0061] In order to prevent the second wire 304 from extending away from the first
wire 302 when relative longitudinal motion between the two wires is imparted, a user
can push the outer sheath 334 distally to surround the first wire 302 and the second
wire 304 while relative longitudinal motion between the two wires is developed. This
may prevent the second wire 304 from extending away from the first wire 302 and
prevent the exposed portion 307 from acting as a tome or knife.

[0062] FIGS. 8 and 9 show another embodiment of a guide wire system 140. The
guide wire system 140 may include any of the features of the guide wire system 102,
unless otherwise specified herein. The guide wire system 140 includes a
coated/sheathed wire 142 coated in a coating 145 and an uncoated wire 144
separated by an eccentric portion 147, where the wires 142, 144 are not coupled
together. Although the terms “coated” and “uncoated” are used herein, it will be
appreciated that portions of the coated wire 142 may be uncoated, and portions of
the uncoated wire 144 may be coated, as described below. The wires 142, 144 may
have any of the features of the wires 104, 106, discussed above. For example, in
some embodiments the wires 142, 144 may have substantially D-shaped heads
(similar to the D-shaped head 122 of FIG. 1 and having any of its properties) and
proximal portions (having any of the properties of the proximal portions 123), with an

eccentric portion (having any of the properties of eccentric sections 108, 110)
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extending between the heads and proximal portions. The eccentric portion of the
wire 142 may not be visible in FIGS. 8 and 9 because it is covered by the coating
145. In other embodiments, the coated wire 142 and/or the uncoated wire 144 may
be substantially flat wires.

[0063] The uncoated wire 144 may be partially coated along with the coated wire
142 along a portion of a length of uncoated wire 144, and may be exposed from the
coating 145 distally of a slit 141 or opening in the coating 145. In some examples,
the coating 145 may be disposed on proximal portions of the wires 142, 144 and
may join them together as described above for the guide wire system 102. The
coating 145 may extend distally along the coated wire 142 but may terminate along a
length of the uncoated wire 144 allowing the uncoated wire 144 to move with respect
to the coated wire 142. The interface 146 of the wires 142, 144 may be uncoated
and the wires 142, 144 may be coupled to one another at the interface, as described
above.

[0064] The coating 145 on the coated wire 142 may be PTFE, silicon, PEBA,
parylene, or another material. In embodiments, the coating can be heat shrunk onto
the wire(s). The coated wire 142 and the uncoated wire 144 may be welded together
or otherwise joined at the interface 146. Similar to the wires 104, 106, the uncoated
wire 144 and the coated wire 142 may be moveable with respect to one another
such that one or the other can be pulled in the proximal direction or pushed in the
distal direction to steer the guide wire system 140. For example, as shown in FIG. 9,
the uncoated wire 144 may be pulled proximally/tensioned, so that it is relatively
shortened with respect to the coated wire 142. This may cause a distal end 143 of
the guide wire system 140 to bow/articulate in a direction toward a side of the guide
wire system 140 having the uncoated wire 144. The uncoated wire 144 may
alternatively be moved distally, so that it is relatively lengthened with respect to the
coated wire 142. This may cause the distal end 143 to bow/articulate in the opposite
direction (toward a side of the guide wire system 140 having the coated wire 142).

[0065] Because the uncoated wire 144 is not coupled to the coated wire 142
along the eccentric portion 147, the uncoated wire 144 may separate from the
coated wire 142 at the eccentric portion 147, creating a gap between the uncoated
wire 144 and the coated wire 142. The bowed, uncoated wire 144 may be similar to

a wire of a tome that is used in order to perform a sphincterotomy. In embodiments,
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the uncoated wire 144 can be electrified (e.g., using a cautery current) and/or heated
in order to perform sphincterotomies in a patient.

[0066] FIG. 10 shows a guide wire system 150 including a first wire 152 and a
second wire 154. The first wire 152 may be a flat wire (e.g., a wire that has a uniform
diameter or a uniform width along an entire length of the wire) and the second wire
154 may be a wire with similar characteristics as the first wire 104 and/or the second
wire 106 of FIG. 1. In some examples, the first wire 152 may have a round cross-
sectional shape. In other examples, the first wire 152 may have a flattened cross-
sectional shape, so that the first wire 152 has a ribbon-like shape.

[0067] The first wire 152 may be coupled to the second wire 154 at an interface
156, which may be at a head 151 (having any of the properties of head 122) of the
first wire 152 and a distal end/portion of the second wire 154. A length of a portion of
wires 152, 154 that are coupled to one another may be sufficient so as to provide
sufficient strength to the guide wire system 150, while allowing for articulation of the
guide wire system 150 sufficiently close to a distal end 159 of the guide wire system
150, as described below.

