(12) STANDARD PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2010271300 C1

(54)

(51)

(21)
(87)
(30)

(31)

(74)

(56)

Title

Vascular and bodily duct treatment devices and methods

International Patent Classification(s)

A61F 2/82 (2013.01)

Application No: 2010271300 (22) Date of Filing:  2010.07.08

WIPO No:  WO11/006013
Priority Data

Number

12/499,713
12/643,942
12/573,676

Publication Date:
Accepted Journal Date:
Amended Journal Date:

Applicant(s)
Concentric Medical, Inc.

Inventor(s)

(32) Date (33) Country
2009.07.08 us
2009.12.21 us
2009.10.05 us

2011.01.13

2014.09.18

2015.01.22

Grandfield, Ryan M._;Wilson, Scott D_;Miller, John H.;Vu, Emily;Pedersen, Kirk
L.;Bonsignore, Craig L.;Sanders, Elliot H.

Agent / Attorney

Shelston IP, L 21 60 Margaret St, Sydney, NSW, 2000

Related Art
WO 2001/045592
US 5968088
US 6641590
US 2003/0176914
US 2005/0267491
US 2006/0287701




© 2011/00601:3 A1 |} 00 01 0 O 0 0

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

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

13 January 2011 (13.01.2011) WO 2011/006013 A1
(51) International Patent Classification: [US/US]; 5834 Corte Margarita, Pleasanton, CA 94566
A61F 2/06 (2006.01) (US). SANDERS, Elliot, H. [US/US]; 722 Colorado

Ave., Palo Alto, CA 94303 (US).
(21) International Application Number: Ve, Talo Ao, (US)

PCT/US2010/041434 (74) Agent: SCULL, Peter, B.; Berenbaum Weinshienk PC,
370 17th Street, Suitc 4800, Denver, CO 80202 (US).

8 July 2010 (08.07.2010) (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date:

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

o DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,

(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

12/499,713 8 July 2009 (08.07.2009) Us KR, KZ LA, LC, LK, LR, LS, LT, LU, LY, MA, MD.

12/573,676 5 October 2009 (05.10.2009) Us ME. MG. MK, MN. MW. MX. MY. MZ. NA. NG. NL

12/643,942 21 December 2009 (21.12.2009) US NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(71) Applicant (for all designated States except US): CON- SE, G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, N, TR,
CENTRIC MEDICAL, INC. [US/US]; 301 East Evelyn TL,TZ UA, UG, US, UZ VC, VN, ZA, ZM, ZW.

Avenue, Mountain View, CA 94041 (US). (84) Designated States (unless otherwise indicated, for every

(72) Tnventors; and kind of regional protection available): ARIPO (BW, GH,

(75) Inventors/Applicants (for US only): GRANDFIELD, GM, KL, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

Ryan, M. [US/US]; 1091 South Livermore Avenue, Liv- ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

ermore, CA 94550 (US). WILSON, Scott, D. [US/US]; M), Furopean (AL, AT, BE, BG, CI1 CY, CZ, DI, DK,

1045 Eden Bower Ln., Redwood City, CA 94061 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, I8, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NI, SN, TD, TG).

MILLER, John, H. [US/US]; 603 Vera Avenue, Red-
wood City, CA 94061 (US). VU, Emily [US/US]; 932
Ivy Glen Dr., San Jose, CA 95133 (US). PEDERSEN,
Kirk, L. [US/US]; 412B Washington Blvd., San Francis-
co, CA 94129 (US). BONSIGNORE, Craig, L.

[Continued on next page]

(54) Title: VASCULAR AND BODILY DUCT TREATMENT DEVICES AND METHODS

(57) Abstract: A device including a self-expandable member having a proximal end portion and a main body portion. The self-ex-
pandable member is movable from a first delivery position to a second placement position, in the first delivery position the ex-
pandable member being in an unexpanded position and having a nominal first diameter and in the second position the expandable
member being in a radially expanded position and having a second nominal diameter greater than the first nominal diameter for
deployment within a vessel or duct of a patient. The expandable member includes a plurality of cell structures with the cell struc-
tures in the main body portion extending circumferentially around a longitudinal axis of the expandable member and the cell
structures in the proximal end portion extending less than circumferentially around the longitudinal axis of the expandable mem-
ber.



WO 2011/00601:3 A1 M) EA00 00 0

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

Published:



11 Sep 2014

2010271300

VASCULAR AND BODILY DUCT TREATMENT DEVICES AND METHODS

TECHNICAL FIELD

[0001] This application relates to devices and methods for treating the vasculature and

other ducts within the body.

BACKGROUND

[0002] Self-expanding prostheses, such as stents, covered stents, vascular grafts, flow
diverters, and the like have been developed to treat ducts within the body. Many of the
prostheses have been developed to treat blockages within the vasculature and also aneurysms
that occur in the brain. What are needed are improved treatment methods and devices for
treating the vasculature and other body ducts, such as, for example, aneurysms, stenoses,

embolic obstructions, and the like.

SUMMARY OF THE DISCLOSURE

[0003] In one aspect, the present invention provides a device comprising:

an elongate self-expandable member expandable from a first delivery position to
a second placement position, in the first delivery position the expandable member being in an
unexpanded position and having a first diameter and in the second position the expandable
member being in a radially expanded position and having a second diameter greater than the
first diameter, the expandable member comprising a plurality of cell structures, the
expandable member having a proximal end portion with a proximal end and a cylindrical
main body portion, the cell structures in the cylindrical main body portion extending
circumferentially around a longitudinal axis of the expandable member, the cell structures in
the proximal end portion extending less than circumferentially around the longitudinal axis of

the expandable member, the outer-most cell structures in the proximal end portion having
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proximal-most wall segments that form first and second rail segments that each extend from a
position at or near the proximal-most end of the expandable member to a distal position at or
near the cylindrical main body portion, the proximal end portion comprising a single
proximal-most cell structure, the proximal-most cell structure having first and second
outer-most struts that extend distally from a proximal antenna, each of the first and second
outer-most struts of the proximal-most cell structure having a cross-sectional area greater than
the cross-sectional area of the struts that form the remainder of the cell structures in the
proximal end portion, the proximal-most cell structure being a closed four-sided structure
when the self-expandable member is cut and laid flat on a surface, the closed four-sided
structure comprising the first outer-most strut, the second outer-most strut, a first inner strut
and a second inner strut, the first inner strut extending distally from the first outer-most strut,
the second inner strut extending distally from the second outer-most strut, other than the first
and second outer-most struts of the proximal-most cell structure each of the first and second
inner struts of the proximal-most cell structure having a cross-sectional area greater than the
cross-sectional area of the struts that form the remainder of the cell structures in the proximal

end portion.

[0004] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including,

but not limited to”.

[0005] In accordance with one implementation a vascular or bodily duct treatment
device is provided that comprises an elongate self-expandable member movable from a first

delivery position to a second placement position, in the first delivery position the

1a
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expandable member being in an unexpanded position and having a nominal first diameter
and in the second position the expandable member being in a radially expanded position
and having a second nominal diameter greater than the first nominal diameter for
deployment within the bodily duct or vasculature of a patient, the expandable member
comprising a plurality of cell structures, the expandable member having a proximal end
portion with a proximal end, a cylindrical main body portion and a distal end portion with
a distal end, the cell structures in the main body portion extending circumferentially
around a longitudinal axis of the expandable member, the cell structures in the proximal
and distal end portions extending less than circumferentially around the longitudinal axis
of the expandable member, the outer-most cell structures in the proximal end portion
having proximal-most lincar wall segments that, in a two-dimensional view, form first
and second substantially linear rail segments that each extend from a position at or near
the proximal-most end of the expandable member to a distal position at or near the
cylindrical main body portion. In one implementation the self-expandable member has a
longitudinal slit extending along at least a portion of the length of the self-expandable

member between the proximal end and the distal end.

[0005] In accordance with another implementation a kit is provided that comprises
an clongate flexible wire having a proximal end and a distal end with an elongate self-
expandable member coupled to the distal end, the self-expandable member movable from
a first delivery position to a second placement position, in the first delivery position the
expandable member being in an unexpanded position and having a nominal first diameter
and in the second position the expandable member being in a radially expanded position
and having a second nominal diameter greater than the first nominal diameter for
deployment in the bodily duct or vasculature of a patient, the self-expandable member
comprising a plurality of cell structures, the self-expandable member having a proximal
end portion with a proximal end, a cylindrical main body portion and a distal end portion
with a distal end, the cell structures in the main body portion extending circumferentially
around a longitudinal axis of the expandable member, the cell structures in the proximal
and distal end portions extending less than circumferentially around the longitudinal axis

of the expandable member, the outer-most cell structures in the proximal end portion
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having proximal-most linear wall segments that, in a two-dimensional view, form first
and second substantially linear rail segments that each extend from a position at or near
the proximal-most end of the expandable member to a distal position at or near the
cylindrical main body portion, the elongate wire with the expandable member having a
first length; and a delivery catheter having a second length and sufficient flexibility to
navigate the vasculature or bodily duct of the patient, the delivery catheter having a
proximal end, a distal end and an inner lumen, the inner lumen having a diameter
sufficient to receive the self-expandable member in its unexpanded position and for
advancing the unexpanded member from the proximal end to the distal end of the
catheter, the second length being less than the first length to allow distal advancement of
the self-expandable member beyond the distal end of the catheter to permit the
expandable member to deploy toward its expanded position, the distal end of the cathcter
and the self-expandable member configured to permit proximal retraction of the sclf-
expandable member into the lumen of the catheter when the sclf-expandable member is
partially or fully deployed outside the distal end of the catheter. In one implementation,
the self-expandable member has a longitudinal slit extending along at least a portion of

the length of the self-expandable member between the proximal end and the distal end.

[0006] In accordance with one implementation, a bodily duct or vascular treatment
device is provided having an elongate self-expandable member movable from a first
delivery position to a second placement position, in the first delivery position the
expandable member being in an unexpanded position and having a nominal first diameter
and in the second position the expandable member being in a radially expanded position
and having a second nominal diameter greater than the first nominal diameter for
deployment within the bodily duct or vasculature of a patient, the expandable member
comprising a plurality of generally longitudinal undulating elements with adjacent
undulating elements being interconnected in a manner to form a plurality of diagonally
disposed cell structures, the expandable member having a proximal end portion, a
cylindrical main body portion and a distal end portion, the cell structures in the main
body portion extending circumferentially around a longitudinal axis of the expandable

member, the cell structures in the proximal and distal end portions extending less than



WO 2011/006013 PCT/US2010/041434

circumferentially around the longitudinal axis of the expandable member, the outer-most
cell structures in the proximal end portion having proximal-most linear wall segments
that, in a two-dimensional view, form first and second substantially linear rail segments
that each extend from a position at or near the proximal-most end of the expandable
member to a position at or near the cylindrical main body portion. In one
implementation, connected to the proximal-most end of the expandable member is a
proximally extending elongate flexible wire having a length and flexibility sufficient for

navigating and accessing the vasculature or bodily duct of the patient.

