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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/005207 Al
10 January 2013 (10.01.2013) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61F 2/82 (2013.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/IL20 12/000269 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

2 July 2012 (02.07.2012) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
61/505,132 7 July 201 1 (07.07.201 1) (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): EN- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

DOSPAN LTD. [IL/IL]; Maskit Street 4, P.O. Box 12058, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
46733 Herzilyia Pituach (IL). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(72) Inventor; and
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,(75) Inventor/Applicant (for US only): SHALEV, Alon
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,[IL/IL]; Wingate Street 9, 43587 Ra'anana (IL).
ML, MR, NE, SN, TD, TG).

(74) Agents: SANFORD T. COLB & CO. et al; P.O. Box
Published:2273, 76 122 Rehovot (IL).
— with international search report (Art. 21(3))

(54) Title: STENT FIXATION WITH REDUCED PLASTIC DEFORMATION

(57) Abstract: An endovascular stent system (10) includes
first and second generally tubular stents An endovascular
stent system (10) includes first and second generally tubular
stents members (20, 22), which are shaped so as to define first
and second interface sections (40, 42), respectively, which are
securely coupleable to each other. The first interface section
(40) is shaped so as to define an opening (44). The second in
terface section (42) is shaped so as to define a neck portion
(50). When the first and second stent members (20, 22) are
coupled together, the neck portion (50) is at least in part
defined by:(a) first ones (72) of structural elements (70), posi
tioned at respective first circumferential locations, which are
configured to apply, to the opening (44), distally- and radi

FIG. 1A < 8
ally- outwardly- directed forces, without applying any proxim-

54 ally-directed forces, and (b) separate from the first structural
elements (72), second ones (74) of the structural elements
(70).

o

o



STENT FIXATION WITH REDUCED PLASTIC DEFORMATION

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority from US Provisional Patent Application

61/505,132, filed July 7, 2011, which is assigned to the assignee of the present application

and is incorporated herein by reference.

FIELD OF THE APPLICATION

The present application relates generally to prostheses and surgical methods, and

specifically to tubular prostheses, including endovascular grafts and stent-grafts, and

surgical techniques for using the prostheses to maintain patency of body passages such as

blood vessels, and treating aneurysms.

BACKGROUND OF THE APPLICATION

Endovascular prostheses are sometimes used to treat aortic aneurysms. Such

treatment includes implanting a stent or stent-graft within the diseased vessel to bypass

the anomaly. An aneurysm is a sac formed by the dilation of the wall of the artery.

Aneurysms may be congenital, but are usually caused by disease or, occasionally, by

trauma. Aortic aneurysms which commonly form between the renal arteries and the iliac

arteries are referred to as abdominal aortic aneurysms ("AAAs"). Other aneurysms occur

in the aorta, such as thoracic aortic aneurysms ("TAAs") and aortic uni-iliac ("AUI")

aneurysms. A TAA may occur downstream the aortic arch, i.e., in the descending aorta.

Alternatively, a TAA may occur in the aortic arch itself, where the aorta branches to

supply the brachiocephalic, left carotid and subclavian arteries, or may occur in the

ascending aorta.

SUMMARY OF APPLICATIONS

In some applications of the present invention, a multi-component endovascular

stent system comprises first and second generally tubular stent members configured for in

situ anastomosis therebetween. The first and second stent members are shaped so as to

define respective first and second interface sections. The first and second interface

sections are securely coupleable to each other when the first and second stent members

are in respective radially-expanded states. The first interface section is shaped so as to



define an opening having a structural circumference. The second interface section is

shaped so as to define a neck portion longitudinally flanked by proximal and distal

portions. The neck portion is generally radially narrower than the proximal and distal

portions.

The first and second stent members comprise a plurality of structural elements.

The structural circumference of the first stent member is defined by one or more of the

structural elements of the first stent member. When the first and second stent members

are coupled together in their respective radially-expanded states, the neck portion of the

second interface section is at least in part defined by:

• first ones of the structural elements of the second stent member, which are

positioned at respective first circumferential locations. Each of at least a

portion of the first structural elements is configured to apply, to the

structural circumference of the first interface section, a distally- and

radially-outwardly-directed force, without applying any proximally-directed

force; and

• separate from the first structural elements of the second stent member,

second ones of the structural elements, which are positioned at respective

second circumferential locations different from the first circumferential

locations. Each of at least a portion of the second structural elements is

configured to apply, to the structural circumference of the first interface

section, a proximally- and radially-outwardly-directed force, without

applying any distally-directed force.

The first and second structural elements collectively apply forces that are directed

distally and proximally (and radially outward), thereby coupling the neck portion of the

second interface section to the structural circumference of the first interface section.

Although the distally-directed forces are not applied at the same circumferential locations

as the proximally-directed forces, the forces together provide sufficient support to

securely couple the first and second interface sections together.