[0068] Similarly to the wires 104, 106, the second wire 154 may include a
tapered portion 153. The tapered portion 153 may taper from a proximal portion 158
of the second wire 154 to an eccentric portion 165 along a taper distance 155. A
space 157 may be formed between the first wire 152 and the second wire 154 along
the eccentric portion 165 and the tapered portion 153. The space 157 may be
formed because the second wire 154 may extend along the flat face 158a of the
proximal portion 158 and the head 151 of the first wire 152, and the second wire 154
may be substantially taught, so that it does not sag within the space 157.

[0069] Although not depicted, it will be appreciated that the guide wire system
150 may include any of the sheaths/coatings discussed above. For example, the first
wire 152 may include an uncoated portion along eccentric portion 165, similarly to
the uncoated wire 144. The guide wire system 150 may further include any of the
actuation mechanisms described above. In some examples, a proximal end of the
first wire 152 may be moved proximally (pulled or tensioned) or moved distally
(pushed or de-tensioned) in order to articulate the guide wire system 150, as

described above for the previous guide wire systems.
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[0070] FIG. 11 shows another embodiment of a guide wire system 160. The guide
wire system 160 includes a first wire 164 and a second wire 166 separated by a
spacer 168. The first wire 164 and the second wire 166 may be flat wires that meet
at an interface 163, and at the interface 163 may effectively become a single wire
161. Alternatively, the wires 164, 166 may be a single wire that has a bent/looped
distal end in place of interface 163. The first wire 164 and the second wire 166 may
include a generally flat cross-section, such that the wires 164, 166 have generally
ribbon shapes. In some examples, the wires may 164, 166 may be formed as a
material such as Nitinol (nickel titanium). The spacer 168 may be constructed of any
suitable material such as, for instance, a copper, plastic, stainless steel, Nitinol
coated with silicon, plastic such as PTFE, nylon, or another material.

[0071] The spacer 168 may be generally cylindrical and may include a plurality of
wire guide mechanisms 169, which may each include wire guides 169a, 169b. The
wire guides 169a, 169b may be protrusions that extend radially outward from the
spacer 168. The wire guides 169a, 169b may be spaced apart by a distance that is
slightly larger than a width of the wires 164, 166. The wires 164, 166 may be slidably
received between the wire guides 169a, 169b. The spacer 168 may include two
columns of wire guide mechanisms 169 - one for each of the respective wires 164,
166. The wire guide mechanisms 169 of each column may be arranged longitudinally
along an outer surface of the spacer 168, such that a line drawn along a column of
the wire guide mechanisms 169 may form a straight line. Any suitable number of the
wire guide mechanisms 169 may be utilized.

[0072] The wire guide mechanisms 169 may keep the first wire 164 and the
second wire 166 positioned appropriately with respect to one another and the spacer
168. For example, the first wire 164 and the second wire 166 may be kept at
generally opposite sides of the spacer 168 (diametrically opposed to one another).
Because the wire guide mechanisms 169 may be arranged longitudinally along the
spacer 168, the wires 164, 166 may also be positioned longitudinally along the
spacer 168. The wire guides 169a, 169b can be positioned along any portion of the
length of the spacer 168. The spacer 168 may have a distal end that is far enough
away from the interface 163 such that the first wire 164 and the second wire 166
may move longitudinally with respect to one another, providing a bending capability

to the two wires and hence a steering capability to the guide wire system 160.
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[0073] The wires 164, 166 may be moved proximally and/or distally in order to
articulate the guide wire system 160. In some examples, both of the wires 164, 166
may be actively moved; in other examples, only one of the wires 164, 166 may be
actively moved. Because of the spacer 168, the wires 164, 166 may be offset from a
central longitudinal axis of the guide wire system 160 (which may be a central
longitudinal axis of the spacer 168). Thus, pushing/pulling on the wires 164, 166 may
generate a torque that deflects/articulates the guide wire system 160. In some
example, the guide wire system 160 may be bendable distal to a distal end of the
spacer 168. In other examples, the spacer 168 may be sufficiently flexible (and/or
may include features such as slits or the like), such that the guide wire system 160
may be steerable at portions of the guide wire system 160 having the spacer 168.

