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BILIARY STENT AND DELIVERY DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent
Application Serial No. 63/512,554 filed on July 7, 2023, the disclosure of which is
incorporated herein by reference.
TECHNICAL FIELD
[0002] This disclosure relates generally to medical devices and, more

particularly, to expandable biliary stents.

BACKGROUND

[0003] A partial or total blockage of one or more bile ducts may be remedied
by use of biliary stents. Conventional biliary stents are tubes made of plastic or metal,
generally having a circular or ovular cross-section. With the advent of endoscopic
surgery to install the stents, the maximum radius of each stent is limited by the
maximum diameter in the endoscopic device channel used to deliver them.
Expandable biliary stents are known, but the stent’s smooth cylindrical shape can
result in the stent filling the bile duct and quickly becoming clogged. There is a need
for a reliable method for delivering and deploying an expandable stent with easy,
mechanical expansion and exterior channels for drainage.

[0004] The present disclosure provides medical devices and methods of using

the same that avoid the aforementioned shortcomings of existing devices.

SUMMARY

[0005] This disclosure provides design, material, manufacturing method, and
use alternatives for medical devices and medical systems. In a first example, a biliary
stent comprises a plurality of lobes alternating radially with a plurality of creases;
wherein each of the plurality of lobes has a first contracted position biased inwards
from the creases such that the biliary stent has a first cross-sectional diameter; and
wherein each of the plurality of lobes has a second expanded position biased outwards
from the creases such that the biliary stent has a second cross-sectional diameter

larger than the first cross-sectional diameter.
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[0006] Alternatively or additionally to any of the examples above, the
plurality of lobes are the same length such that the stent is symmetrical.

[0007] Alternatively or additionally to any of the examples above, the stent is
made of biocompatible plastic.

[0008] Alternatively or additionally to any of the examples above, each of the
lobes forms a convex curve with adjacent creases when in the second expanded
position such that adjacent lobes form side walls of channels exterior to the stent upon
expansion of the biliary stent.

[0009] Alternatively or additionally to any of the examples above, the stent in
the first contracted position has a cross-sectional diameter of between 1 mm and 5
mm.

[0010] Alternatively or additionally to any of the examples above, the stent in
the second expanded position has a cross-sectional diameter of between 2 mm and 10
mm.

[0011] Alternatively or additionally to any of the examples above, the stent
has an axial length of between 2 mm and 20 mm.

[0012] In another example, a biliary stent delivery device comprises a shaft
sized for insertion into a bile duct of a patient and one or more wings at the distal end
of the shaft, wherein each wing shifts between a first proximal orientation pointed
towards a proximal end of the shaft and a second distal orientation pointed towards
the distal end of the shaft.

[0013] Alternatively or additionally to any of the examples above, the shaft is
loaded with an expandable biliary stent for insertion into the bile duct, the expandable
stent positioned proximally to the one or more wings such that, when the shaft is
retracted through the loaded stent, the wings shift from the first proximal orientation
to the second distal orientation to press outward on the stent, expanding the stent.

[0014] Alternatively or additionally to any of the examples above, the wings
have a cross-sectional diameter in the first proximal orientation of between 2.3 mm
and 4.2 mm.

[0015] Alternatively or additionally to any of the examples above, the wings
have a cross-sectional diameter in the second proximal orientation of between 2.3 mm
and 4.2 mm.

[0016] In another example, a method of deploying a biliary stent of any of the

examples above can include the steps of: loading the stent in the first position onto the
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shaft of the delivery device of any one of the examples above; inserting the distal end
of the shaft into the bile duct of a patient; positioning the stent within the patient;
expanding the stent into the second position; and retracting the shaft, leaving the
expanded stent in the bile duct.

[0017] Alternatively or additionally to any of the examples above, the one or
more wings at the distal end of the shaft are positioned in the first proximal
orientation during insertion of the distal end of the shaft and positioning the stent.
Retracting the shaft includes moving the distal end of the shaft through the stent such
that the wings shift from the first proximal orientation to the second distal orientation.
Expanding the stent is a result of the wings pressing outward on the stent as the distal
end of the shaft moves through the stent.

[0018] Alternatively or additionally to any of the examples above, the method
further includes the step of deploying a second stent loaded onto the device

[0019] These and other features and advantages of the present disclosure will
be readily apparent from the following detailed description, the scope of the claimed

invention being set out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate various embodiments and together with the
description serve to explain the principles of the present disclosure.