In general, in hourglass-shaped interfaces between first and second stent members,

a neck portion of the second interface section that has a more acute angle (i.e., a lower

radius of curvature) provides better fixation with the structural circumference of the first

interface section, because of the better confinement of the structural circumference in the



apex of the hourglass-shaped interface. However, when the stent members are radially

compressed for delivery, a more acute neck portion has a greater risk of undergoing

plastic deformation (i.e., exceeding the approximately 6 -9% allowable strain, beyond

which the alloy undergoes martensitic, i.e., plastic, deformation), rather than elastic

deformation. The techniques of the present invention, by using separate first and second

structural elements to provide fixation, provide the neck portion in effect with an acute

angle around the structural circumference, without necessarily including any individual

stent elements that actually have an acute angle. This reduces the risk that the stent

elements of the neck portion may undergo plastic deformation, rather than elastic

deformation, when radially compressed for delivery.

For some applications, all of the first structural elements are configured to apply

respective distally- and radially-outwardly-directed forces, and all of the second structural

elements are configured to apply respective proximally- and radially-outwardly-directed

forces. Alternatively, only a portion of the first structural elements and/or the second

structural elements are configured to apply the forces, while the remainder of the

structural elements do not apply any force to the structural circumference of the first

interface section (and, typically, do not make contact with the structural circumference).

For some applications, the first structural elements are arranged in first groups of

one to ten (e.g., one to five, such as one to three) circumferentially-adjacent first structural

elements, and the second structural elements are arranged in second groups of one to ten

(e.g., one to five, such as one to three) circumferentially-adjacent second structural

elements. The first and the second groups circumferentially alternate around the neck

portion of the second interface section. For example, each group may include exactly one

structural element, in which case the first and second structural elements circumferentially

alternate around the neck portion.

For some applications, the stent system further comprises a first graft member,

which is securely fixed to the first stent member, and/or a second graft member, which is

securely fixed to the second stent member. Each of the graft members comprises one or

more biologically-compatible substantially blood-impervious flexible sheets, which are

securely fixed to the stent members, respectively, either outside or within the stent

members.

There is therefore provided, in accordance with an application of the present



invention, apparatus including a multi-component endovascular stent system, which

includes first and second generally tubular stents members, which (a) are configured to

assume respective radially-compressed states for transluminal delivery, and respective

radially-expanded states for intraluminal fixation, and (b) include structural elements,

wherein the second stent member has proximal and distal ends,

wherein the first and the second stent members are shaped so as to define first and

second interface sections, respectively, which are securely coupleable to each other when

the first and the second stent members are in their respective radially-expanded states,

wherein the first interface section is shaped so as to define an opening having a

structural circumference defined by one or more of the structural elements of the first

stent member,

wherein the second interface section is shaped so as to define a neck portion

longitudinally flanked by proximal and distal portions, which neck portion is generally

radially narrower than the proximal and the distal portions, and

wherein, when the first and the second stent members are coupled together in their

respective radially-expanded states, the neck portion is at least in part defined by:

first ones of the structural elements of the second stent member, which are

positioned at respective first circumferential locations, wherein each of at least a

portion of the first structural elements is configured to apply, to the structural

circumference of the first interface section, a distally- and radially-outwardly-

directed force, without applying any proximally-directed force, and

separate from the first structural elements, second ones of the structural

elements of the second stent member, which are positioned at respective second

circumferential locations different from the first circumferential locations, wherein

each of at least a portion of the second structural elements is configured to apply,

to the structural circumference of the first interface section, a proximally- and

radially-outwardly-directed force, without applying any distally-directed force.

For some applications, the first interface section is positioned at a longitudinal

location other than at ends of the first stent member, such that the opening is defined by a

lateral wall of the first stent member.

For some applications, the first interface section is positioned at a longitudinal end

of the first stent member. For some applications, the first interface section extends along

a longitudinal portion of the first stent member longitudinally adjacent to the longitudinal



end, which longitudinal portion radially narrows toward the longitudinal end.

For some applications, a length of the structural circumference of the first

interface section is less than (e.g., at least 30% less than) a perimeter of a narrowest

portion of the neck portion of the second interface section, when the first and the second

stent members are in their respective radially-expanded states, and not coupled to each

other.

For some applications, the first structural elements are arranged in first groups of

one to ten circumferentially-adjacent first structural elements, the second structural

elements are arranged in second groups of one to ten circumferentially-adjacent second

structural elements, and the first and the second groups circumferentially alternate around

the neck portion. For some applications, each of the first groups consists of exactly one of

the first structural elements, and each of the second groups consists of exactly one of the

second structural elements.

For some applications, the stent system further includes a first graft member,

which is securely fixed to the first stent member, and a second graft member, which is

securely fixed to the second stent member. For some applications, the stent system

further includes a graft member, which is securely fixed to a stent member selected from

the group consisting of: the first stent member and the second stent member.

For any of the applications described above, each of all of the first structural

elements may be configured to apply, to the structural circumference of the first interface

section, the distally- and radially-outwardly-directed force, without applying any

proximally-directed force, and each of all of the second structural elements may be

configured to apply, to the structural circumference of the first interface section, the

proximally- and radially-outwardly-directed force, without applying any distally-directed

force.