[0007] In accordance with another implementation, a vascular treatment device is
provided that includes an clongate self-expandable member movable from a first delivery
position to a second placement position, in the first delivery position the expandable
member being in an unexpanded position and having a nominal first diameter and in the
sccond position the expandable member being in a radially expanded position and having
a second nominal diameter greater than the first nominal diameter for deployment within
the vasculature of a patient, the expandable member comprising a plurality of generally
longitudinal undulating elements with adjacent undulating elements being interconnected
in a manner to form a plurality of cell structures that are arranged to induce twisting of
the expandable member as the expandable member transitions from the unexpanded
position to the expanded position, the expandable member having a proximal end portion,
a cylindrical main body portion and a distal end portion, the cell structures in the main
body portion extending circumferentially around a longitudinal axis of the expandable
member, the cell structures in the proximal and distal end portions extending less than
circumferentially around the longitudinal axis of the expandable member, the outer-most
cell structures in the proximal end portion having proximal-most linear wall segments
that form first and second substantially linear rail segments that each extend from a
position at or near the proximal-most end of the expandable member to a position at or
near the cylindrical main body portion. In one implementation, connected to the
proximal-most end of the expandable member is a proximally extending clongate flexible
wire having a length and flexibility sufficient for navigating and accessing the

vasculature or bodily duct of the patient.
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[0008] In accordance with another implementation, a bodily duct or vascular
treatment device is provided that includes an elongate self-expandable member movable
from a first delivery position to a second placement position, in the first delivery position
the expandable member being in an unexpanded position and having a nominal first
diameter and in the second position the expandable member being in a radially expanded
position and having a second nominal diameter greater than the first nominal diameter for
deployment within the bodily duct or vasculature of a patient, the expandable member
comprising a plurality of generally longitudinal undulating elements with adjacent
undulating elements being interconnected to form a plurality of diagonally disposed cell
structures, the expandable member having a cylindrical portion and a distal end portion,
the cell structures in the cylindrical portion extending circumferentially around a
longitudinal axis of the cxpandable member, the cell structures in the distal end portion
extending less than circumferentially around the longitudinal axis of the expandable
member, the proximal-most cell structures in the main body portion having proximal-
most end points. One or more of the proximal-most end points of the expandable
member have a proximally extending elongate flexible wire having a length and
flexibility sufficient for navigating and accessing the vasculature or bodily duct of the

patient.

[0009] In accordance with another implementation, a kit is provided that includes
an elongate flexible wire having a proximal end and a distal end with an elongate self-
expandable member attached to the distal end, the self-expandable member movable from
a first delivery position to a second placement position, in the first delivery position the
expandable member being in an unexpanded position and having a nominal first diameter
and in the second position the expandable member being in a radially expanded position
and having a second nominal diameter greater than the first nominal diameter for
deployment within a bodily duct or vasculature of a patient, the expandable member
comprising a plurality of generally longitudinal undulating elements with adjacent
undulating elements being interconnected in a manner to form a plurality of diagonally

disposed cell structures, the expandable member having a proximal end portion, a
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cylindrical main body portion and a distal end portion, the cell structures in the main
body portion extending circumferentially around a longitudinal axis of the expandable
member, the cell structures in the proximal and distal end portions extending less than
circumferentially around the longitudinal axis of the expandable member, the outer-most
cell structures in the proximal end portion having proximal-most lincar wall segments
that, in a two-dimensional view, form first and second substantially linear rail segments
that each extend from a position at or near the proximal-most end of the expandable
member to a position at or near the cylindrical main body portion, the elongate wire and
expandable member having a first length, and a delivery catheter having a second length
and sufficient flexibility to navigate the vasculature or bodily duct of a patient, the
dclivery catheter having a proximal end, a distal end and an inner diameter, the inner
diamecter sufficient to reccive the expandable member in its uncxpanded position and for
advancing the unexpanded member from the proximal end to the distal end of the
catheter, the second length being less that the first length to allow distal advancement of
the expandable member beyond the distal end of the catheter to permit the expandable
member to deploy toward its expanded position, the distal end of the catheter and the
expandable member configured to permit proximal retraction of the expandable member
into the catheter when the expandable member is partially or fully deployed outside the
distal end of the catheter.

[0010] In accordance with another implementation, a method for removing an
embolic obstruction from a vessel of a patient is provided that includes (a) advancing a
delivery catheter having an inner lumen with proximal end and a distal end to the site of
an embolic obstruction in the intracranial vasculature of a patient so that the distal end of
the inner lumen is positioned distal to the embolic obstruction, the inner lumen having a
first length, (b) introducing an embolic obstruction retrieval device comprising an
clongate flexible wire having a proximal end and a distal end with an elongate self-
expandable member attached to the distal end into the proximal end of the inner lumen of
the catheter and advancing the self-expandable member to the distal end of the lumen, the
self-expandable member movable from a first delivery position to a second placement

position, in the first delivery position the expandable member being in an unexpanded
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position and having a nominal first diameter and in the second position the expandable
member being in a radially expanded position and having a second nominal diameter
greater than the first nominal diameter for deployment within an embolic obstruction of a
patient, the expandable member comprising a plurality of generally longitudinal
undulating elements with adjacent undulating elements being interconnected in a manner
to form a plurality of cell structures, the expandable member having a proximal end
portion, a cylindrical main body portion and a distal end portion, the cell structures in the
main body portion extending circumferentially around a longitudinal axis of the
expandable member, the cell structures in the proximal and distal end portions extending
less than circumferentially around the longitudinal axis of the expandable member, the
outer cell structures in the proximal end portion having proximal linear wall scgments
that, in a two-dimensional view, form first and second substantially lincar rail segments
that cach extend from a position at or near the proximal end of the expandable member to
a position at or near the cylindrical main body portion, the clongate wire and expandable
member in combination having a sccond length longer than the first length, (c)
proximally retracting the delivery catheter sufficient to deploy the self-expandable device
so that the one or more of the cell structures entrap at least a portion of the embolic
obstruction, and (d) proximally retracting the delivery catheter and self-expandable
device to outside the patient. In an alternative implementation, the self-expandable
member is partially or fully retracted into the inner lumen of the delivery catheter prior to
proximally retracting the delivery catheter and self-expandable device to outside the

patient.

[0011] In accordance with another implementation, a device is provided comprising
an elongate self-expandable member movable from a first delivery position to a second
placement position, in the first delivery position the expandable member being in an
unexpanded position and having a nominal first diameter and in the second position the
expandable member being in a radially expanded position and having a second nominal
diameter greater than the first nominal diameter for deployment within a vessel or duct of
a patient, the expandable member comprising a plurality of cell structures, the expandable

member having a proximal end portion with a proximal end and a cylindrical main body
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portion, the cell structures in the main body portion comprise a first plurality of
intersecting struts and extend circumferentially around a longitudinal axis of the
expandable member, the cell structures in the proximal end portion comprise a second
plurality of intersecting struts and extend less than circumferentially around the
longitudinal axis of the expandable member, at least some of the first plurality of

intersecting struts having a thickness to width ratio of greater than one.

[0012] In accordance with yet another implementation, a device is provided
comprising a delivery wire, an elongate self-expandable member movable from a first
delivery position to a second placement position, in the first delivery position the
expandable member being in an unexpanded position and having a nominal first diameter
and in the sccond position the expandable member being in a radially expanded position
and having a sccond nominal diamcter greater than the first nominal diameter for
deployment within a vessel or duct of a patient, the expandable member comprising a
plurality of cell structures, the expandable member having a proximal end portion with a
proximal end and a cylindrical main body portion, the proximal end having an integrally
formed wire segment extending therefrom with a coil positioned about the wire segment,
the coil comprising a first closely wound segment and a second loosely wound segment
that contains at least one gap, the cell structures in the main body portion extending
circumferentially around a longitudinal axis of the expandable member, the cell structures
in the proximal end portion extending less than circumferentially around the longitudinal
axis of the expandable member, a proximal end of the wire segment attached to a distal
end of the delivery wire by a bonding agent within the second loosely wound segment of

the coil.

[0013] In accordance with yet another implementation, a device is provided
comprising an elongate self-expandable member movable from a first delivery position to
a second placement position, in the first delivery position the expandable member being
in an unexpanded position and having a nominal first diameter and in the second position
the expandable member being in a radially expanded position and having a second

nominal diameter greater than the first nominal diameter for deployment within a vessel



WO 2011/006013 PCT/US2010/041434

or duct of a patient, the expandable member comprising a plurality of cell structures, the
expandable member having a proximal end portion with a proximal end and a cylindrical
main body portion, the cell structures in the main body portion extending
circumferentially around a longitudinal axis of the expandable member, the cell structures
in the proximal end portion extending less than circumferentially around the longitudinal
axis of the expandable member, the cell structures having dimensional and material
characteristics that result in about a -1.5N to a about a -3.5N overall reduction in radial
force along the length of the expandable member per millimeter of expansion during
about an initial 0.50mm diametric range of expansion from the nominal diameter and that
results in about a -0.10N to about a -0.50N overall reduction in radial force along the
length of the expandable member per millimeter of cxpansion during subscquent
diametric ranges of expansion. In one implementation the clongate self-cxpandable
member has a designated maximum sccond nominal diamecter, the radial force cxerted by
the elongate sclf-expandable member being greater than zero when expanded to the

maximum second nominal diameter.

[0014] In accordance with yet another implementation, a device is provided comprising
an clongate self-expandable member movable from a first delivery position to a second
placement position, in the first delivery position the expandable member being in an
unexpanded position and having a nominal first diameter and in the second position the
expandable member being in a radially expanded position and having a second nominal
diameter greater than the first nominal diameter for deployment within the bodily duct or
vasculature of a patient, the expandable member comprising a plurality of generally
longitudinal undulating elements with adjacent undulating elements being interconnected
in a manner to form a plurality of diagonally disposed cell structures, the expandable
member having a proximal end portion, a cylindrical main body portion and a distal end
portion, the cell structures in the main body portion extending circumferentially around a
longitudinal axis of the expandable member, the cell structures in the proximal and distal
end portions extending less than circumferentially around the longitudinal axis of the
expandable member, the cell structures in the proximal end portion extending less than

circumferentially around the longitudinal axis of the expandable member, the cell
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structures having dimensional and material characteristics that result in about a -1.5N to a
about a -3.5N overall reduction in radial force along the length of the expandable member
per millimeter of expansion during about an initial 0.50mm diametric range of expansion
from the first nominal diameter and that results in about a -0.10N to about a -0.50N
overall reduction in radial force along the length of the expandable member per
millimeter of expansion during subsequent diametric ranges of expansion. In one
implementation the elongate self-expandable member has a designated maximum second
nominal diameter, the radial force exerted by the elongate self-expandable member being

greater than zero when expanded to the maximum second nominal diameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Alternative implementations of the present disclosure are described herein
with reference to the drawings wherein:

Figure 1A illustrates a two-dimensional plane view of an expandable member of a
treatment device in one embodiment.