[0074] In some embodiments, the spacer 168 may be longitudinally moveable
with respect to the interface 163 (that is, the longitudinal distance between a distal
end of the spacer and the interface 163 can increase or decrease) to change a
bending radius of the guide wire system 160. A user may push or pull the spacer 168
and/or jointly push or pull the first wire 164 and/or the second wire 166 to change the
distance between the interface 163 and an end of the spacer 168. When a distance
between the spacer 168 and the interface 163 is relatively smaller, a bending radius
of the guide wire system 160 may be relatively smaller. When a distance between
the spacer 168 and the interface is relatively larger, a bending radius of the guide
wire system 160 may be relatively larger.

[0075] A sheath 162 may surround all or a portion of the other components of the
guide wire system 160. The sheath 162 may have a variable stiffness along its
length, which variable stiffness can add a dimension of control to the location and
degree of bend of the guide wire system 160. For example, a portion of the sheath
with an increased stiffness may be less bendable than a portion of the sheath 162
with a reduced stiffness. Portions of increased or decreased relative stiffness can be
moved forward or backward or joined together along a length of the sheath 162 to
control the capability of motion of the guide wire system 160.

[0076] FIGS. 12A and 12B show aspects of yet another embodiment of a guide
wire system 170. The guide wire system 170 is formed from a first wire 172a and a
second wire 172b that are surrounded by a sheath 171 and joined at a common end

178. The common end 178 can be a welded end piece that is welded at a distal end
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173 of the guide wire system 170, joining both the first guide wire 172a and the
second guide wire 172b. The distal end 173 may be opposite a proximal end 175 of
the guide wire system 170.

[0077]1 FIG. 12B shows a wire 172. Wire 172 may be used as the first wire 172a
and as the second wire 172b. The wire 172 may have a tapering portion 174 that
tapers towards an end portion 176 at a distal end of the wire 172. The end portion
176, distal of the tapering portion 174, may have an approximately uniform
diameter/width. A proximal portion 177 of the wire 172, proximal of the tapering
portion 174, may also have an approximately uniform diameter/width. The
diameter/width of the proximal portion 177 may be larger than the diameter/width of
the end portion 176, and the tapering portion 174 may taper from the larger width of
the proximal portion 177 to the smaller width of the end portion 176. The tapering
portion 174 may taper symmetrically, such that a central longitudinal axis of the
tapering portion and the end portion 176 is coaxial with a central longitudinal axis of
the proximal portion 177. Alternatively, the tapering portion 174 may taper
eccentrically, such that an angle of the taper of the tapering portion 174 differs
around a circumference of the tapering portion 174.

[0078] The first wire 172a and the second wire 172b may include tapering
portions 174a, 174b that correspond to the tapering portions 174. The first wire 172a
and the second wire 172b may similarly include end portions 176a, 176b and
proximal portions 177a, 177b that correspond to the end portion 176 and the
proximal portion 177, respectively. The proximal portions 177a, 177b may be
adjacent to one another, and the tapering portions 174a, 174b and end portions
176a, 176b may be spaced apart from one another, such that there is a gap between
portions of the wires 172a, 172b distal of proximal ends of the tapering portions
174a, 174b. In embodiments, one or more of the various portions may be concentric
with one or more of the others. The common end 178 may be a piece that extends
approximately perpendicularly to a central longitudinal axis of the guide wire system
170, such that it joins distalmost ends of the end portions 176a, 176b.

[0079] Thus, the first wire 172a and the second wire 172b may each be offset
(e.q., parallel to but not coaxial with) a central longitudinal axis of the guide wire
system 170. The space between the first wire 172a and the second wire 172b may

be such that they can move with respect to one another, controlling the motion of the
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guide wire system 170. For example, the first wire 172a and/or the second wire 172b
may be moved proximally or distally (tensioned or detensioned) in order to articulate
the guide wire system 170, similarly to the other guide wire systems described
above.

[0080] The sheath 171 may have a variable stiffness along its length such that
portions of the sheath 171 are more flexible than others. Hence, the sheath 171 can
modulate the flexibility of the guide wire system 170 as it is used to steer left or right
in the anatomy of subject.

[0081] FIG. 13 shows a guide wire system 180 that includes a wire 172 (having
any of the properties of wire 172 of FIG. 12B) and a flat wire 182. The flat wire 182
may have any of the properties of the flat wires 142, 144 described above. The flat
wire 182 may have a flat cross-sectional shape, such that the wire 182 has a ribbon
shape. The wire 172 and the flat wire 182 may be coupled by an end piece 184
having any of the properties of the common end 178. The end piece 184 may be
welded or otherwise coupled to the wire 172 and the flat wire 182 at a distal end 181
of the guide wire system 180 that is opposite a proximal end 183 of the guide wire
system 180. Although not shown, a sheath (having any of the properties of the
sheath 171) may surround the wire 172 and the flat wire 182.