For any of the applications described above, when the first and the second stent

members are in their respective radially-expanded states, at least one of the first structural

elements may be shaped so as to define first proximal and first distal portions joined at a

first apex, which first proximal portion is configured to apply, to the structural

circumference, the distally- and radially-outwardly-directed force, and which first distal

portion is configured not to apply any force to the structural circumference. For some

applications, when the first and the second stent members are in their respective radially-



expanded states, at least one of the second structural elements is shaped so as to define

second proximal and second distal portions joined at a second apex, which second distal

portion is configured to apply, to the structural circumference, the proximally- and

radially-outwardly-directed force, and which second proximal portion is configured not to

apply any force to the structural circumference.

For any of the applications described above, a first combined total surface area of

contact between the first structural elements and the structural circumference may be at

least 15% greater than (e.g., at least 30% greater than) a second combined total surface

area of contact between the second structural elements and the structural circumference.

For any of the applications described above, a first combined total surface area of

contact between the second structural elements and the structural circumference is at least

15% greater than (e.g., at least 30% greater than) a second combined total surface area of

contact between the first structural elements and the structural circumference.

For any of the applications described above, the second interface section may be

shaped so as to gradually narrow from the proximal portion to the neck portion and from

the distal portion to the neck portion.

For any of the applications described above, a first axial force applied between

each of the first structural elements, taken separately, and the structural circumference

may be greater than (e.g., at least 30% greater than) a second axial force applied between

each of the second structural elements, taken separately, and the structural circumference,

when the first and the second stent members are coupled together in their respective

radially-expanded states.

For any of the applications described above, a second axial force applied between

each of the second structural elements, taken separately, and the structural circumference

may be greater than (e.g., at least 30% greater than) a first axial force applied between

each of the first structural elements, taken separately, and the structural circumference,

when the first and the second stent members are coupled together in their respective

radially-expanded states.

There is further provided, in accordance with an application of the present

invention, a method including:

providing the multi-component endovascular stent system described above; and

deploying the first and the second stent members in a blood vessel of a patient



such that the first and the second interface sections are coupled to each other.

The present invention will be more fully understood from the following detailed

description of embodiments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-B are schematic illustrations of an end-to-end configuration of a multi-

component endovascular stent system, disassembled and assembled, respectively, in

accordance with an application of the present invention;

Figs. 2A-B are schematic illustrations of an end-to-side configuration of the multi-

component endovascular stent system of Figs. 1A-B, in accordance with an application of

the present invention;

Figs. 3A-F are schematic illustrations of a second interface section of the stent

system of Figs. 1A-B and 2A-B, in accordance with an application of the present

invention;

Fig. 4 is a schematic side-view of the second interface section and a structural

circumference of a first interface section of the stent system of Figs. 1A-B and 2A-B, in

accordance with an application of the present invention;

Figs. 5A-D are schematic illustrations of the second interface section and the

structural circumference of the first interface section of the stent system of Figs. 1A-B and

2A-B, in accordance with an application of the present invention; and

Fig. 6 is a schematic illustration of an alternative neck portion, in accordance with

an application of the present invention.

DETAILED DESCRIPTION OF APPLICATIONS

Figs. 1A-B are schematic illustrations of a multi-component endovascular stent

system 10, in accordance with an application of the present invention. Fig. 1A shows the

stent system disassembled, and Fig. IB shows the stent system assembled in an end-to-

end arrangement. Stent system 10 comprises first and second generally tubular stent

members 20 and 22, which, for some applications, are primary and secondary stent

members, respectively. Stent members 20 and 22 are configured to initially be positioned

in one or more delivery catheters in respective radially-compressed states for transluminal

delivery, and to assume respective radially-expanded states upon being deployed from the



delivery catheters for intraluminal fixation. Figs. 1A-B show the endovascular stent

members in their respective radially-expanded states. For some applications, the stent

members are heat-set to assume their radially-expanded states.

Stent system 10 is configured for in situ assembly to provide an anastomosis

between the first and the second stent members. First and second stent members 20 and

22 are typically sized that they become tightly coupled to each other upon radial

expansion of the stent members in situ.

Figs. 2A-B are schematic illustrations of another configuration of multi-

component endovascular stent system 10, in accordance with an application of the present

invention. Fig. 2A shows the stent system disassembled, and Fig. 2B shows the stent

system assembled in an end-to-side arrangement. In this configuration, a lateral wall of

first stent member 20 is shaped so as to define a side-facing fenestration 30, when the

stent member is in its radially-expanded state. For some applications, a perimeter of the

fenestration is between 10% and 50% of a perimeter of first stent member 20 adjacent the

fenestration, when the stent member is in its radially-expanded state. For some

applications, stent system 10 implements side-facing fenestration 30, and/or techniques

for coupling second stent 22 thereto, in combination with techniques described in PCT

Publication WO 2011/007354 and/or in PCT Publication 2011/064782, mutatis mutandis,

both of which are incorporated herein by reference.

All of the configurations and techniques described herein may be used with either

the end-to-end configuration shown in Figs. 1A-B or the end-to-side configuration shown

in Fig. 2A-B, unless specifically otherwise indicated.

As used in the present application, including in the claims, "tubular" means having

the form of an elongated hollow object that defines a conduit therethrough. A "tubular"

structure may have varied cross-sections therealong, and the cross-sections are not

necessarily circular. For example, one or more of the cross-sections may be generally

circular, or generally elliptical but not circular.