Figure 1B is an isometric view of the expandable member illustrated in Figure 1A

Figure 2 illustrates a distal wire segment that extends distally from an expandable
member in one embodiment.

Figure 3 illustrates the distal end of an expandable member having an atraumatic
tip.

Figure 4A illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 4B is an enlarged view of the proximal-most segment of the expandable
member illustrated in Figure 4A.

Figurc 5 illustrates a distal end of an expandable member in one embodiment.

Figure 6A illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 6B is an isometric view of the expandable member illustrated in Figure

6A.

10
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Figure 7A illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 7B is an isometric view of the expandable member illustrated in Figure
TA.

Figure 7C illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 8 illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 9 illustrates an expandable member in an expanded position having a bulge
or increased diameter portion.

Figure 10 illustrates a two-dimensional plane view of an expandablec member of a
treatment device in another embodiment.

Figure 11A illustrates a two-dimensional planc view of an expandable member of
a treatment device in one implementation.

Figure 11B is an isometric view of the expandable member illustrated in Figure
11A.

Figure 12 illustrates a two-dimensional plane view of an expandable member of a
treatment device in another implementation.

Figures 13A through 13C illustrate a method for retrieving an embolic obstruction
in accordance with one implementation.

Figure 14 illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 15 illustrates a two-dimensional plane view of an expandable member of a
treatment device in yet another embodiment.

Figure 16 illustrates an isometric view of an expandable member in another
embodiment having an internal wire segment.

Figure 17 illustrates an isometric view of an expandable member in another
embodiment having an external wire segment.

Figure 18 illustrates an isometric view of an expandable member in yet another

embodiment having a distal emboli capture device.

11
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Figure 19 illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 20 illustrates the expandable member of Figure 19 having a longitudinal
slit.

Figure 21 illustrates the expandable member of Figure 19 having a spiral slit.

Figure 22 illustrates the expandable member of Figure 19 having a partial spiral
slit.

Figure 23 illustrates a two-dimensional plane view of an expandable member of a
treatment device in another embodiment.

Figure 24A illustrates a two-dimensional plane view of an expandable member of
a treatment device in yet another embodiment.

Figure 24B is an isometric view of the ecxpandable member illustrated in Figure
24A.

Figure 25 illustrates a manncer in which the proximal extending wire segment of
an expandable device is attached to a delivery wire in one embodiment.

Figure 26 illustrates a two-dimensional plane view of an expandable member of a
treatment device in yet another embodiment.

Figures 27A and 27B illustrate isometric side and top views, respectively, of the
expandable member depicted in Figure 26.

Figures 28A and 28B illustrate a proximal wire segment and a distal wire
segment, respectively, of an expandable member in one implementation.

Figure 29 is a graph representing a radial force curve of an expandable member

according to one implementation.

DETAILED DESCRIPTION

[0016] Figures 1A and 1B illustrate a vascular or bodily duct treatment device 10
in accordance with one embodiment of the present invention. Device 10 1s particularly
suited for accessing and treating the intracranial vascular of a patient, such as for example
treating ancurysms or capturing and removing embolic obstructions. It is appreciated

however, that device 10 may be used for accessing and treating other locations within the

12
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vasculature and also other bodily ducts. Other uses include, for example, treating
stenoses and other types of vascular diseases and abnormalities. Figure 1A depicts
device 10 in a two-dimensional plane view as if the device were cut and laid flat on a
surface. Figure 1B depicts the device in its manufactured and/or expanded tubular
configuration. Device 10 includes a self-expandable member 12 that is attached or
otherwise coupled to an eclongate flexible wire 40 that extends proximally from the
expandable member 12. In one embodiment, the expandable member 12 is made of
shape memory material, such as Nitinol, and is preferably laser cut from a tube. In one
embodiment, the expandable member 12 has an integrally formed proximally extending
wire segment 42 that is used to join the elongate flexible wire 40 to the expandable
member 12. In such an embodiment, flexible wire 40 may be joined to wire segment 42
by the use of solder, a weld, an adhcsive, or other known attachment method. In an
alternative embodiment, the distal end of flexible wire 40 is attached dircctly to a
proximal end 20 of the expandable member 12. In onc embodiment, the distal end of
wire 40 has a flat profile with a width of about 0.005 inches with the width and thickness
of the wire segment 42 being about 0.0063 and about 0.0035 inches, respectively.

[0017] In one embodiment, the distal end of wire 40 is attached to the proximally
extending wire segment 42 by the following method, resulting in the joint illustrated in
Figure 25. In one implementation, a coil 41 is positioned over wire segment 42, the coil
having a closely wrapped segment 41a abutting the proximal end of expandable member
12, and a loosely wrapped segment 41b that includes one or more gaps 41c. The size of
the one or more gaps 41c being sufficient to introduce a bonding agent into at least the
inner cavity of coil segment 41b. In one embodiment, the length of wire segment 42 and
the coil 41 are equal. In one embodiment the length of the wire segment 42 is 4.0
millimeters with the coil 41 being of equal length. Once the coil 41 has been placed over
the wire segment 42, the distal end of wire 40 is placed within coil segment 41b so that it
makes contact with and overlaps the proximal end portion of wire segment 42. A
bonding agent is then applied through the gaps 41¢ of coil 41 to bond the wire 40 with
wire segment 41. The bonding agent may be an adhesive, solder, or any other suitable

bonding agent. When the bonding agent is a solder, a preceding step in the process
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involves coating the distal end portion of wire 40 and the proximal end portion of wire
segment 42 with tin or another suitable wetting agent. In one implementation the solder
is gold and is used to enhance the radiopacity of the joint so that the joint may serve as a
proximal radiopaque marker. In addition to the use of gold, all or portions of the coil
may be made of a radiopaque material to further enhance the radiopacity of the joint.
According to one embodiment, the length of overlap between the wire 40 and wire
segment 42 is between 0.75 and 1.0 millimeters. In the same implementation or in other
implementations, the length of coil segment 41b is equal, or substantially equal, to the
overlap length of the wire 40 and wire segment 42. In an alternative embodiment, in licu
of the use of a single coil 41, two or more coils in abutting relationship are used with, for
cxample, a first closely wound coil abutting the proximal end 20 of the cxpandable
member 12 and a second looscly wound coil with gaps situated proximal to the closely
wound coil. Although not shown in the figures, in one embodiment a distal end length of
wire 40 is tapers in the distal direction from a nominal diamecter to a reduced profile.
Along this length is provided a distal wire coil of a constant outer diameter with no taper.
In accordance with one implementation, the diameter of coil 41 has the same outer

diameter as the distal wire coil.

[0018] One advantage of the joint construction is that it is resistant to buckling
while the device is being pushed through a delivery catheter while at the same time being
sufficiently flexible to enable the device to be delivered through the tortuous anatomy of
a patient. In addition, the joint is able to withstand high tensile and torque loads without
breaking. Load test have shown the joint of the previously described embodiment can
withstand in excess of 2 pounds of tensile stress. In one embodiment, coil 41 is made of

a radiopaque material to also function as a proximal radiopaque marker.

[0019] Figure 28A depicts an alternative proximal wire segment construction. As
shown, the proximal wire segment 4002 comprises a first section 4002a and a second
section 4002b, with the second section 4002b having a width W greater than the width of
the first section. In one implementation a tapered transition section 4003 joins the first

and second sections 4002a and 4002b. In one implementation the width of the first
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section 4002a is about 0.0063 inches while the width W of the second section is between
about 0.0085 inches and about 0.0105 inches. In one implementation the length L
between the proximal end 4005 of the expandable member 4004 and second section
4002b of the wire segment 4002 is between about 0.017 inches and about 0.022 inches.
An advantage of the inclusion of the second section 4002b is that the greater width
dimension provides a larger surface area for bonding the wire segment 4002 to the
clongate wire 40 used in the delivery and retraction of the elongate member from a duct
of a patient. In one implementation the first section 4002a has a circular or substantially
circular construction and the second section 4002b has a flat profile formed by a

pressing/coining operation.

[0020] In the embodiment of Figures 1A and 1B, expandable member 12 includes
a plurality of generally longitudinal undulating clements 24 with adjacent undulating
clements being out-of-phasc with one anothcr and connected in a manner to form a
plurality of diagonally disposed cell structures 26. The expandable member 12 includes
a proximal end portion 14, a cylindrical main body portion 16 and a distal end portion 18
with the cell structures 26 in the main body portion 16 extending continuously and
circumferentially around a longitudinal axis 30 of the expandable member 12. The cell
structures 26 in the proximal end portion 14 and distal end portion 18 extend less than

circumferentially around the longitudinal axis 30 of the expandable member 12.

[0021] In one embodiment, expandable member 12 has an overall length of about
33.0 millimeters with the main body portion 16 measuring about 16.0 millimeters in
length and the proximal and distal end portions 14 and 18 each measuring about 7.0
millimeters in length. In alternative embodiments, the length of the main body portion 16
is generally between about 2.5 to about 3.5 times greater than the length of the proximal

and distal end portions 14 and 18.

[0022] In use, expandable member 12 is advanced through the tortuous vascular
anatomy or bodily duct of a patient to a treatment site in an unexpanded or compressed

state (not shown) of a first nominal diameter and is movable from the unexpanded state to
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a radially expanded state of a second nominal diameter greater than the first nominal
diameter for deployment at the treatment site. In alternative exemplary embodiments the
first nominal diameter (e.g., average diameter of main body portion 16) ranges between
about 0.017 to about 0.030 inches, whereas the second nominal diameter (e.g., average
diameter of main body portion 16) is between about 2.5 to about 5.0 millimeters. In one
implementation, the dimensional and material characteristics of the cell structures 26
residing in the main body portion 16 of the expandable material 12 are selected to
produce sufficient radial force and contact interaction to cause the cell structures 26 to
engage with an embolic obstruction residing in the vascular in a manner that permits
partial or full removal of the embolic obstruction from the patient. In alternative
embodiments the dimensional and material characteristics of the cell structures 26 in the
main body portion 16 arc sclected to produce a radial force per unit length of between
about 0.005 N/mm to about 0.050 N/mm, preferable between about 0.010 N/mm to about
0.050 N/mm, and morc preferably between about 0.030 N/mm and about 0.050 N/mm.
In one embodiment, the diameter of the main body portion 16 in a fully expanded state is
about 4.0 millimeters with the cell pattern, strut dimensions and material being selected to
produce a radial force of between about 0.040 N/mm to about 0.050 N/mm when the
diameter of the main body portion is reduced to 1.5 millimeters. In the same or
alternative embodiment, the cell pattern, strut dimensions and material(s) are selected to
produce a radial force of between about 0.010 N/mm to about 0.020 N/mm when the

diameter of the main body portion is reduced to 3.0 millimeters.