[0021] FIG. 1 depicts a medical delivery device;

[0022] FIGS. 2A and 2B depict a biliary stent in a contracted position;

[0023] FIGS. 3A and 3B depicts the biliary stent in the expanded position;

[0024] FIG. 4 depicts the wings of a delivery device in a proximal orientation;

[0025] FIG. 5 depicts the wings in a distal orientation;

[0026] FIGS. 6A to 6E illustrate deployment of a biliary stent loaded on the
shaft of a medical delivery device.

[0027] While the disclosure is amenable to various modifications and
alternative forms, specifics thereof have been shown by way of example in the
drawings and will be described in detail. It should be understood, however, that the
intention is not to limit the invention to the particular embodiments described. On the
contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the disclosure.
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DETAILED DESCRIPTION

[0028] This disclosure is now described with reference to an illustrative
medical system that may be used in endoscopic medical procedures. However, it
should be noted that reference to this particular procedure is provided only for
convenience and not intended to limit the disclosure. A person of ordinary skill in the
art would recognize that the concepts underlying the disclosed devices and related
methods of use may be utilized in any suitable procedure, medical or otherwise. This
disclosure may be understood with reference to the following description and the
appended drawings, wherein like elements are referred to with the same reference
numerals.

[0029] All numeric values are herein assumed to be modified by the term
“about,” whether or not explicitly indicated. The term “about”, in the context of
numeric values, generally refers to a range of numbers that one of skill in the art
would consider equivalent to the recited value (e.g., having the same function or
result). In many instances, the term “about” may include numbers that are rounded to
the nearest significant figure. Other uses of the term “about” (e.g., in a context other
than numeric values) may be assumed to have their ordinary and customary
definition(s), as understood from and consistent with the context of the specification,
unless otherwise specified.

[0030] The recitation of numerical ranges by endpoints includes all numbers
within that range, including the endpoints (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80,
4, and 5). Although some suitable dimensions, ranges, and/or values pertaining to
various components, features and/or specifications are disclosed, one of skill in the
art, incited by the present disclosure, would understand desired dimensions, ranges,
and/or values may deviate from those expressly disclosed.

[0031] As used in this specification and the appended claims, the singular
forms “a”, “an”, and “the” include plural referents unless the content clearly dictates
otherwise. As used in this specification and the appended claims, the term “or” is
generally employed in its sense including “and/or” unless the content clearly dictates
otherwise. It is to be noted that in order to facilitate understanding, certain features of
the disclosure may be described in the singular, even though those features may be
plural or recurring within the disclosed embodiment(s). Each instance of the features
may include and/or be encompassed by the singular disclosure(s), unless expressly

stated to the contrary. For simplicity and clarity purposes, not all elements of the
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disclosure are necessarily shown in each figure or discussed in detail below.

However, it will be understood that the following discussion may apply equally to any
and/or all of the components for which there are more than one, unless explicitly
stated to the contrary. Additionally, not all instances of some elements or features
may be shown in each figure for clarity.

[0032] It is noted that references in the specification to “an embodiment”,
“some embodiments”, “other embodiments”, etc., indicate that the embodiment(s)
described may include a particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is
described in connection with an embodiment, it would be within the knowledge of
one skilled in the art to effect the particular feature, structure, or characteristic in
connection with other embodiments, whether or not explicitly described, unless
clearly stated to the contrary. That is, the various individual elements described
below, even if not explicitly shown in a particular combination, are nevertheless
contemplated as being combinable or arrangeable with each other to form other
additional embodiments or to complement and/or enrich the described embodiment(s),
as would be understood by one of ordinary skill in the art.

[0033] For the purpose of clarity, certain identifying numerical nomenclature
(e.g., first, second, third, fourth, etc.) may be used throughout the description and/or
claims to name and/or differentiate between various described and/or claimed
features. It is to be understood that the numerical nomenclature is not intended to be
limiting and is illustrative only. In some embodiments, alterations of and deviations
from previously-used numerical nomenclature may be made in the interest of brevity
and clarity. That is, a feature identified as a “first” element may later be referred to as
a “second” element, a “third” element, etc. or may be omitted entirely, and/or a
different feature may be referred to as the “first” element. The meaning and/or
designation in each instance will be apparent to the skilled practitioner.