Reference is made to both Figs. 1A-B and 2A-B. First and second stent members

20 and 22 are shaped so as to define first and second interface sections 40 and 42,

respectively. First and second interface sections 40 and 42 are securely coupleable to

each other when first and second stent members 20 and 22 are in their respective radially-

expanded states, thereby immobilizing second stent member 22 with respect to first stent



member 20. First and second interface sections 40 and 42 thus may be considered to

jointly define an anastomosis section of stent system 10.

First interface section 40 is shaped so as to define an opening 44 having a

structural circumference 46 (i.e., a boundary around opening 44). For some applications,

the structural circumference is generally circular, as shown in the figures, while for other

applications, the structural circumference is elliptical or has another shape.

For some applications, such as shown in Figs. 2A-B, first interface section 40 is

positioned at a longitudinal location other than at ends of first stent member 20, such that

opening 44 is defined by a lateral wall of first stent member 20, i.e., corresponds to

fenestration 30 mentioned above with reference to Figs. 2A-B.

For other applications, such as shown in Figs. 1A-B, first interface section 40 is

positioned at a longitudinal end 48 of first stent member 20. For these applications, a

plane generally defined by structural circumference 46 may be generally perpendicular to

a longitudinal axis of first stent member 20 near longitudinal end 48. For some

applications, first interface section 40 extends along a longitudinal portion 49 of first stent

member 20 longitudinally adjacent to longitudinal end 48, which longitudinal portion 49

radially narrows toward longitudinal end 48. For some applications, first stent member 20

is bifurcated, and is shaped so as to define one or more longitudinal ends in addition to

longitudinal end 48 and a longitudinal end at the opposite end of the stent member

(configuration not shown). For example, first stent member 20 may be shaped as shown

in Fig. 3 of PCT Publication WO 2010/150208, mutatis mutandis, which publication is

incorporated herein by reference.

Second stent member 22 has proximal and distal ends 32 and 34. Second interface

section 42 is shaped so as to define a neck portion 50 longitudinally flanked by proximal

and distal portions 52 and 54. Neck portion 50 is generally radially narrower than

proximal and distal portions 52 and 54. For some applications, such as shown in the

figures, second interface section 42 is shaped so as to gradually narrow from proximal

portion 52 to neck portion 50 and from distal portion 54 to neck portion 50. Neck portion

50 thus may have an hourglass shape defining two smoothly curved (radially concave)

portions. Alternatively, for some applications, second interface section 42 is shaped so as

to abruptly narrow from proximal portion 52 to neck portion 50 and from distal portion 54

to neck portion 50. Neck portion 50 thus may have a rectangular (stepped) shape when



viewed in cross-section. Further alternatively, for some applications, the transition from

one of proximal and distal portions 52 and 54 to neck portion 50 is gradual, while the

transition from the other of the proximal and distal portions to the neck portion is abrupt.

For some applications, a length of structural circumference 46 of first interface

section 40 is less than (e.g., at least 30% less than) a perimeter of a narrowest portion of

neck portion 50 of second interface section 42, when first and second stent members 20

and 22 are in their respective radially-expanded states, and not coupled to each other. In

other words, neck 50 is oversized relative to opening 44 of first interface section 40, in

order to create good fixation between the first and the second interface sections.

Typically, stent members 20 and 22 are self-expanding. For some applications,

stent members 20 and 22 comprise a superelastic metallic alloy, a shape memory metallic

alloy, and/or Nitinol. For some applications, first stent member 20 and/or second stent

member 22 comprise anchoring elements, for example as described in the above-

mentioned '208 publication, mutatis mutandis, e.g., with reference to Figs. 3, 7A-C, 9A-B,

10A-B, 13, 15A-C, 16, 17, 18, 19, 20A-B, and/or 21A-B thereof.

For some applications, stent system 10 further comprises a first graft member 60,

which is securely fixed to first stent member 20. Alternatively or additionally, for some

applications, stent system 10 further comprises a second graft member 62, which is

securely fixed to second stent member 22. Each of graft members 60 and 62 comprises

one or more biologically-compatible substantially blood-impervious flexible sheets,

which are securely fixed to stent members 20 and 22, respectively, either outside or within

the stent members, such as by stitching, and covers either an external or an internal

surface of a portion of the stent members. The flexible sheet may comprise, for example,

a polymeric film material (e.g., polytetrafluoroethylene), a polymeric textile material

(e.g., woven polyethylene terephthalate (PET)), natural tissue graft (e.g., saphenous vein

or collagen), or a combination thereof.

Reference is now made to Figs. 3A-F, which are schematic illustrations of second

interface section 42, in accordance with an application of the present invention. Figs. 3A-

D additionally show structural circumference 46 of first interface section 40, while Figs.

3E-F do not show the structural circumference. First and second stent members 20 and 22

comprise a plurality of structural elements 70. For some applications, the structural

elements are arranged as a plurality of circumferential bands. For some applications, at



least some of, e.g., all of, the structural stent elements are interconnected, while for other

applications, at least a portion of, e.g., all, of the structural stent elements are not

interconnected. For example, circumferential bands may be not directly connected to one

another, but instead indirectly connected by the graft members, if provided.