[0023] In the embodiments of Figures 1A and 1B, each of the cell structures 26
are shown having the same dimensions with each cell structure including a pair of short
struts 32 and a pair of long struts 34. In an exemplary embodiment, struts 32 have a
length of between about 0.080 and about 0.100 inches, struts 34 have a length of between
about 0.130 and about 0.140 inches, with each of struts 32 and 34 having an as-cut width
and thickness of about 0.003 inches and about 0.0045 inches, respectively, and a post-
polishing width and thickness of between about 0.0022 inches and about 0.0039 inches,
respectively. An advantage of having a strut thickness to width ratio of greater than one

is that it promotes integration of the strut into the embolic obstruction. In alternative
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embodiments, the post-polishing width and thickness dimensions varies between about
0.0020 inches to about 0.0035 and about 0.0030 inches to about 0.0040 inches,
respectively, with the thickness to width ratio varying between about 1.0 to about 2.0, and

preferably between about 1.25 to about 1.75.

[0024] In one embodiment, only the strut elements of the main body portion 16
have a thickness to width dimension ratio of greater than one. In another embodiment,
only the strut elements of the main body portion 16 and distal end portion 18 have a
thickness to width dimension ratio of greater than one. In another embodiment, only a
portion of the strut elements have a thickness to width dimension ratio of greater than
onc. In yet another embodiment, strut clements in different parts of the expandable
member have different thickness to width dimension ratios, the ratios in cach of the parts
being greater than onc. As an cxample, because the radial force cxerted by the proximal
end portion 14 and distal end portion 18 of the expandable member 12 may generally be
less than the radial force exerted by the main body portion 16, the strut elements in the
distal and/or proximal end portions can have a thickness to width ratio that is greater than
the thickness to width ratio of the struts in the main body portion 16. An advantage of
this construction is that the ability of the expandable member 12 to integrate into an
embolic obstruction is made to be more uniform along the length of the expandable

member.

[0025] In other embodiments, certain, or all of the strut elements have a tapered
shape with the outer face of the strut having a width dimension less than the width
dimension of the inner face of the strut. In other embodiments, the expandable member
12 may comprise strut elements having a generally rectangular cross-section and also

strut elements having a tapered shape.

[0026] It is important to note that the present invention is not limited to
expandable members 12 having uniform cell structures nor to any particular dimensional
characteristics. As an example, in alternative embodiments the cell structures 26 in the

proximal and/or distal end portions 14 and 18 are either larger or smaller in size than the
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cell structures 26 in the main body portion 16. In one embodiment, the cell structures 26
in the proximal and distal end portions 14 and 18 are sized larger than those in the main
body portion 16 so that the radial forces exerted in the end portions 14 and 18 are lower

than the radial forces exerted in the main body portion 16.

[0027] The radial strength along the length of the expandable member 12 may be
varied in a variety of ways. One method is to vary the mass (e.g., width and/or thickness)
of the struts along the length of the expandable member 12. Another method is to vary
the size of the cell structures 26 along the length of the expandable member 12. The use
of smaller cell structures will generally provide higher radial forces than those that are
larger. Varying the radial force cxerted along the length of the expandable member can
be particularly advantageous for use in entrapping and retricving embolic obstructions.
For cxample, in one cmbodiment the radial force in the distal scction of the main body
portion 16 of the expandable member 12 in its expanded state is madc to be greater than
the radial force in the proximal section of the main body portion 16. Such a configuration
promotes a larger radial expansion of the distal section of the main body portion 16 into
the embolic obstruction as compared to the proximal section. Because the expandable
member 12 is pulled proximally during the removal of the embolic obstruction from the
patient, the aforementioned configuration will reduce the likelihood of particles
dislodging from the embolic obstruction during its removal. In an alternative
embodiment the radial force in the proximal section of the main body portion 16 of the
expandable member 12 in its expanded state is made to be greater than the radial force in
the distal section of the main body portion 16. In yet another embodiment, the main body
portion 16 of the expandable member 12 includes a proximal section, a midsection and a
distal section with the radial force in the proximal and distal sections being larger than the

radial force in the midsection when the expandable member 12 is in an expanded state.

[0028] In alternative embodiments, as exemplified in Figure 9, the main body
portion 16 may include an increased diameter portion or bulge 70 to enhance the
expandable member’s ability to entrap or otherwise engage with an embolic obstruction.

In Figure 9, a single increased diameter portion 70 is provided within the midsection of

18



WO 2011/006013 PCT/US2010/041434

main body portion 16. In alternative embodiments, the increased diameter portion 70
may be positioned proximally or distally to the midsection. In yet other embodiments,
two or more increased diameter portions 70 may be provided along the length of the main
body portion 16. In one implementation, the two or more increased diameter portions 70
have essentially the same manufactured nominal diameter. In another implementation,
the distal-most increased diameter portion 70 has a greater manufactured nominal
diameter than the proximally disposed increased diameter portions. In alternative
exemplary embodiments the nominal diameter of the increased diameter portion 70 is
between about 25.0 to about 45.0 percent greater than the nominal diameter of the main
body portion. For example, in one embodiment, the nominal expanded diameter of main
body portion 16 is about 3.0 millimeters and the nominal diameter of the increascd
diamcter portion 70 is about 4.0 millimeters. In another embodiment the nominal
expanded diameter of main body portion 16 is about 3.50 millimeters and the nominal
diameter of the increased diamcter portion 70 is about 5.00 millimeters. In one
embodiment, the one or more increased diameter portions 70 are formed by placing an
expandable mandrel into the internal lumen of the main body portion 16 and expanding
the mandrel to create the increased diameter portion 70 of a desired diameter. In another
embodiment, one or more of the increased diameter portions 70 are formed by placing a
mandrel of a given width and diameter into the main body portion 16 and then crimping
the expandable member 12 in a manner to cause at least a portion of the main body

portion 16 to be urged against the mandrel.

[0029] In one embodiment, the strut elements in the increased diameter portion or
portions 70 have a thickness dimension to width dimension ratio that is greater than the
thickness to width ratio of the other struts in the main body portion 16. In yet another
embodiment, the strut elements in the increased diameter portion or portions 70 have a
thickness dimension to width dimension ratio that is less than the thickness to width ratio

of the other struts in the main body portion 16.

[0030] In one implementation, a distal wire segment 50, that is attached to or

integrally formed with expandable member 12, extends distally from the distal end 22 of
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the expandable member 12 and is configured to assist in guiding the delivery of the
expandable member to the treatment site of a patient. Figure 2 shows a distal wire
segment 50 in one embodiment having a first section 52 of a uniform cross-section and a
second section 54 having a distally tapering cross-section. In an exemplary embodiment,
the first section 52 has a length of about 3.0 millimeters and an as-cut cross-sectional
dimension of about 0.0045 inches by about 0.003 inches, and whereas the second section
54 has a length of about 4.0 millimeters and tapers to a distal-most, as-cut, cross-sectional
dimension of about 0.002 inches by about 0.003 inches. Post-polishing of the device
generally involves an etching process that typically results in a 40% to 50% reduction in
the as-cut cross-sectional dimensions. In another embodiment, as depicted in Figure 3,
the distal wire segment 50 is bound by a spring member 57 of a uniform diameter and is
equipped with an atruamatic distal tip 58. In alternative embodiments, the spring element
57 and/or the atraumatic tip 58 are made or coated with of a radiopaque material, such as,

for example, platinum.

[0031] Figure 28b illustrates an alternative distal wire segment construction. As
depicted, the distal wire segment 4010 includes a first section 4011a and a second section
4011b, the second section 4011b having a width W greater than the width of the first
section 4011a. In one implementation a tapered transition section 4012 joins the first and
second sections 4011a and 4011b. In one implementation the width W of the second
section is between about 0.003 inches and about 0.004 inches with the length L between
the distal end 4013 of the expandable member 4014 and the second section 4011b of the
wire segment 4010 being between about 0.015 inches and about 0.020 inches. An
advantage of the inclusion of the second section 4011b is that the greater width
dimension provides a larger surface area for bonding a coil/spring segment 57 to the wire
segment 4010. In one implementation the first section 4011a has a circular or
substantially circular construction and the second section 4011b has a flat profile formed

by a pressing/coining operation.
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[0032] In one embodiment, as will be described in more detail below, the
expandable member 12 is delivered to the treatment site of a patient through the lumen of
a delivery catheter that has been previously placed at the treatment site. In an alternative
embodiment, the vascular treatment device 10 includes a sheath that restrains the
expandable member 12 in a compressed state during delivery to the treatment site and
which is proximally retractable to cause the expandable member 12 to assume an

expanded state.

[0033] In one implementation, the expandable member 12 in the expanded state is
able to engage an embolic obstruction residing at the treatment site, for example by
embedding itsclf into the obstruction, and is removable from the patient by pulling on a
portion of the clongate flexible wire 40 residing outside the patient until the expandable

member 12 and at least a portion of the embolic obstruction arc removed from the patient.

[0034] The use of interconnected and out-of-phase undulating clements 24 to
create at least some of the cell structures 26 in alternative embodiments provides several
advantages. First, the curvilinear nature of the cell structures 26 enhances the flexibility
of the expandable member 12 during its delivery through the tortuous anatomy of the
patient to the treatment site. In addition, the out-of-phase relationship between the
undulating elements facilitates a more compact nesting of the expandable member
elements permitting the expandable member 12 to achieve a very small compressed
diameter. A particular advantage of the expandable member strut pattern shown in
Figure 1A, and various other embodiments described herein, is that they enable
sequential nesting of the expandable member elements which permit the expandable
members to be partially or fully deployed and subsequently withdrawn into the lumen of
a delivery catheter. The out-of-phase relationship also results in a diagonal orientation of
the cell structures 26 which may induce a twisting action as the expandable member 12
transitions between the compressed state and the expanded state that helps the expandable
member to better engage with the embolic obstruction. In alternative embodiments, the
cell structures 26 of the expandable member 12 are specifically arranged to produce a

desired twisting action during expansion of the expandable member 12. In this manner,
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different expandable members each having different degrees of twisting action may be

made available to treat, for example, different types of embolic obstructions.

[0035] To enhance visibility of the device under fluoroscopy, the expandable
member may be fully or partially coated with a radiopaque material, such as tungsten,
platinum, platinum/iridium, tantalum and gold. Alternatively, or in conjunction with the
use of a radiopaque coating, radiopaque markers 60 may be positioned at or near the
proximal and distal ends 20 and 22 of the expandable device and/or along the proximal
and distal wire segments 42 and 50 and/or on selected expandable member strut
segments. In one embodiment, the radiopaque markers 60 are radiopaque coils, such as

platinum coils.