[0034] The detailed description is intended to illustrate but not limit the
disclosure. Those skilled in the art will recognize that the various elements described
may be arranged in various combinations and configurations without departing from
the scope of the disclosure. The detailed description illustrates example embodiments

of the disclosure.
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[0035] FIG. 1 shows a biliary access device 100 in accordance with some
aspects of the present disclosure. The device 100 includes a distal shaft 102 suitable
for insertion into or near the bile ducts of a patient. The shaft 102 is sized and shaped
to be fed through an accessory channel of an endoscope via guidewire with one or
more biliary stents loaded on the shaft 102. A proximal handle 104 includes any
necessary interface components for controlling the distal shaft 102, for unloading the
biliary stents, and for expanding the stents during deployment as further described
herein. The handle 104 provides control of the shaft 102 during delivery and
deployment of the stent and eventual retraction and removal of the device 100.

[0036] A biliary stent 200 is shown in FIGS. 2A-3B. The biliary stent 200
may have a first collapsed form in which a plurality of lobes 202 are biased concave
inward between creases 204. The stent 200 may be formed, in some implementations,
of a resilient material such as hard thermoplastic that maintains its shape. One of
ordinary skill will recognize that any bio-compatible material may be used, but the
appropriateness of the material may depend on the nature of the procedure as well as
the placement of the stent. In FIGS. 3A and 3B, the lobes 202 are biased convex
outward between the creases 204, greatly expanding the cross-sectional area of the
stent 200. In this regard, the creases 204 act as hinged locations for the transition of
the lobes 202 from the concave inward orientation to the convex outward orientation.
By expanding after deployment as further described herein, the stent 200 can have an
effective radius when deployed that is greater than the channel in which it was
delivered.

[0037] The biliary stent 200 is illustrated with five creases and five lobes of
symmetrical arc length, although one of ordinary skill will recognize that different
numbers of lobes are possible, including three, four, six, seven, eight, etc., and that
one or more lobes may be longer than one or more other lobes.

[0038] As shown in FIG. 3B, the expanded stent 200 creates an opening with
the surrounding biliary duct tissue 302 that includes exterior channels 304. These
channels 304 provide for drainage along the outside of the stent 200 and increase the
useful life of the stent 200 over smooth symmetrical sidewalls conventionally found
in plastic tube stents in the art.

[0039] The length and width of the stent 200 can depend on its intended
placement and/or the limitations of the access device. In some implementations, the

stent may have an axial length of between 2 and 20 mm and may expand in cross-
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sectional diameter from between 1 mm and 5 mm when contracted to between 2 mm
and 10 mm when expanded.

[0040] Deployment of the biliary stent is aided by a shaft 400 having wings
402 as shown in FIGS. 4 and 5, which can shift between a first position oriented
proximally, as shown in FIG. 4, and a second position oriented distally, as shown in
FIG. 5. The wings 402 may be made integrally with the shaft 400 or may be
attached to the shaft 400, either mechanically or through adhesive.

[0041] FIGS. 6A through 6E illustrate deployment of a biliary stent 200 over
the shaft 400. As the shaft 400 retracts through the stent 200, the wings 402 are
shifted from a proximal orientation to a distal orientation by contact with the stent
200, with the wings 402 passing through an intermediate orientation between the
proximal orientation and the distal orientation. The wings 402, which have sufficient
resilience and diameter not to collapse fully against the body of the shaft 400, push
the stent 200 outward as they pass through, opening the stent 200 and causing the
stent 200 to reorient from a collapsed state in which the lobes are in a concave inward
orientation to an expanded state in which the lobes are in a convex outward
orientation. Becausethe wings 402 are flexible and may tend to flatten due to the
resistance offered by the collapsed stent 200, the use of multiple wings in series may
be used in some embodiments to enhance the effectiveness of the leading wing,
because the next wing in the series acts as a barrier and thus buttresses the leading
wing’s ability to overcome the collapsed stent resistance.

[0042] The cross-sectional diameter of the wings 402 relates to the cross-
sectional diameter of the stent 200 both before and after expansion and may be the
same or different when oriented in first or second positions. In some
implementations, each of the first and second wing positions may have a cross-
sectional diameter of between 2.3 mm and 4.2 mm.