Structural circumference 46 of first stent member 20 is defined by one or more of

structural elements 70 of first stent member 20. By way of example, structural

circumference 46 is shown in Figs. 3A-D (and Figs. 5A-D) as being defined by a single

one of structural elements 70, which, for clarity of illustration, are shown highly

schematically). Typically, the one or more structural elements of structural circumference

46 are coupled to other structural elements of first stent member 20; for clarity of

illustration, these other structural elements are not shown in Figs. 3A-D (or Figs. 5A-D).

For some applications, when first and second stent members 20 and 22 are coupled

together in their respective radially-expanded states, neck portion 50 of second interface

section 42 is at least in part defined by:

· first ones 72 of structural elements 70 of second stent member 22, which are

positioned at respective first circumferential locations. Each of at least a

portion of first structural elements 72 is configured to apply, to structural

circumference 46 of first interface section 40, a distally- and radially-

outwardly-directed force, without applying any proximally-directed force;

and

• separate from first structural elements 72, second ones 74 of structural

elements 70 of second stent member 22, which are positioned at respective

second circumferential locations different from the first circumferential

locations. Each of at least a portion of second structural elements 74 is

configured to apply, to structural circumference 46 of first interface section

40, a proximally- and radially-outwardly-directed force, without applying

any distally-directed force.

Together, first and second structural elements 72 and 74 collectively apply forces

that are directed distally and proximally (and radially outward), thereby coupling neck

portion 50 of second interface section 42 to structural circumference 46 of first interface

section 40. Although the distally-directed forces are not applied at the same

circumferential locations as the proximally-directed forces, the forces together provide



sufficient support to strongly couple the first and second interface sections together.

Typically, during an implantation procedure, first stent member 20 is at least

partially radially expanded (at least the portion thereof including first interface section

40). Subsequently, second interface section 42, while still at least partially radially

compressed, is placed through structural circumference 46 of first interface section 40.

Once properly positioned, second interface section 42 is radially expanded, in order to

form a tight coupling with the first interface section. For some applications, the

implantation procedure is performed, mutatis mutandis, using techniques described in the

above-mentioned '354 publication, with reference to Figs. 6A-F thereof; and/or the above-

mentioned '782 publication, with reference to Figs. 3A-L, 6A-H, 9A-H, and/or 11A-E

thereof.

For some applications, all of first structural elements 72 are configured to apply

respective distally- and radially-outwardly-directed forces, and all of second structural

elements 74 are configured to apply respective proximally- and radially-outwardly-

directed forces, as shown in Figs. 3A-F (and Figs. 5A-D). Alternatively, only a portion of

first structural elements 72 and/or second structural elements 74 are configured to apply

the forces, while the remainder of the structural elements do not apply any force to

structural circumference 46 of first interface section 40 (and, typically, do not make

contact with structural circumference 46).

Reference is made to Fig. 4, which is a schematic illustration of second interface

section 42 and structural circumference 46 of first interface section 40, in accordance with

an application of the present invention. This view shows exactly one of first structural

elements 72 and exactly one of second structural elements 74 (the direction of the view is

labeled in Fig. 5C). It is noted that first and second structural elements 72 and 74 are not

in the same plane, but rather are in respective planes that are generally aligned with

respective radii that emanate from a longitudinal axis of the interface section. First

structural element 72 applies to structural circumference 46 a first force Fl, which is

directed distally and radially outwardly, without applying any proximally-directed force.

Second structural element 74 applies to structural circumference 46 a second force F2,

which is directed proximally and radially outwardly, without applying any distally-

directed force.

For some applications, when first and second stent members 20 and 22 are in their



respective radially-expanded states:

• at least one of first structural elements 72 is shaped so as to define first

proximal and first distal portions 80A and 82A joined at a first apex 84A.

First proximal portion 80A is configured to apply, to structural

circumference 46, the distally- and radially-outwardly-directed force. First

distal portion 82A is configured not to apply any force to structural

circumference 46; and/or

• at least one of second structural elements 74 is shaped so as to define

second proximal and second distal portions 80B and 82B joined at a second

apex 84B. Second distal portion 80B is configured to apply, to structural

circumference 46, the proximally- and radially-outwardly-directed force.

Second proximal portion 82B is configured not to apply any force to

structural circumference 46.

For some applications, first and second structural elements 72 and 74, if projected

onto a common plane perpendicular to an axis of structural circumference 46, would

define an angle a (alpha) between the elements, facing the structural circumference,

having a value of less than 120 degrees, such as less than 60 degrees.

Reference is now made to Figs. 5A-D, which are schematic illustrations of second

interface section 42 and structural circumference 46 of first interface section 40, in

accordance with an application of the present invention. In these figures, for clarity of

illustration, first and second interface sections 40 and 42 have been cut open along a line

parallel to the longitudinal axis of interface sections and laid straight.

Reference is made to Figs. 3A-F and 5A-D. For some applications, first structural

elements 72 are arranged in first groups of one to ten (e.g., one to five, such as one to

three) circumferentially- adjacent first structural elements 72, and second structural

elements 74 are arranged in second groups of one to ten (e.g., one to five, such as one to

three) circumferentially-adjacent second structural elements 74. The first and the second

groups circumferentially alternate around neck portion 50 of second interface section 42.