[0036] Figurc 4A depicts a vascular trcatment device 100 in a two-dimensional
planc view in another embodiment of the present invention. In its manufactured and/or
expanded tubular configuration, device 100 has a similar construction as device 10 shown
in Figure 1B. Like device 10 described above in conjunction with Figures 1A and 1B,
device 100 includes a self-expandable member 112 that is coupled to an clongate flexible
wire 140. The expandable member 112 includes a proximal end portion 114, a
cylindrical main body portion 116 and a distal end portion 118. As mentioned above,
delivery of the expandable member 112 in its unexpanded state to the treatment site of a
patient is accomplished in one manner by placing the expandable member 112 into the
proximal end of a delivery catheter and pushing the expandable member 112 through the
lumen of the delivery catheter until it reaches a distal end of the catheter that has been
previously placed at or across the treatment site. The proximally extending elongate
flexible wire 140 which is attached to or coupled to the proximal end 120 of the
expandable member 112 is designed to transmit a pushing force applied to it to its
connection point with the elongate flexible member 112. As shown in Figure 4A, and in
more detail in Figure 4B, device 100 is distinguishable from the various embodiments of
device 10 described above in that the proximal-most cell structures 128 and 130 in the
proximal end portion 114 include strut elements having a width dimension W1 larger

than the width dimension W2 of the other strut elements within the expandable member
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112. As shown, the proximal-most wall sections 160, 162 and 164 of cell structures 128
are made of struts having width W1. Moreover, all the struts of the proximal-most cell
structure 130 have an enhanced width W1. The inclusion and placement of the struts
with width W1 provides several advantages. One advantage is that they permit the push
force applied by the distal end of the clongate wire 140 to the proximal end 120 of
clongate member 112 to be more evenly distributed about the circumference of the
expandable member 112 as it is being advanced through the tortuous anatomy of a
patient. The more evenly distributed push force minimizes the formation of localized
high force components that would otherwise act on individual or multiple strut elements
within the expandable member 112 to cause them to buckle. Also, by including the struts
of width W1 in the peripheral regions of proximal end portion 114, they greatly inhibit
the tendency of the proximal end portion 114 to buckle under the push force applicd to it
by clongate wire 140. In one exemplary embodiment the as-cut width dimension W1 is
about 0.0045 inches and the as-cut width dimension W2 is about 0.003 inches. As
discussed above, post-polishing of the device generally involves an etching process that

typically results in a 40% to 50% reduction in the as-cut cross-sectional dimensions.

[0037] It is important to note that although the width dimension W1 is shown as
being the same among all struts having an enhanced width, this is not required. For
example, in one embodiment wall segments 158 may have an enhanced width dimension
greater than the enhanced width dimension of wall segments 160, and wall segments 160
may have an enhanced width dimension greater than the enhanced width dimension of
wall segments 162, and so on. Moreover, the inner strut elements 166 of the proximal-
most cell structure 130 may have an enhanced width dimension less than the enhanced
width dimensions of struts 158. Also, in alternative embodiments, the radial thickness
dimension of struts 158, 160, 162, 164, c¢tc. may be enhanced in licu of the width

dimension or in combination thereof.
[0038] In yet another embodiment, as shown in Figure 5, some of the strut

elements 180 in the distal end portion 118 of the expandable member 112 have a mass

greater than that of the other struts to resist buckling and possible breaking of the struts as
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device 100 is advanced to a treatment site of a patient. In the embodiment shown, struts
180 are dimensioned to have the same width as distal wire segment 150. In alternative
embodiments, the thickness dimension of struts 180 may be enhanced in lieu of the width

dimension or in combination thereof.

[0039] Figures 6A and 6B illustrate a vascular treatment device 200 in accordance
with another embodiment of the present invention. Figure 6A depicts device 200 in a
two-dimensional plane view as if the device were cut and laid flat on a surface. Figure 6B
depicts the device in its manufactured and/or expanded tubular configuration. Device
200 includes an expandable member 212 having a proximal end portion 214, a cylindrical
main body portion 216 and a distal end portion 218 with an eclongate flexible wire 240
attached to or otherwise coupled to the proximal end 220 of the expandable member. The
construction of device 200 is similar to device 100 described above in conjunction with
Figures 4A cxcept that the proximal wall segments 260 of cell structures 228 and 230
comprise linear or substantially linecar strut elements as viewed in the two dimension
plane view of Figure 6A. In one embodiment, the linear strut elements 260 are aligned to
form continuous and substantially linear rail segments 270 that extend from the proximal
end 220 of proximal end portion 214 to a proximal-most end of main body portion 216
(again, as viewed in the two dimension plane view of Figure 6A) and preferably are of
the same length, but may be of different lengths. When the pattern of Figure 6A is
applied to laser cutting a tubular structure, the resulting expandable member
configuration is that as shown in Figure 6B. As shown in Figure 6B, rail segments 270
are not in fact linear but are of a curved and non-undulating shape. This configuration
advantageously provides rail segments 270 devoid of undulations thereby enhancing the
rail segments” ability to distribute forces and resist buckling when a push force is applied
to them. In alternative preferred embodiments, the angle 8 between the wire segment 240
and rail segments 270 ranges between about 140 degrees to about 150 degrees. In one
embodiment, one or both of the linear rail segments 270 have a width dimension W1
which is greater than the width dimension of the adjacent strut segments of cell structures
228 and 230. An enhanced width dimension W1 of one or both the linear rail segments

270 further enhances the rail segments” ability to distribute forces and resist buckling
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when a push force is applied to them. In another implementation, one or both of the
linear rail segments 270 are provided with an enhanced thickness dimension, rather than
an enhanced width dimension to achieve the same or similar result. In yet an alternative
implementation, both the width and thickness dimensions of one or both of the linear rail
segments 270 are enhanced to achieve the same or similar results. In yet another
implementation, the width and/or thickness dimensions of each of the rail segments 270
differ in a manner that causes a more even compression of the proximal end portion 214
of the expandable member 212 when it is loaded or retrieved into a delivery catheter or

sheath (not shown).

[0040] Figures 7A and 7B illustratc a vascular treatment device 300 in accordance
with another embodiment of the present invention. Figure 7A depicts device 300 in a
two-dimensional planc view as if the device were cut and laid flat on a surface. Figure 7B
depicts the device in its manufactured and/or expanded tubular configuration. Device
300 includes an expandable member 312 having a proximal end portion 314, a cylindrical
main body portion 316 and a distal end portion 318 with an clongate flexible wire 340
attached to or otherwise coupled to the proximal end 320 of the expandable member. The
construction of device 300 is similar to device 200 described above in conjunction with
Figures 6A and 6B except that the proximal-most cell structure 330 comprises a
substantially diamond shape as viewed in the two-dimensional plane of Figure 7A. The
substantially diamond-shaped cell structure includes a pair of outer strut elements 358
and a pair of inner strut elements 360, each having an enhanced width and/or enhanced
thickness dimension as previously discussed in conjunction with the embodiments of
Figures 4 and 6. In alternative preferred embodiments, the inner strut elements 360
intersect the outer strut elements 358 at an angle B between about 25.0 degrees to about
45.0 degrees as viewed in the two-dimensional plane view of Figure 7A. Maintaining the
angular orientation between the inner and outer struts within in this range enhances the
pushabilty of the expandable member 312 without the occurrence of buckling and
without substantially affecting the expandable member’s ability to assume a very small

compressed diameter during delivery.
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[0041] In one embodiment, the inner strut elements 360 have a mass less than that
of the outer strut elements 358 that enables them to more easily bend as the expandable
member 312 transitions from an expanded state to a compressed state. This assists in
achieving a very small compressed diameter. In another embodiment, as shown in Figure
7C, the inner strut elements 360 are coupled to the outer strut elements 358 by curved
elements 361 that enable the inner strut elements 360 to more casily flex when the

expandable member 312 is compressed to its delivery position.

[0042] Figure & illustrates an alternative embodiment of a vascular treatment
device 400. Device 400 has a similar construction to that of device 200 depicted in
Figures 6A and 6B with the exception that the expandable member 412 of device 400 is
connected at its proximal end portion 414 with two distally extending clongate flexible
wircs 440 and 441. As illustrated, wirc 440 is attached to or otherwise coupled to the
proximal-most end 420 of proximal end portion 414, while wire 441 is attached to or
otherwise coupled to the distal-most end 422 of the proximal end portion 414 at the
junction with rail segment 470. In yet another embodiment, an additional clongate
flexible wire (not shown) may be attached to the distal-most end 424. The use of two or
more clongate flexible wires 440 and 441 to provide pushing forces to the proximal end
portion 414 of elongate member 412 advantageously distributes the pushing force applied

to the proximal end portion 414 to more than one attachment point.

[0043] Figure 10 illustrates a two-dimensional plane view of a vascular treatment
device 500 in another embodiment of the present invention. In the embodiment of Figure
10, expandable member 512 includes a plurality of generally longitudinal undulating
clements 524 with adjacent undulating elements being out-of-phase with one another and
connected in a manner to form a plurality of diagonally disposed cell structures 526. The
expandable member 512 includes a cylindrical portion 516 and a distal end portion 518
with the cell structures 526 in the main body portion 516 extending continuously and
circumferentially around a longitudinal axis 530 of the expandable member 512. The cell
structures 526 in the distal end portion 518 extend less than circumferentially around the

longitudinal axis 530 of the expandable member 512. Attached to or otherwise coupled
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to ecach of the proximal-most cell structures 528 are proximally extending elongate
flexible wires 540. The use of multiple elongate flexible wires 540 enables the pushing
force applied to the proximal end of the expandable member 512 to be more evenly
distributed about its proximal circumference. In another embodiment, although not
shown in Figure 10, the proximal-most strut elements 528 have a width and/or thickness
greater than the struts in the other portions of the expandable member 512. Such a
feature further contributes to the push force being evenly distributed about the
circumference of the expandable member 512 and also inhibits the strut elements directly

receiving the push force from buckling.

[0044] Figures 11A and 11B illustratc a vascular trecatment device 600 in
accordance with another cmbodiment of the present invention. Figure 11A depicts device
600 in a two-dimensional plane view as if the device were cut and laid flat on a surface.
Figure 11B depicts the device in its manufactured and/or expanded tubular configuration.
In the embodiment of Figures 11A and 11B, expandable member 612 includes a plurality
of generally longitudinal undulating elements 624 with adjacent undulating elements
being interconnected by a plurality of curved connectors 628 to form a plurality of
closed-cell structures 626 disposed about the length of the expandable member 612. In
the embodiment shown, the expandable member 612 includes a proximal end portion 614
and a cylindrical portion 616 with the cell structures 626 in the cylindrical portion 616
extending continuously and circumferentially around a longitudinal axis 630 of the
expandable member 612. The cell structures 626 in the proximal end portion 614 extend
less than circumferentially around the longitudinal axis 630 of the expandable member
612. In an alternative embodiment, the expandable member 612 includes a proximal end
portion, a cylindrical main body portion and a distal end portion, much like the
expandable member 12 depicted in Figures 1A and 1B. In such an embodiment, the cell
structures 626 in the distal end portion of the expandable member would extend less than
circumferentially around the longitudinal axis 630 of the expandable member 612 in a
manner similar to the proximal end portion 614 shown in Figure 11A. Moreover, it is
appreciated that the expandable members of Figures 1A, 4A, 6A, 7A, 7C, 10, 14, 15 and

19-24 may be modified in a way so as to climinate the distal end portion (¢.g., distal end
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portion 18 in Figure 1A) so that there exists only a proximal end portion and main body

portion like that of Figure 11A.