[0043] In some implementations, the wings 402 may be biased to naturally
return to a distal orientation against the shaft 400 once the stent 200 as been expanded
and deployed. In some implementations, a mechanism such as a guide wire or string
may be provided to fold the wings 402 against the shaft 400. Several stents 200 may
be loaded upon one shaft 400 for deployment during a single operation.

[0044] The stent 200 may be made of any biocompatible material, such as a
polyethylene plastic, with sufficient flexibility and resilience. The wings 402 likewise

may be made of any material that allows the appropriate shifting between positions.
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In some implementations, the wings 402 may be made of a more rigid material than
the stent 200 to assure the correct deployment interaction between the two.

[0045] It should be understood that this disclosure is, in many respects, only
illustrative. Changes may be made in details, particularly in matters of shape, size,
and arrangement of steps without exceeding the scope of the disclosure. This may
include, to the extent that it is appropriate, the use of any of the features of one
example embodiment being used in other embodiments. The invention's scope is, of

course, defined in the language in which the appended claims are expressed.
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CLAIMS

What is claimed is:

1. A biliary stent comprising a plurality of lobes alternating radially with a
plurality of creases;

wherein each of the plurality of lobes has a first contracted position biased
inwards from the creases such that the biliary stent has a first cross-sectional
diameter; and

wherein each of the plurality of lobes has a second expanded position biased
outwards from the creases such that the biliary stent has a second cross-sectional

diameter larger than the first cross-sectional diameter.

2. The biliary stent of claim 1, wherein the plurality of lobes are the same length

such that the stent is symmetrical.

3. The biliary stent of claim 1 or 2, comprised of biocompatible plastic.

4. The biliary stent of any one of claim 1 to claim 3, wherein each of the lobes
forms a convex curve with adjacent creases when in the second expanded position
such that adjacent lobes form side walls of channels exterior to the stent upon

expansion of the biliary stent.

5. The biliary stent of any one of claim 1 to claim 4, wherein the stent in the first

contracted position has a cross-sectional diameter of between 1 mm and 5 mm.

6. The biliary stent of any one of claim 1 to claim 5, wherein the stent in the
second expanded position has a cross-sectional diameter of between 2 mm and 10

mm.

7. The biliary stent of any one of claim 1 to claim 6, wherein the stent has an

axial length of between 2 mm and 20 mm.
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8. A biliary stent delivery device, comprising:

a shaft sized for insertion into a bile duct of a patient; and

one or more wings at the distal end of the shaft, wherein each wing shifts
between a first proximal orientation pointed towards a proximal end of the shaft and a

second distal orientation pointed towards the distal end of the shaft.

9. The device of claim 8, wherein the shaft is loaded with an expandable biliary
stent for insertion into the bile duct, the expandable stent positioned proximally to the
one or more wings such that, when the shaft is retracted through the loaded stent, the
wings shift from the first proximal orientation to the second distal orientation to press

outward on the stent, expanding the stent.

10. The device of claim 8 or 9, wherein the expandable biliary stent is a stent from

any one of claim 1 to claim 7.

11.  The device of any one of claim 8 to claim 10, wherein the wings have a cross-

sectional diameter in the first proximal orientation of between 2.3 mm and 4.2 mm.

12.  The device of any one of claim 8 to claim 11, wherein the wings have a cross-

sectional diameter in the second distal orientation between 2.3 mm and 4.2 mm.

13. A method for deploying the biliary stent of any one of claim 1 to claim 7,
comprising:

loading the stent in the first position onto the shaft of the delivery device of
any one of claim 8 to claim 12;

inserting the distal end of the shaft into the bile duct of a patient;

positioning the stent within the patient;

expanding the stent into the second position; and

retracting the shaft, leaving the expanded stent in the bile duct.
14. The method of claim 13, wherein the one or more wings at the distal end of

the shaft are positioned in the first proximal orientation during insertion of the distal

end of the shaft and positioning the stent; and

10



WO 2025/014768 PCT/US2024/036787

wherein retracting the shaft comprises moving the distal end of the shaft
through the stent such that the wings shift from the first proximal orientation to the
second distal orientation;

and wherein expanding the stent is a result of the wings pressing outward on

the stent as the distal end of the shaft moves through the stent.