For example, each group may include exactly one structural element, in which case first

and second structural elements 72 and 74 circumferentially alternate around the neck

portion, as shown in Figs. 3A-F and 5A-D.

For some applications, a first combined total surface area of contact between first



structural elements 72 and structural circumference 46 is greater than (e.g., at least 15%

greater than, such as at least 30% greater than) a second combined total surface area of

contact between second structural elements 74 and structural circumference 46. For some

applications, this greater surface area is achieved by:

· configuring first structural elements 72 to be wider (in a circumferential

direction) than second structural elements 74; and/or

• configuring second interface section 42 such that more first structural

elements 72 come in contact with structural circumference 46 than do

second structural elements 74.

This configuration may be useful in applications in which it is more necessary to prevent

movement of second interface section 42 in a distal direction than in a proximal direction,

e.g., because blood flows in the distal direction upon implantation of stent system 10.

For some applications, a first combined total surface area of contact between

second structural elements 74 and structural circumference 46 is greater than (e.g., at least

15% greater than, such as at least 30% greater than) a second combined total surface area

of contact between first structural elements 72 and structural circumference 46. For some

applications, this greater surface area is achieved by:

• configuring second structural elements 74 to be wider (in a circumferential

direction) than first structural elements 72; and/or

· configuring second interface section 42 such that more second structural

elements 74 come in contact with structural circumference 46 than do first

structural elements 72.

This configuration may be useful in applications in which it is more necessary to prevent

movement of second interface section 42 in a proximal direction than in a distal direction,

e.g., because blood flows in the proximal direction upon implantation of stent system 10.

For some applications, a first axial force applied between each of first structural

elements 72, taken separately (i.e., on a per-element basis), and structural circumference

46 is greater than (e.g., at least 15% greater than, or at least 30% greater than) a second

axial force applied between each of second structural elements 74, taken separately, and

structural circumference 46, when first and second stent members 20 and 22 are coupled

together in their respective radially-expanded states. Optionally, for these application,



neck portion 50 is shaped so as to define a different number of (e.g., fewer) first structural

elements 72 than second structural elements 74.

For some applications, a first maximum axial force that can applied between each

of first structural elements 72, taken separately (i.e., on a per-element basis), and

structural circumference 46, without any elements 72 undergoing plastic deformation, is

greater than (e.g., at least 15% greater than, or at least 30% greater than) a second

maximum axial force that can be applied between each of second structural elements 74,

taken separately, and structural circumference 46, without any elements 74 undergoing

plastic deformation, when first and second stent members 20 and 22 are coupled together

in their respective radially-expanded states. Optionally, for these application, neck

portion 50 is shaped so as to define a different number of (e.g., fewer) first structural

elements 72 than second structural elements 74.

For some applications, a second axial force applied between each of second

structural elements 74, taken separately (i.e., on a per-element basis), and structural

circumference 46 is greater than (e.g., at least 15% greater than, or at least 30% greater

than) a first axial force applied between each of first structural elements 72, taken

separately, and structural circumference 46, when first and second stent members 20 and

22 are coupled together in their respective radially-expanded states. Optionally, for these

application, neck portion 50 is shaped so as to define a different number of (e.g., more)

first structural elements 72 than second structural elements 74.

For some applications, a second maximum axial force that can applied between

each of second structural elements 74, taken separately (i.e., on a per-element basis), and

structural circumference 46, without any elements 74 undergoing plastic deformation, is

greater than (e.g., at least 15% greater than, or at least 30% greater than) a first maximum

axial force that can be applied between each of first structural elements 72, taken

separately, and structural circumference 46, without any elements 72 undergoing plastic

deformation, when first and second stent members 20 and 22 are coupled together in their

respective radially-expanded states. Optionally, for these application, neck portion 50 is

shaped so as to define a different number of (e.g., more) first structural elements 72 than

second structural elements 74.

Reference is now made to Fig. 6, which is a schematic illustration of an alternative

neck portion 146, in accordance with an application of the present invention. In this



configuration of neck portion 146, unlike in the other configurations described herein,

individual ones of structural elements 70 apply, to structural circumference 46, both (a) a

distally- and radially-outwardly-directed force and (b) a proximally- and radially-

outwardly-directed force. In order to apply these forces, each of structural elements 70 is

shaped so as to define proximal and distal portions 180 and 182 joined at an apex 184. So

as to provide good fixation of neck portion 146 to structural circumference 46, proximal

and distal portions 180 and 182 typically define an angle β (beta) therebetween of less

than 150 degrees, and apex 184 typically has a radius of curvature of less than 50% of the

radius of the neck portion. Although this configuration generally provides good fixation,

the acuteness of angle β (beta) and low radius of curvature of apex 184 generally increase

the risk of plastic deformation, compared to the other configurations of the neck portion

described herein.