[0045] Figure 12 illustrates a vascular treatment device 700 in accordance with
another embodiment of the present invention. Figure 12 depicts device 700 in a two-
dimensional plane view as if the device were cut and laid flat on a surface. In the
embodiment of Figure 12, expandable member 712 includes a plurality of generally
longitudinal undulating elements 724 with adjacent undulating elements being
interconnected by a plurality of curved connectors 728 to form a plurality of closed-cell
structures 726 disposed about the length of the expandable member 712. In the
embodiment shown, the expandable member 712 includes a cylindrical portion 716 and a
distal end portion 718 with the cell structures 726 in the cylindrical portion 716 extending
continuously and circumferentially around a longitudinal axis 730 of the expandable
member 712. The cell structures 726 in the distal end portion 718 extend less than
circumferentially around the longitudinal axis 730 of the expandable member 712. In a
manner similar to that described in conjunction with the embodiment of Figure 10,
attached to or otherwise coupled to each of the proximal-most cell structures 728 are
proximally extending elongate flexible wires 740. This arrangement enables the pushing
force applied to the proximal end of the expandable member 712 to be more evenly
distributed about its proximal circumference. In another embodiment, although not
shown in Figure 12, the proximal-most strut elements 730 have a width and/or thickness
greater than the struts in the other portions of the expandable member 712. Such a
feature further contributes to the push force being evenly distributed about the
circumference of the expandable member 712 and also inhibits the strut elements directly

receiving the push force from buckling.

[0046] As previously discussed, in use, the expandable members of the present
invention are advanced through the tortuous vascular anatomy of a patient to a treatment
site, such as an embolic obstruction, in an unexpanded or compressed state of a first
nominal diameter and are movable from the unexpanded state to a radially expanded state

of a second nominal diameter greater than the first nominal diameter for deployment at
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the treatment site. One manner of delivering and deploying expandable member 912 at
the site of an embolic obstruction 950 is shown in Figures 13A through 13C. As shown
in Figure 13A, a delivery catheter 960 having an inner lumen 962 is advanced to the site
of the embolic obstruction 950 so that its distal end 964 is positioned distal to the
obstruction. After the delivery catheter 960 is in position at the embolic obstruction 950,
the retrieval device 900 is placed into the delivery catheter by introducing the expandable
member 912 into a proximal end of the delivery catheter (not shown) and then advancing
the expandable member 912 through the lumen 962 of the delivery catheter by applying a
pushing force to elongate flexible wire 940. By the use of radiopaque markings and/or
coatings positioned on the delivery catheter 960 and device 900, the expandable member
912 is positioned at the distal end of the delivery catheter 960 as shown in Figure 13B so
that the main body portion 916 is longitudinally aligned with the obstruction 950.
Deployment of the expandable member 912 is achieved by proximally withdrawing the
delivery catheter 960 while holding the expandable member 912 in a fixed position as
shown in Figure 13C. Once the expandable member 912 has been deployed to an
expanded position within the obstruction 950, the expandable member 912 is retracted,
along with the delivery catheter 960, to a position outside the patient. In one
embodiment, the expandable member 912 is first partially retracted to engage with the
distal end 964 of the delivery catheter 960 prior to fully retracting the devices from the

patient.

[0047] In one embodiment, once the expandable member 912 is expanded at the
obstruction 950, it is left to dwell there for a period of time in order to create a perfusion
channel through the obstruction that causes the obstruction to be lysed by the resultant
blood flow passing through the obstruction. In such an embodiment, it is not necessary
that the expandable member 912 capture a portion of the obstruction 950 for retrieval
outside the patient. When a sufficient portion of the obstruction 950 has been lysed to
create a desired flow channel through the obstruction, or outright removal of the
obstruction is achieved by the resultant blood flow, the expandable member 912 may be

withdrawn into the delivery catheter 960 and subsequently removed from the patient.
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[0048] In another embodiment, the expandable member 912 is expanded at the
obstruction 950 and left to dwell there for a period of time in order to create a perfusion
channel through the obstruction that causes the obstruction to be acted on by the resultant
flow in a manner that makes the embolic obstruction more easily capturable by the
expandable member and/or to make it more easily removable from the vessel wall of the
patient. For example, the blood flow created through the embolic obstruction may be
made to flow through the obstruction for a period of time sufficient to change the
morphology of the obstruction that makes it more easily captured by the expandable
member and/or makes it more easily detachable from the vessel wall. As in the preceding
method, the creation of blood flow across the obstruction 950 also acts to preserve tissue.
In onc embodiment, the blood flow through the obstruction may be used to lyse the
obstruction. However, in this modified method, lysing of the obstruction is performed for
the purposc of prcparing the obstruction to be more casily captured by the cxpandable
member 912, When the obstruction 950 has been properly prepared, for example by
creating an obstruction 950 of a desired nominal inner diameter, the expandable member
912 is deployed from the distal end 964 of the delivery catheter 940 to cause it to engage
with the obstruction. Removal of all, or a portion, of the obstruction 950 from the patient

is then carried out in a manner similar to that described above.

[0049] In yet another embodiment, once the expandable member 912 has been
delivered and expanded inside the obstruction 950, it may be detached from the clongate
wire 940 for permanent placement within the patient. In such an embodiment, the
manner in which the elongate wire 940 is attached to the expandable member 912 allows
the two components to be detached from one another. This may be achieved, for
example, by the use of a mechanical interlock or an erodable electrolytic junction

between the expandable member 912 and the elongate wire 940.
[0050] As described herein, the expandable members of the various embodiments

may or may not include distal wire segments that are attached to their distal ends. In

alternative preferred embodiments, vascular treatment devices that are configured to
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permanently place an expandable member at the site of an embolic obstruction do not

include distal wire segments attached to the distal ends of the expandable members.

[0051] One advantage associated with the expandable member cell patterns of the
present invention is that withdrawing the expandable members by the application of a
pulling force on the proximal elongate wire flexible wire urges the expandable members
to assume a smaller expanded diameter while being withdrawn from the patient, thus
decreasing the likelihood of injury to the vessel wall. Also, during clot retrieval as the
profile of the expandable members decrease, the cell structures collapse and pinch down
on the clot to increase clot retrieval efficacy. Another advantage is that the cell patterns
permit the expandable members to be retracted into the lumen of the delivery catheter
after they have been partially or fully deployed. As such, if at any given time it is
dctermined that the expandable member has been partially or fully deployed at an
improper location, it may be retracted into the distal end of the delivery catheter and

repositioned to the correct location.

[0052] With reference to Figure 14, a modified version of the vascular treatment
device 200 of Figure 6A is shown that includes thin strut elements 280 intersecting at
least some of the cell structures 226 located in the cylindrical main body portion 216 of
expandable member 212. The thin strut elements 280 are dimensioned to have a width of
less than the strut elements 282 that form the cell structures 226. In alternative
exemplary embodiments, strut elements 280 have an as-cut or polished width dimension
that is between about 25% to about 50% smaller than the respective as-cut or polished
width dimension of struts 262. When used for the purpose of clot retrieval, a purpose of
the thin struts 280 is to enhance the expandable member’s ability to engage with and
capture an embolic obstruction. This is accomplished by virtue of several factors. First,
the thinner width dimensions of the struts 280 make it easier for the struts to penctrate the
obstruction. Second, they act to pinch portions of the entrapped obstruction against the
outer and wider strut clements 282 as the expandable member is deployed within the
obstruction. Third, they may be used to locally enhance radial forces acting on the

obstruction. It is important to note that the use of thin strut elements 280 is not limited to
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use within cell structures 226 that reside within the cylindrical main body portion 216 of
the expandable member 212. They may be strategically positioned in any or all of the
cell structures of the expandable member. Moreover, it is important to note that the use
of thin strut elements 280 is not limited to the embodiment of Figures 6, but are
applicable to all the various embodiments disclosed herein. Lastly, in alternative
exemplary embodiments, as shown in Figure 15, multiple thin strut elements 280 are
provided within one or more of the cell structures 226, and may also be used in
conjunction with cell structures that have a single thin strut element and/or cell structures

altogether devoid of thin strut elements.

[0053] In the trecatment of ancurysms when the treatment device is used for the
purposc of diverting flow, the density of the cell structures 226 is sufficient to effectively
divert flow away from the ancurysm sack. In alternative embodiments in lieu of, or in
combination with adjusting the density of the cell structures 226, intermediate strut
clements similar to the strut elements 280 of Figures 14 and 15 are used to increase the
effective wall surface of the expandable member. In these embodiments, the intermediate
strut elements may have the same, smaller, larger, or any combination thereof,
dimensional characteristics of the cell structure struts. Conversely, in alternative
embodiments for use in the treatment of aneurysms for the purpose placing coils or other
like structures within the sack of the aneurysm, the size of the cell structures 226 is

sufficient to facilitate passage of the coils through the cell structures.

[0054] Figure 16 illustrates a treatment device according to the embodiment of
Figures 6A and 6B, wherein the pushability of the expandable member 212 during its
advancement to the treatment site of a patient is enhanced by the inclusion of an internal
wire segment 241 that extends between the proximal end 220 and distal end 222 of the
expandable member 212. In this manner, the pushing force applied by elongate wire 240
is transmitted to both the proximal and distal ends of expandable device. The internal
wire segment may be a discrete clement that is attached to the proximal and distal ends of
the expandable member, or may preferably be a co-extension of the elongate flexible wire

240. During delivery of the expandable member 212 to the treatment site in its
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compressed state, the internal wire segment 241 assumes a substantially straight or linear
configuration so as to adequately distribute at least a part of the pushing force to the distal
end 222 of the expandable member. When the expandable member 212 expands, it tends
to foreshorten causing slack in the internal wire segment 241 that forms a long-pitched
helix within the expandable member as shown in Figure 16. An additional advantage
associated with the use the internal wire segment 241 is that the formation of the internal
helix upon expansion of the expandable member 212 assists in capturing the embolic

obstruction.

[0055] In an alternative embodiment, as shown in Figure 17, the pushability of the
expandable member 212 during its advancement to the treatment site of a patient is
enhanced by the inclusion of an cxternal wire segment 243 that extend between the
proximal end 220 and distal end 222 of the expandable member 212. In this manner, the
pushing force applicd by the clongate wirc 240 is transmitted to both the proximal and
distal ends of the expandable device. The external wire segment may be discrete element
that is attached to the proximal and distal ends of the expandable member, or may
preferably be a co-extension of the clongate flexible wire 240. During delivery of the
expandable member 212 to the treatment site in its compressed state, the external wire
segment 243 assumes a substantially straight or linear configuration so as to adequately
distribute at least a part of the pushing force to the distal end 222 of the expandable
member. When the expandable member 212 expands, it tends to foreshorten causing
slack in the external wire segment 243 as shown in Figure 17. An additional advantage
associated with the use of the external wire segment 243 is that it directly acts on the
obstruction while the expandable member 212 is expanded to assist in engaging and

capturing the embolic obstruction.