[0082] Along the proximal portion 177 of the wire 172, the flat wire 182 may be
adjacent to (e.g., in contact with) the wire 172. Along the tapering portion 174 and
the end portion 176, the flat wire 182 may be spaced apart from the wire 172. The
end piece 184 may maintain the space between the flat wire and the tapering portion
174 and the end portion 176 of the wire 172. The flat wire 182 may be sufficiently
taught and/or rigid, such that the space between the wire 172 and the flat wire 182 is
maintained.

[0083] In operation, the wire 172 may be moved proximally (pulled) and/or distally
(pushed), in order to shorten or lengthen a portion of the wire 172 within the sheath
(not shown) relative to the flat wire 182. Thus, the guide wire system 180 may
articulate, similarly to the guide wire system 150, described above.

[0084] FIGS. 14-17 show a handle assembly 200 for use with any of the various
guide wire systems described herein. Although the handle assembly 200 shown in
FIG. 14-17 is described with respect to a guide wire system with two opposing D-

shaped wires such as the guide wire system 102 described with respect to FIGS. 1-
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6, the principals of operation described with respect to the handle assembly 200
apply to the other embodiments described herein.

[0085] FIG. 14 shows the handle assembly 200 including a handle body 202. The
handle assembly 200 may include an actuator such as a slider or knob 204 that is
slideably connected to the handle body 202 inside a slot 214 of the handle body 202
and is configured to transition between one or more configurations. The handle body
202 may be threadably connected to a cap 206. D-shaped wires 208, 210 extend
distally out of a channel 212 in the cap 206. The channel 212 in the cap 206 may be
in communication with the lumen 213 in the handle body 202. Although not shown, a
sheath may surround the wires 208, 210, as described above.

[0086] FIG. 15 shows a cross-sectional view of the handle body 202. The cap 206
and the handle body 202 may be joined at a threaded portion 224 of the cap 206 and
a threaded portion 222 of the handle body 202. A collet 226 may be positioned within
a lumen 213 of the handle body 202, such that a distal portion 215 of the collet 226
extends through a distal opening of the lumen 213 and distal to a distalmost end of
the handle body 202. The distal portion 215 of the collet may be received within the
cap 206.

[0087] The channel 212 may be in communication with a channel 220 of the collet
226. The channel 220 and the channel 212 may be coaxial. One of the D-shaped
wires 208 may extend through the channel 212 and the channel 220 and be
moveable in a distal and proximal direction with respect to the collet 226 based on
movement of the knob 204, as explained in greater detail herein. The other of the D-
shaped wires 210 may extend through the channel 212 and may include a hypotube
welded or crimped thereto. When the cap 206 is screwed onto the handle body 202,
the cap 206 may compress the collet 226, thus gripping the hypotube around the
wire 210 and fixing the wire 210 relative to the collet 226. Alternatively, the wire 210
may be welded to a portion of the collet 226 or otherwise coupled to the handle
assembly 200 such that it is not moveable in a distal and proximal direction with
respect to the collet 226/handle body 202.

[0088] As shown in FIG. 15, the knob 204 can move back and forth (proximally
and distally) in the slot 214 as shown by arrow 230 and up and down (radially inward
and outward) within the slot 214 as shown by arrow 232 to disengage and engage
the D-shaped wire 208, as described below. Referring to FIGS. 15 and 16, the knob
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204 includes a gripper 216. The gripper 216 may have two walls 209, 211, which
may taper outward, as shown in FIG. 16. Knob 204 may include two walls 217, 219,
which may interact with the walls 209, 211 of the gripper 216 as the knob 204 is
pushed downward/radially inward, resulting in a wedge action on the gripper 216.
The walls 209, 211 of the knob 204 may push the walls 217, 219 toward one
another, so that they grip onto the wire 208.

[0089] When the knob 204 is moved to an active control position by a user (e.g.,
pressed down in the downward/radially inward direction of the arrow 232), the
gripper 216 and knob 204 may surround a proximal portion of the moveable D-
shaped wire 208 with a friction fit. Gripper 216 may not frictionally engage the D-
shaped wire 208 the D-shaped wire 210 until a user presses down on the knob 204.
Thus, any proximal/distal movement of the knob 204 without pushing down on knob
204 may not engage wire 208 (the knob 204 may move relative to the wire 208 when
the knob 204 is not pushed downward). Subsequently to pressing downward on the
knob 204, the knob 204 may be moved distally and proximally with respect to the
handle assembly 200, thereby moving the D-shaped wire 208 distally and proximally
with respect to the handle body 202.