Stent system 10 may be deployed alone, or as a component of a larger stent system

comprising additional stents, for example as described with reference to Figs. 4E and/or

21B of the '208 publication, mutatis mutandis, or in PCT Publication WO 08/107885,

mutatis mutandis, which is incorporated herein by reference. For some applications, stent

system 10 defines a single lumen, while for other applications, the stent system 10 defines

a plurality of lumen, e.g., is bifurcated, such as described with reference to Fig. 3 of the

above-mentioned '208 publication, mutatis mutandis.

For some applications, endovascular stent system 10 may be deployed via an iliac

artery and the aorto-iliac bifurcation, or via a subclavian artery. For some applications,

endovascular stent system 10 is deployed in the aorta, or in another blood vessel, such as

another artery, e.g., an aneurysmatic artery, such as an aneurysmatic iliac artery.

The scope of the present invention includes embodiments described in the

following applications, which are assigned to the assignee of the present application and

are incorporated herein by reference. In an embodiment, techniques and apparatus

described in one or more of the following applications are combined with techniques and

apparatus described herein:

• PCT Application PCT/IL2008/000287, filed March 5, 2008, which published as

PCT Publication WO 2008/107885 to Shalev et al., and US Application

12/529,936 in the national stage thereof, which published as US Patent

Application Publication 2010/0063575 to Shalev et al.



• US Provisional Application 60/892,885, filed March 5, 2007

• US Provisional Application 60/99 1,726, filed December 2, 2007

• US Provisional Application 61/219,758, filed June 23, 2009

• US Provisional Application 61/221 ,074, filed June 28, 2009

• PCT Application PCT/IB20 10/052861, filed June 23, 2010, which published as

PCT Publication WO 2010/150208

• PCT Application PCT/IL20 10/000564, filed July 14, 2010, which published as

PCT Publication WO 201 1/007354

• PCT Application PCT/IL20 10/0009 17, filed November 4, 2010, which published

as PCT Publication WO 201 1/055364

• PCT Application PCT/DL20 10/000999, filed November 30, 2010, which published

as PCT Publication WO 201 1/064782

• PCT Application PCT/IL2010/001018, filed December 2, 2010, which published

as PCT Publication WO 201 1/067764

• PCT Application PCT/IL2010/001037, filed December 8, 2010, which published

as PCT Publication WO 201 1/070576

• PCT Application PCT/IL20 11/000 135, filed February 8, 201 1, which published as

PCT Publication WO 201 1/095979

• US Application 13/031,871, filed February 22, 2011, which published as US

Patent Application Publication 2011/0208289

• US Provisional Application 61/496,613, filed June 14, 201 1

• US Provisional Application 61/499,195, filed June 21, 201 1

It will be appreciated by persons skilled in the art that the present invention is not

limited to what has been particularly shown and described hereinabove. Rather, the scope

of the present invention includes both combinations and subcombinations of the various

features described hereinabove, as well as variations and modifications thereof that are

not in the prior art, which would occur to persons skilled in the art upon reading the

foregoing description.



CLAIMS

1. Apparatus comprising a multi-component endovascular stent system, which

comprises first and second generally tubular stents members, which (a) are configured to

assume respective radially-compressed states for transluminal delivery, and respective

radially-expanded states for intraluminal fixation, and (b) comprise structural elements,

wherein the second stent member has proximal and distal ends,

wherein the first and the second stent members are shaped so as to define first and

second interface sections, respectively, which are securely coupleable to each other when

the first and the second stent members are in their respective radially-expanded states,

wherein the first interface section is shaped so as to define an opening having a

structural circumference defined by one or more of the structural elements of the first

stent member,

wherein the second interface section is shaped so as to define a neck portion

longitudinally flanked by proximal and distal portions, which neck portion is generally

radially narrower than the proximal and the distal portions, and

wherein, when the first and the second stent members are coupled together in their

respective radially-expanded states, the neck portion is at least in part defined by:

first ones of the structural elements of the second stent member, which are

positioned at respective first circumferential locations, wherein each of at least a

portion of the first structural elements is configured to apply, to the structural

circumference of the first interface section, a distally- and radially-outwardly-

directed force, without applying any proximally-directed force, and

separate from the first structural elements, second ones of the structural

elements of the second stent member, which are positioned at respective second

circumferential locations different from the first circumferential locations, wherein

each of at least a portion of the second structural elements is configured to apply,

to the structural circumference of the first interface section, a proximally- and

radially-outwardly-directed force, without applying any distally-directed force.

2. The apparatus according to claim 1, wherein the first interface section is

positioned at a longitudinal location other than at ends of the first stent member, such that

the opening is defined by a lateral wall of the first stent member.

3. The apparatus according to claim 1, wherein the first interface section is



positioned at a longitudinal end of the first stent member.

4. The apparatus according to claim 3, wherein the first interface section extends

along a longitudinal portion of the first stent member longitudinally adjacent to the

longitudinal end, which longitudinal portion radially narrows toward the longitudinal end.

5. The apparatus according to claim 1, wherein a length of the structural

circumference of the first interface section is less than a perimeter of a narrowest portion

of the neck portion of the second interface section, when the first and the second stent

members are in their respective radially-expanded states, and not coupled to each other.

6. The apparatus according to claim 5, wherein the length of the structural

circumference is at least 30% less than the perimeter of the narrowest portion of the neck

portion.