[0056] In yet another embodiment, a distal emboli capture device 251 is disposed
on the distal wire segment 250, or otherwise attached to the distal end 222, of expandable
member 212 as shown in Figure 18. The function of the distal emboli capture device 251
is to capture emboli that may be dislodged from the embolic obstruction during the

expansion of the expandable member 212 or during its removal from the patient to
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prevent distal embolization. In Figure 18, the distal emboli capture device is shown as a
coil. In alternative embodiments, baskets, embolic filters or other known emboli capture
devices may be attached to the distal end 222 or distal wire segment 250 of expandable

member 12.

[0057] Again, as with the embodiments of Figures 14 and 15, it is important to
note that the features described in conjunction with Figures 16, 17 and 18 are not limited
to the embodiment of Figures 6, but are applicable to all the various embodiments

disclosed herein.

[0058] Figurc 19 illustrates a bodily duct or vascular treatment device 1000 in
accordance with another embodiment of the present invention. Figure 19 depicts device
1000 in a two-dimensional planc view as if the device werce cut and laid flat on a surface.
Device 1000 includes an expandable member 1012 having a proximal end portion 1024, a
cylindrical main body portion 1026 and a distal end portion 1028 with an clongate
flexible wire 1014 attached to or otherwise coupled to the proximal end 1020 of the
expandable member. The construction of device 1000 is similar to device 200 described
above in conjunction with Figures 6A except that the cell structures 1018 and 1019 in the
proximal end portion 1024 are more closely symmetrically arranged than the cell
structures in the proximal end portion 214 of device 200. The more substantial
symmetrical arrangement of the cell structures in the proximal end portion 1024 of device
1000 facilitates the loading or retrieval of the expandable member 1012 into a lumen of a
delivery catheter or sheath (not shown) by causing the proximal end portion 1024 to
collapse more evenly during compression. The proximal wall segments 1016 of cell
structures 1018 and 1019 comprise linear or substantially linear strut elements as viewed
in the two dimension plane view of Figure 19. In one embodiment, the linear strut
elements 1016 are aligned to form continuous and substantially linear rail segments 1017
that extend from the proximal end 1020 of proximal end portion 1024 to a proximal-most
end of main body portion 1026 (again, as viewed in the two dimension plane view of
Figure 19) and preferably are of the same length. In alternative embodiments, the angle 6

between the wire segment 1014 and rail segments 1017 ranges between about 140
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degrees to about 150 degrees. In one embodiment, one or both of the linear rail segments
1017 have a width dimension W1 which is greater than the width dimension of the
adjacent strut segments of cell structures 1018 and/or 1019 and/or 1030. An enhanced
width dimension W1 of one or both the linear rail segments 1017 further enhances the rail
segments” ability to distribute forces and resist buckling when a push force is applied to
them. In another implementation, one or both of the linear rail segments 1017 are
provided with an enhanced thickness dimension, rather than an enhanced width
dimension to achieve the same or similar result. In yet an alternative implementation,
both the width and thickness dimensions of one or both of the linear rail segments 1017
are enhanced to achieve the same or similar results. In yet another implementation, the
width and/or thickness dimensions of cach of the rail segments 1017 differ in a manner
that causes a more even compression of the proximal end portion 1024 of the expandable
member 1012 when it is collapsed as it is loaded or retrieved into a delivery catheter or

sheath.

[0059] Although the description that follows is directed to the embodiment of
Figure 19, it is important to note that the provision of a slit as contemplated by the
embodiments of Figures 20-22 are applicable to all the vascular treatment devices

described herein, and their numerous embodiments and modifications thereof.

[0060] Turning now to Figure 20, the treatment device 1000 of Figure 19 is
depicted having a longitudinal slit 1040 that extends from the proximal end 1020 to the
distal end 1022 of the expandable member 1012. The slit 1040 permits the cell structures
1018, 1019 and 1030 to move relative to one another in a manner that inhibits the
individual strut elements 1032 of the expandable member 1012 from buckling during
compression of the expandable member 1012 as it is loaded or retrieved into a delivery
catheter or sheath. In alternative embodiments, slit 1040 extends less than the entire
length of expandable member 1012 and is arranged to inhibit buckling of strategically
important strut clements that most affect the expandable member’s ability to be
effectively loaded or withdrawn into a delivery catheter or sheath. For example, in one

embodiment, slit 1040 is provided only in the proximal end portion 1024 of the



WO 2011/006013 PCT/US2010/041434

expandable member 1012 where the likelihood of buckling or bending of struts 1032 is
most likely to occur. In another embodiment, slit 1040 is provided in both the proximal
end portion 1024 and the cylindrical main body portion 1026 of expandable member
1012.

[0061] Figure 21 illustrates the treatment device 1000 of Figure 19 having a
diagonally disposed/spiral slit 1050 that extends the entire circumference of the
expandable member 1012. In one embodiment, as illustrated in Figure 21, the spiral slit
1050 originates at the distal position, or at a point adjacent to the distal position, of the
proximal end portion 1024 of expandable member 1012. With respect to the
embodiments having lincar rail scgments, such as the linear rail segments 1017 of Figure
19, the spiral slit 1050 originates at the distal position 1021 of one of the lincar rail
scgments 1017, or at a point distally adjacent to the distal position 1021, as shown in
Figure 21. Testing of the various vascular treatment devices described herein has shown
that the occurrence of buckling tends to occur at the strut elements located adjacent to the
distal positions of the proximal end portions of the expandable members. This
phenomenon is exacerbated in the expandable members having proximal end portions
with linear rail segments. For this reason, and with reference to Figure 21, the originating
point of spiral slit 1050 is located at or adjacent to a distal position 1021 of one of the
linear rail segments 1017. An advantage of the diagonally disposed and/or spiral slit
configuration of Figure 21 is that it originates where the buckling tends to originate and
further inhibits buckling of strut elements 1032 along the length of the expandable
member 1012. As shown in Figure 22, in alternative embodiments slit 1050 extends
diagonally along only a portion of the circumference of the cylindrical main body portion
1026 of the expandable member 1012. In the embodiment of Figure 22, slit 1050
originates at the distal position 1021 of linear rail segment 1017. In alternative
embodiments, where buckling of individual strut elements 1032 originate at a point other
than at the distal point of the proximal end portion 1024 of the expandable member 1012,
the originating point of the slit 1050 is located at the origination point of the bucking

(absent the slit 1050) and extends in a longitudinal direction distally therefrom.
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[0062] Figure 23 illustrates a bodily duct or vascular treatment device 2000 in
accordance with an embodiment of the present invention. Figure 23 depicts device 2000
in a two-dimensional plane view as if the device were cut and laid flat on a surface.
Device 2000 includes a self-expandable member 2012 that is attached or otherwise
coupled to an elongate flexible wire 2040 that extends proximally from the expandable
member 2012. In one embodiment, the expandable member 2012 is made of shape
memory material, such as Nitinol, and is preferably laser cut from a tube. In one
embodiment, the expandable member 2012 has an integrally formed proximally
extending wire segment 2042 that is used to join the elongate flexible wire 2040 to the
expandable member 2012. In such an embodiment, flexible wire 2040 may be joined to
wire scgment 2042 by the use of solder, a weld, an adhesive, or other known attachment
method. In an alternative embodiment, the distal end of flexible wire 2040 is attached

directly to a proximal end 2020 of the cxpandable member 2012.

[0063] In the embodiment of Figure 23, expandable member 2012 includes a
plurality of generally longitudinal undulating elements 2024 with adjacent undulating
elements being coupled to one another in a manner to form a plurality of
circumferentially-aligned cell structures 2026. The expandable member 2012 includes a
proximal end portion 2013, a cylindrical main body portion 2014 and a distal end portion
2015 with the cell structures 2026 in the main body portion 2014 extending continuously
and circumferentially around a longitudinal axis 2032 of the expandable member 2012.
The cell structures in the proximal end portion 2013 and distal end portion 2015 extend
less than circumferentially around the longitudinal axis 2032 of the expandable member
2012. The proximal wall segments 2016 of cell structures 2027, 2028, 2029 and 2030
comprise linear or substantially linear strut elements as viewed in the two dimension
plane view of Figure 23. In one embodiment, the linear strut elements 2016 are aligned
to form continuous and substantially linear rail segments 2017 that extend from the
proximal end 2020 of proximal end portion 2013 to a proximal-most end of main body
portion 2014 (again, as viewed in the two dimension plane view of Figure 23) and
preferably are of the same length. As described above in conjunction with Figures 6A

and 6B, rail segments 2017 are not in fact linear but are of a curved and non-undulating
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shape. This configuration advantageously provides rail segments 2017 devoid of
undulations thereby enhancing the rail segments’ ability to distribute forces and resist
buckling when a push force is applied to them. In alternative preferred embodiments, the
angle 0 between the wire segment 2042 or 2040, which ever the case may be, and rail
segments 2017 ranges between about 140 degrees to about 150 degrees. In one
embodiment the linear rail segments 2017 have a width dimension which is greater than
the width dimension of the adjacent strut segments of cell structures 2027 and/or 2028
and/or 2029 and/or 2030 and/or 2026. An enhanced width of the linear rail segments
2017 further enhances the rail segments” ability to distribute forces and resist buckling
when a push force is applied to the expandable member. In another implementation the
lincar rail segments 2017 are provided with an enhanced thickness dimension, rather than
an enhanced width dimension to achicve the same or similar result. In yet an alternative
implecmentation, both the width and thickness dimensions of the linear rail scgments 2017

are enhanced to achieve the same or similar results.

[0064] In one embodiment, the width and/or thickness of the internal strut
elements 2080 of proximal-most cell structure 2027 is also enhanced so as to resist
buckling of these elements while the expandable member is being pushed through a
sheath or delivery catheter. In one exemplary embodiment, the “as-cut” nominal widths
of the enhanced strut elements 2016 and 2080 are about 0.0045 inches, while the “as-cut”

nominal width of the other strut elements are about 0.003 inches.

[0065] Figures 24A and 24B illustrate a vascular treatment device 3000 of
another embodiment of the present invention. Figure 24A depicts device 3000 in a two-
dimensional plane view as if the device were cut and laid flat on a surface. Figure 24B
depicts the device in its manufactured and/or expanded tubular configuration. The
overall design of device 3000 is similar to the design of device 2000 depicted and
described above in reference to Figure 23. The primary difference between the two
designs lays in the length “L” to width “W? ratio of the cell structures 2026, 2027, 2028,
2029 and 2030. The length to width ratios of the cells structures of Figure 24A are

generally greater than the length to width ratios of the respective cell structures of Figure
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23. As illustrated, the lengths “L” of the cell structures of the device of Figure 24A, in
the “as-cut” configuration are generally greater than the lengths of the respective cell
structures of Figure 23, while the widths “W” of the cell structures of the device of Figure
24A are generally smaller than the width of the respective cell structures of Figure 23.
As a result, the slope of the individual strut elements 2040 in the cell structures of Figure
24A are generally smaller than the slopes of the respective strut elements in the cell
structures of Figure 23. By reducing the slope of the strut elements 2040 and leaving the
other dimensional and material characteristics constant, the effective radial force along
the length of the struts 2040 is reduced. The effect of such a reduction is that the
summation of axial force components along lines A-A of the device of Figure 24 more
closcly matches the summation of the radial forcc components along lines B-B as
compared to the device of Figure 23. Through cxperimentation, the inventors have
discovered that an “as-cut” cell structure length to width ratio of greater than about 2.0,
and an “expanded” cell structure length to width ratio of a greater than about 1.25,
advantageously resulted in a longitudinal radial force distribution along the length of the
expandable member 2012 that enhanced the expandable member’s ability to be pushed

through and withdrawn into a lumen of a delivery catheter.