15. The method of claim 13 or 14, further comprising deploying a second stent

loaded onto the device.

11
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-7

A biliary stent comprising a plurality of lobes alternating
radially with a plurality of creases, wherein each of the
plurality of lobes has a second expanded position biased
outwards from the creases.

2. claims: 8-12

A biliary stent delivery device comprising one or more wings
at the distal end of the shaft, wherein each wing shifts
between a first proximal orientation pointed towards a
proximal end of the shaft and a second distal orientation
pointed towards the distal end of the shaft.
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Continuation of Box II.1

Claims Nos.: 13-15

Claims 13-15 relate to subject-matter mentioned in Rule 39.1(iv) PCT,
namely to a method for treatment of the human or animal body by surgery.
The method of claim 13 comprises the steps of "inserting the distal end
of the shaft into the bile duct of a patient", "positioning the stent
within the patient", "expanding the stent into the second position" and
"retracting the shaft, leaving the expanded stent in the bile duct",
which are considered to be of invasive nature and therefore surgical.
Said surgical steps lend the entire method a surgical character. Under
terms of Rule 43bisgs PCT, Articles 35(3) and 34(4) (a) (i) PCT and Rule
67.1(iv) PCT an International Searching Authority is not required to
carry out an examination of such claims.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2024/036787
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2806825 B1 22-08-2018 AU 2012366236 Al 10-07-2014
AU 2018200247 Al 01-02-2018
AU 2019261759 Al 28-11-2019
CA 2868767 Al 25-07-2013
CA 3049059 A1l 25-07-2013
CN 104203126 A 10-12-2014
EP 2806825 Al 03-12-2014
EP 3456271 Al 20-03-2019
HK 1200690 Al 25-09-2015
JP 6356612 B2 11-07-2018
JP 2015506231 A 02-03-2015
KR 20140114843 A 29-09-2014
KR 20190090072 A 31-07-2019
RU 2014133717 A 10-03-2016
uUs 2015005804 A1l 01-01-2015
WO 2013109309 A1l 25-07-2013

Us 10357387 B2 23-07-2019 AU 2014223345 Al 17-09-2015
AU 2017201668 Al 30-03-2017
CA 2902775 Al 04-09-2014
CN 105163793 A 16-12-2015
CN 109125893 A 04-01-2019
EP 2961465 Al 06-01-2016
EP 3195894 Al 26-07-2017
EP 3943044 Al 26-01-2022
EP 4169482 Al 26-04-2023
ES 2901800 T3 23-03-2022
JP 6159829 B2 05-07-2017
JP 2016508432 A 22-03-2016
uUs 2014243992 Al 28-08-2014
uUs 2016175123 Al 23-06-2016
uUs 2017079815 Al 23-03-2017
uUs 2017252189 Al 07-09-2017
uUs 2019358063 Al 28-11-2019
uUs 2022125609 Al 28-04-2022
uUs 2023414386 Al 28-12-2023
WO 2014134352 Al 04-09-2014

CA 3131660 Al 03-09-2020 AU 2019431385 Al 02-09-2021
AU 2022201168 Al 17-03-2022
CA 3131660 Al 03-09-2020
CL 2021002160 Al 28-01-2022
CL 2022000519 A1l 30-09-2022
CN 113490470 A 08-10-2021
EA 202192201 A1l 13-10-2021
EP 3930636 Al 05-01-2022
EP 4467112 A2 27-11-2024
IL 285696 A 31-10-2021
IL 290483 A 01-04-2022
IL 305385 A 01-10-2023
JP 2022107060 A 20-07-2022
JP 2022514441 A 10-02-2022
JP 20230169220 A 02-02-2023
JP 2023171572 A 01-12-2023
JP 2023171573 A 01-12-2023
KR 20210122892 A 12-10-2021
KR 20220027258 A 07-03-2022
uUs 10702407 B1 07-07-2020

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2024/036787
Patent document Publication Patent family Publication
cited in search report date member(s) date
uUs 2020276037 Al 03-09-2020
uUs 2021085496 Al 25-03-2021
uUs 2022168123 Al 02-06-2022
uUs 2023085236 Al 16-03-2023
uUs 2024065866 Al 29-02-2024
uUs 2024382326 Al 21-11-2024
WO 2020176122 Al 03-09-2020

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