7. The apparatus according to claim 1, wherein the first structural elements are

arranged in first groups of one to ten circumferentially-adjacent first structural elements,

wherein the second structural elements are arranged in second groups of one to ten

circumferentially-adjacent second structural elements, and wherein the first and the

second groups circumferentially alternate around the neck portion.

8. The apparatus according to claim 7, wherein each of the first groups consists of

exactly one of the first structural elements, and wherein each of the second groups

consists of exactly one of the second structural elements.

9. The apparatus according to claim 1, wherein the stent system further comprises a

first graft member, which is securely fixed to the first stent member, and a second graft

member, which is securely fixed to the second stent member.

10. The apparatus according to claim 1, wherein the stent system further comprises a

graft member, which is securely fixed to a stent member selected from the group

consisting of: the first stent member and the second stent member.

11. The apparatus according to any one of claims 1-10, wherein each of all of the first

structural elements is configured to apply, to the structural circumference of the first

interface section, the distally- and radially-outwardly-directed force, without applying any

proximally-directed force, and wherein each of all of the second structural elements is

configured to apply, to the structural circumference of the first interface section, the

proximally- and radially-outwardly-directed force, without applying any distally-directed



force.

12. The apparatus according to any one of claims 1-10, wherein, when the first and the

second stent members are in their respective radially-expanded states, at least one of the

first structural elements is shaped so as to define first proximal and first distal portions

joined at a first apex, which first proximal portion is configured to apply, to the structural

circumference, the distally- and radially-outwardly-directed force, and which first distal

portion is configured not to apply any force to the structural circumference.

13. The apparatus according to claim 12, wherein, when the first and the second stent

members are in their respective radially-expanded states, at least one of the second

structural elements is shaped so as to define second proximal and second distal portions

joined at a second apex, which second distal portion is configured to apply, to the

structural circumference, the proximally- and radially-outwardly-directed force, and

which second proximal portion is configured not to apply any force to the structural

circumference.

14. The apparatus according to any one of claims 1-10, wherein a first combined total

surface area of contact between the first structural elements and the structural

circumference is at least 15% greater than a second combined total surface area of contact

between the second structural elements and the structural circumference.

15. The apparatus according to claim 14, wherein the first combined total surface area

of contact is at least 30% greater than the second combined total surface area of contact.

16. The apparatus according to any one of claims 1-10, wherein a first combined total

surface area of contact between the second structural elements and the structural

circumference is at least 15% greater than a second combined total surface area of contact

between the first structural elements and the structural circumference.

17. The apparatus according to claim 16, wherein the first combined total surface area

of contact is at least 30% greater than the second combined total surface area of contact.

18. The apparatus according to any one of claims 1-10, wherein the second interface

section is shaped so as to gradually narrow from the proximal portion to the neck portion

and from the distal portion to the neck portion.

19. The apparatus according to any one of claims 1-10, wherein a first axial force

applied between each of the first structural elements, taken separately, and the structural



circumference is greater than a second axial force applied between each of the second

structural elements, taken separately, and the structural circumference, when the first and

the second stent members are coupled together in their respective radially-expanded

states.

20. The apparatus according to claim 19, wherein the first axial force is at least 30%

greater than the second axial force.

21. The apparatus according to any one of claims 1-10, wherein a second axial force

applied between each of the second structural elements, taken separately, and the

structural circumference is greater than a first axial force applied between each of the first

structural elements, taken separately, and the structural circumference, when the first and

the second stent members are coupled together in their respective radially-expanded

states.

22. The apparatus according to claim 21, wherein the second axial force is at least

30% greater than the first axial force.

23. A method comprising:

providing a multi-component endovascular stent system, which includes first and

second generally tubular stents members, which (a) are configured to assume respective

radially-compressed states for transluminal delivery, and respective radially-expanded

states for intraluminal fixation, and (b) comprise structural elements, wherein the second

stent member has proximal and distal ends, wherein the first and the second stent

members are shaped so as to define first and second interface sections, respectively,

which are securely coupleable to each other when the first and the second stent members

are in their respective radially-expanded states, wherein the first interface section is

shaped so as to define an opening having a structural circumference defined by one or

more of the structural elements of the first stent member, wherein the second interface

section is shaped so as to define a neck portion longitudinally flanked by proximal and

distal portions, which neck portion is generally radially narrower than the proximal and

the distal portions, and wherein, when the first and the second stent members are coupled

together in their respective radially-expanded states, the neck portion is at least in part

defined by: (a) first ones of the structural elements of the second stent member, which are

positioned at respective first circumferential locations, wherein each of at least a portion

of the first structural elements is configured to apply, to the structural circumference of



the first interface section, a distally- and radially-outwardly-directed force, without

applying any proximally-directed force, and (b) separate from the first structural elements

of the second stent member, second ones of the structural elements, which are positioned

at respective second circumferential locations different from the first circumferential

locations, wherein each of at least a portion of the second structural elements is

configured to apply, to the structural circumference of the first interface section, a

proximally- and radially-outwardly-directed force, without applying any distally-directed

force; and

deploying the first and the second stent members in a blood vessel of a patient

such that the first and the second interface sections are coupled to each other.
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