[0090] Referring to FIGS. 15 and 16, because the D-shaped wire 210 is fixed to
the collet 226 or another portion of the handle assembly 200, its motion in the distal
and proximal directions is inhibited and, in embodiments, the D-shaped wire 210
does not move distally and proximally as the D-shaped wire 208 does. Hence,
movement of the knob 204 generates relative distal and proximal movement
between the D-shaped wire 208 and the D-shaped wire 210. This allows the guide
wire system 102 to articulate (e.g., left and right as shown by arrow 12 and arrow 14
of FIG. 1) based on the direction in which the user moves the knob 204. More
specifically, if the user moves the D-shaped wire 208 distally with respect to the D-
shaped wire 210 (i.e., moves the knob 204 distally toward the cap 206), the two-wire
system will tend to curl/bend away from the side of a shaft having the D-shaped wire
208. Conversely, if the user moves the D-shaped wire 208 proximally with respect to
the D-shaped wire 210 (i.e., moves the knob 204 away from the cap 206), the two-
wire system will tend to curl/bend towards the side of the device having the D-

shaped wire 208.
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[0091] FIG. 17 shows a port 228 in a proximal end of the handle body 202. The
port 228 can be used for, for example, loading one or more wires into the handle
assembly 200. For example, one or both of the D-shaped wires 208, 210 can be
loaded into the port 228 and pushed through the channel 220 in the collet 226 and
the channel 212 in the cap 206. Alternatively, the port 228 may be used for delivering
contrast or other agents.

[0092] Embodiments of the present disclosure may be applicable to various and
different medical or non-medical procedures. In addition, certain aspects of the
aforementioned embodiments may be selectively used in collaboration, or removed,
during practice, without departing from the scope of the disclosure.

[0093] While principles of this disclosure are described herein with reference to
illustrative aspects for particular applications, it should be understood that the
disclosure is not limited thereto. Those having ordinary skill in the art and access to
the teachings provided herein will recognize additional modifications, applications,
aspects, and substitution of equivalents all fall within the scope of the aspects
described herein. Accordingly, the disclosure is not to be considered as limited by

the foregoing description.
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CLAIMS

We claim:

1. A steerable medical device comprising:

a first wire; and

a second wire;

wherein the first wire includes a first portion having a first width and a second
portion having a second width, wherein the second width is smaller than the first
width,

wherein a distal end of the first wire is fixed relative to a distal end the second
wire, and

wherein a proximal end of one or more of the first wire or the second wire is
moveable distally or proximally with respect to the other of the first wire or the

second wire in order to bend a distal portion of the steerable medical device.

2. The steerable medical device of claim 1, wherein the first portion has a D-shaped

cross-section or a round cross-section.

3. The steerable medical device of any of claims 1-2, wherein a central longitudinal

axis of the first portion is offset from a central longitudinal axis of the second portion.
4. The steerable medical device of any of claims 1-3, wherein the second wire
includes a third portion having a third width and a fourth portion having a fourth

width, wherein the fourth width is smaller than the third width.

5. The steerable medical device of claim 4, wherein a flat surface of the first portion

faces a flat surface of the third portion.

6. The steerable medical device of any of claims 4-5, wherein a flat wire is positioned

between the flat surface of the first portion and the flat surface of the third portion.
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7. The steerable medical device of any of claims 4-6, wherein the first portion, the
second portion, and the third portion are covered by a coating or a sheath, and

wherein the fourth portion is uncovered by the coating or the sheath.

8. The steerable medical device of any of claims 1-3, wherein the second wire has a

uniform width along an entire length of the second wire.

9. The steerable medical device of any of claims 1-3, wherein the first wire further
includes a third portion having a third width, and wherein the second width is smaller
than the third width.

10. The steerable medical device of claim 9, wherein the second portion is between

the first portion and the third portion.

11. The steerable medical device of claim 10, wherein the first width is approximately

the same as the third width.

12. The steerable medical device of any of claims 1-11, wherein the first wire

includes a tapered portion tapering between the first width and the second width.

13. The steerable medical device of any of claims 1-12, further comprising a handle

having an actuator that is configured to move a proximal end of the first wire.

14. The steerable medical device of claim 13, wherein a proximal end of the second

wire is fixed relative to the handle.

15. The steerable medical device of claim 14, wherein the actuator is configured to
transition between a first configuration, in which the actuator is disengaged from the
first wire and a second configuration, in which the actuator is engaged with the first

wire.
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