[0066] Figures 26, 27A and 27B illustrate an expandable member 5000 in
another implementation. Expandable member 5000 includes a plurality of generally
longitudinal undulating elements 5024 with adjacent undulating elements being out-of-
phase with one another and connected in a manner to form a plurality of diagonally
disposed cell structures 5026 angularly disposed between about 40.0 to about 50.0
degrees with respect to one another. In one implementation, the cell structures are
diagonally displaced along about a 45.0 degree line. The expandable member 5000
includes a proximal end portion 5014, a cylindrical main body portion 5016 and a distal
end portion 5018 with the cell structures 5026 in the main body portion 5016 extending
continuously and circumferentially around a longitudinal axis of the expandable member
5000. The cell structures 5026 in the proximal end portion 5014 and distal end portion
5018 extend less than circumferentially around the longitudinal axis of the expandable

member 5000. In one implementation, the expandable member has an unexpanded or
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crimped nominal diameter of about 1.0 millimeters and a designed maximum implantable

diameter of about 4.0 millimeters.

[0068] In one embodiment, expandable member 5000 has an overall length
dimension A of about 36.0 + 2.0 millimeters with the main body portion 5016 having a
length P of about 19.0 = 2.0 millimeters. In one implementation the strut width
dimension N and thickness dimension O within the main body portion 5016 arc about
0.0021 + 0.0004 inches and about 0.0032 + 0.0005 inches, respectively, while the strut
width dimension L of the proximal rails 5030 is about 0.0039 + 0.004 inches.

[0069] In use, cxpandable member 5000 is advanced through the tortuous
vascular anatomy or bodily duct of a patient to a trcatment sitc in an unexpanded or
compressed state (not shown) of a first nominal diamcter and is movable from the
uncxpanded statc to a radially expanded state of a second nominal diameter greater than
the first nominal diameter for deployment at the treatment site. In alternative exemplary
embodiments the first nominal diameter (e.g., average diameter of main body portion
5016) ranges between about 0.017 to about 0.030 inches, whereas the second nominal
diameter (e.g., average diameter of main body portion 5016) is between about 2.5 to
about 5.0 millimeters. In one implementation, the dimensional and material
characteristics of the cell structures 5026 residing in the main body portion 5016 of the
expandable material 5000 are selected to produce sufficient radial force and contact
interaction to cause the cell structures 5026 to engage with an embolic obstruction
residing in the vascular in a manner that permits partial or full removal of the embolic
obstruction from the patient. In other embodiments the dimensional and material
characteristics of the cell structures 5026 in the main body portion 5016 are selected to
produce a radial force per unit length of between about 0.005 N/mm to about 0.050
N/mm, preferable between about 0.010 N/mm to about 0.050 N/mm, and more preferably
between about 0.030 N/mm and about 0.050 N/mm. In one embodiment, the diameter of
the main body portion 5016 in a designed fully expanded implanted state is about 4.0
millimeters with the cell pattern, strut dimensions and material being selected to produce

a radial force of between about 0.030 N/mm to about 0.050 N/mm when the diameter of
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the main body portion is reduced to 1.5 millimeters. In the same or alternative
embodiment, the cell pattern, strut dimensions and material(s) are selected to produce a
radial force of between about 0.010 N/mm to about 0.020 N/mm when the diameter of the

main body portion is reduced to 3.0 millimeters.

[0070] In one implementation, as shown in the graph of Figure 29, the cell
structures are constructed to have dimensional and material characteristics to create an
overall radial force exerted along the length of the expandable member 5000 of between
about 1.50N and about 2.50N when the expandable member 5000 is in the compressed or
crimped state. About a -1.5N to a about a -3.5N overall reduction in radial force along
the length of the cxpandable member per millimeter of expansion occurs during about an
mitial 0.50mm diamectric range of cxpansion from the compressed or crimped state.
Subsequent to the about 0.5mm diametric range of expansion, about a -0.10N to about a -
0.50N overall reduction in radial force along the length of the expandable member per
millimeter of expansion occurs until a non-zero radial force value is achieved if and when
the designed maximum implanted diameter is achieved. Advantageously, the expandable
member 5000 exerts a relatively high radial force during its initial expansion to enhance
the likelihood that the struts of expandable member engage an obstruction within the duct
of a patient upon initial deployment of the device. In addition, the rate at which the radial
force diminishes is initially much greater during the initial expansion of the device than
during subsequent expansion. In the exemplary embodiment depicted by Figure 29, the
initial rate of reduction in the radial force during about the first 0.5mm of expansion is
about 20.0 to 30.0 times greater than the rate of reduction during subsequent expansions.
An advantage of this radial force characteristic is that high radial force values can be
achieved during initial deployment of the expandable member to enhance integration of
the struts of the expandable member into the duct obstruction with a subsequent large
reduction in radial force after the initial expansion, the large reduction facilitating or
enhancing the ability of the obstruction to be removed from the duct of the patient
without complications and with limited adverse interactions with the duct (e.g., less
damage to the duct wall, etc.). Another advantage of the radial force characteristics

depicted in Figure 29 is that during subsequent expansions, the rate of decrease in the
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over radial force along the length of the expandable member decreases in a linear-like
fashion at a much reduced rate providing a level predictability of the radial force being
exerted at the different expandable member diameters. Also, advantageously, the radial
force exerted by the expandable member is designed to achieve a non-zero value when

the expandable member is at a designed maximum implantable diameter.

[0071] While the above description contains many specifics, those specifics
should not be construed as limitations on the scope of the disclosure, but merely as
exemplifications of preferred embodiments thercof. For example, dimensions other than
those listcd above arc contemplated. For cxample, retricval devices having expanded
diamcters of any where between 1.0 and 100.0 millimeters and lengths of up to 5.0 to
10.0 centimeters are contemplated. Moreover, it is appreciated that many of the features
disclosed herein arc interchangeable among the various embodiments. Those skilled in
the art will envision many other possible variations that are within the scope and spirit of
the disclosure. Further, it is to be appreciated that the delivery of a vascular treatment
device of the embodiments disclosed herein is achievable with the use of a catheter, a
sheath or any other device that is capable of carrying the device with the expandable
member in a compressed state to the treatment site and which permits the subsequent
deployment of the expandable member at a vascular treatment site. The vascular
treatment site may be (1) at the neck of an aneurysm for diverting flow and/or facilitating
the placement of coils or other like structures within the sack of an aneurysm, (2) at the
site of an embolic obstruction with a purpose of removing the embolic obstruction, (3) at
the site of a stenosis with a purpose of dilating the stenosis to increase blood flow through

the vascular, etc..
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CLAIMS

1. A device comprising:

an elongate self-expandable member expandable from a first delivery position to a second
placement position, in the first delivery position the expandable member being in an
unexpanded position and having a first diameter and in the second position the expandable
member being in a radially expanded position and having a second diameter greater than the
first diameter, the expandable member comprising a plurality of cell structures, the
expandable member having a proximal end portion with a proximal end and a cylindrical
main body portion, the cell structures in the cylindrical main body portion extending
circumferentially around a longitudinal axis of the expandable member, the cell structures in
the proximal end portion extending less than circumferentially around the longitudinal axis of
the expandable member, the outer-most cell structures in the proximal end portion having
proximal-most wall segments that form first and second rail segments that each extend from a
position at or near the proximal-most end of the expandable member to a distal position at or
near the cylindrical main body portion, the proximal end portion comprising a single
proximal-most cell structure, the proximal-most cell structure having first and second
outer-most struts that extend distally from a proximal antenna, each of the first and second
outer-most struts of the proximal-most cell structure having a cross-sectional area greater than
the cross-sectional area of the struts that form the remainder of the cell structures in the
proximal end portion, the proximal-most cell structure being a closed four-sided structure
when the self-expandable member is cut and laid flat on a surface, the closed four-sided
structure comprising the first outer-most strut, the second outer-most strut, a first inner strut
and a second inner strut, the first inner strut extending distally from the first outer-most strut,
the second inner strut extending distally from the second outer-most strut, other than the first
and second outer-most struts of the proximal-most cell structure each of the first and second
inner struts of the proximal-most cell structure having a cross-sectional area greater than the

cross-sectional area of the struts that form the remainder of the cell structures in the proximal
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end portion.

2. The device of claim 1 wherein the self-expandable member has a longitudinal slit

extending along at least a portion of the length of the self-expandable member.

3. The device of claim 2 wherein the slit extends the entire length of the self-expandable.

4. The device of claim 2 wherein the slit extends diagonally along at least a portion of the
length of the self-expandable member to form a spiral that extends along at least a portion of

the circumference of the self-expandable member.

5. The device of claim 2 wherein the slit extends diagonally along at least a portion of the
length of the self-expandable member to form a spiral that extends along at least the entire

circumference of the self-expandable member.

6. The device of claim 2 wherein the slit originates at the distal position of one of the first
and second rail segments, or at a point distally adjacent to the distal position of one of the first

and second rail segments.

7. The device of claim 6 wherein the slit extends diagonally along at least a portion of the
length of the self-expandable member to form a spiral that extends along at least a portion of
the circumference of the self-expandable member.

8. The device of claim 6 wherein the slit extends diagonally along at least a portion of the
length of the self-expandable member to form a spiral that extends along at least the entire

circumference of the self-expandable member.

9. The device of claim 1 wherein the self-expandable member comprises a plurality of
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generally longitudinal undulating elements with adjacent undulating elements being

interconnected in a manner to form the plurality of cell structures.

10. The device of claim 9 wherein the plurality of adjacent undulating elements are
interconnected in a manner to cause the plurality of cell structures to be diagonally disposed

in relation to one another.

11. The device of claim 1, wherein in the radially expanded position the cylindrical main
body portion comprises along it s length a first region, a second region and a third region, the
second region disposed between the first and third regions, the second region having a

diameter greater than each of the first region and the third region.

12. The device of claim 11, wherein the diameter of the second region is between about 25.0

to about 35.0 percent greater than the diameter of each of the first and third regions.

13. The device of claim 1, wherein in the radially expanded position, the taper angle between
the elongate wire and the first and second outer-most struts of the proximal-most cell structure

is between 30.0 and 40.0 degrees as measured in the two-dimensional view.

14. The device of claim 1, wherein the length of the cylindrical main body portion is between

2.5 and 3.5 times greater than the length of the first end portion.
15. The device of claim 1, wherein the plurality of cell structures are arranged to induce
twisting of the self-expandable as the self-expandable member transitions between the

unexpanded position and the expanded position.

16. A device substantially as herein described with reference to any one of the embodiments

of the invention illustrated in the accompanying drawings and/or examples.
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