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(54) Title: STENT-GRAFT WITH FIXATION ELEMENTS THAT ARE RADIALLY CONFINED FOR DELIVERY

(57) Abstract: An endovascular stent-graft (10) is configured to assume a radi
ally-compressed delivery state and a radially-expanded deployment state, and
includes a flexible stent member (24), and a tubular fluid flow guide (26),

FIG. 2A I which is attached to the stent member (24). The stent member (24) includes a
generally circumferential section (40) that is shaped so as to define: (a) a plural
ity of first struts (42), (b) a plurality of second struts (43), and (c) a plurality of
fixation members (44), which are coupled to respective ones of the first struts
(42). The circumferential section (40) is configured such that (a) when the
stent-graft (10) is in the delivery state, the second struts (43) radially constrain
the fixation members (44), respectively, from protruding radially outward, and
(b) when the stent-graft (10) is in the deployment state, the fixation members
(44) are not radially-constrained by the second struts (43) and protrude radially
outward.
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STENT-GRAFT WITH FIXATION ELEMENTS THAT ARE RADIALLY CONFINED

FOR DELIVERY

FIELD OF THE APPLICATION

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

specifically to tubular prostheses, including endovascular 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"), which may occur in one or more

of the descending aorta, the ascending aorta, and the aortic arch.

Conventional stent-grafts typically include a radially-expandable stent, formed

from a plurality of uniform annular stent springs, and a cylindrically-shaped graft material

to which the stent springs are coupled. Stent-grafts may be used for reinforcing or

holding open the interior wall of lumens, such as blood vessels.

Some commercially-available stent-grafts utilize a set of circumferentially-

disposed proximal barbs in order to facilitate long term fixation of the stent-graft at its

appropriate landing zone on the wall of a target body lumen in general, and, in particular,

a major artery such as the aorta. An additional role of fixation barbs is to facilitate sealing

between the distal end of the graft material and the blood vessel neck, so as to prevent

endovascular blood leaks around the stent-graft's distal edge, usually referred to as type I

endoleaks.

SUMMARY OF APPLICATIONS

In some applications of the present invention, an endovascular stent-graft is

configured to assume a radially-compressed delivery state and a radially-expanded



deployment state. The stent-graft comprises a flexible stent member and a tubular fluid

flow guide. The fluid flow guide comprises a graft material, and which is attached to the

stent member, such that at least a generally circumferential section of the stent member is

not covered by the fluid flow guide at least when the stent-graft is in the radially-

expanded deployment state. The circumferential section of the stent member is shaped so

as to define: (a) a plurality of first struts, (b) a plurality of second struts, and (c) a plurality

of fixation members, which are coupled to respective ones of the first struts. The

circumferential section is configured such that (a) when the stent-graft is in the delivery

state, typically when the body is positioned in an external delivery sheath of a delivery

catheter , the second struts radially constrain the fixation members, respectively, from

protruding radially outward, and (b) when the stent-graft is in the deployment state, the

fixation members are not radially-constrained by the second struts and protrude radially

outward.

When the stent-graft is in the delivery state, the radially-constrained fixation

members are unlikely to penetrate, tear, or otherwise damage the external delivery sheath

of the delivery catheter. When the stent-graft is in the deployment state, the fixation

members are configured to penetrate the inner wall of a tubular body part, such as a blood

vessel, in order to help anchor stent-graft to the blood vessel.

Reference is made to Fig. 1, which is a schematic illustration of an endovascular

stent-graft during several stages of loading the stent-graft into an external delivery sheath

of a delivery catheter of a delivery system, in accordance with the prior art. The traumatic

nature of fixation barbs presents a technical challenge in reducing the crossing profile and

maintaining the integrity of external sheaths of delivery systems of stent-grafts. Fixation

barbs, because they are traumatic, are often prone to damage the inner wall of the

polymeric external delivery sheath that externally confines the stent-graft when the stent-

graft is in its radially compressed state. The external delivery sheath is usually gradually

advanced over the stent in the proximal to distal direction, relative to the operator that is

crimping the stent-graft into the delivery system. Because most fixation barbs are

directed in the distal to proximal direction, pushing an external sheath over the stent in a

direction opposite to the direction in which the barbs point is usually traumatic to the

inner wall of such an external delivery sheath. To prevent such trauma to the sheath, a

resilient and relatively thick external sheath is generally used, which adversely increases

the crossing profile of the crimped stent-graft.



Some techniques of the present invention overcome this problem by radially

confining at least the traumatic tips of the fixation members from radially outwardly

protruding, when the stent-graft is radially confined. When the stent-graft transitions

from a radially-confined to a radially-expanded state, the fixation members are released

and their traumatic tips assume a radially-protruded position for tissue penetration.

For some applications, the stent member is shaped so as to define a generally

circumferential band, which includes the above-mentioned circumferential section and the

first and second struts. The circumferential band is shaped such that pairs of first and

second struts are coupled at respective peaks of the circumferential band. Typically, the

fixation members are shaped so as to define respective bases at respective first ends

thereof and respective sharp tips at respective second ends thereof. The bases are coupled

to respective ones of the first struts.

For some applications, a first subset of the fixation members extend in a

counterclockwise direction from their respective first struts, and a second subset of the

fixation members extend in a clockwise direction from their respective first struts. For

some applications, the fixation members of the first and second subsets are arranged

alternatingly around the circumferential section. This arrangement of the fixation

members generally helps better anchor the stent-graft to the wall of the blood vessel. For

example, blood flow in tortuous blood vessels may cause some rotation of the blood

vessel. Because some fixation members point in each direction (clockwise and

counterclockwise), a subset of the fixation members anchors better regardless of the

direction in which the blood vessel rotates (clockwise or counterclockwise).

In some applications of the present invention, an alternative configuration of the

stent-graft is provided which also overcomes the problem described hereinabove with

reference to Fig. 1. In this alternative configuration, the fixation members are outwardly

radially convex as viewed from outside the stent-graft, such that when the stent-graft is

radially confined, the tips of the fixation members are radially retracted relative to the

apex of the convexity of the fixation member. When the stent-graft assumes its radially

expanded state, the fixation members are released to their radially protruded position and

respective tips thereof assume the outermost radial position.

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

invention, apparatus including an endovascular stent-graft, which is configured to assume



a radially-compressed delivery state and a radially-expanded deployment state, and which

includes:

a flexible stent member; and

a tubular fluid flow guide, which includes a graft material, and which is attached

to the stent member,

wherein the stent member includes a generally circumferential section that is

shaped so as to define: (a) a plurality of first struts, (b) a plurality of second struts, and (c)

a plurality of fixation members, which are coupled to respective ones of the first struts,

and

wherein the circumferential section is configured such that:

when the stent-graft is in the delivery state, the second struts

radially constrain the fixation members, respectively, from protruding

radially outward, and

when the stent-graft is in the deployment state, the fixation

members are not radially-constrained by the second struts and protrude

radially outward.

For some applications, a first subset of the fixation members extend in a

counterclockwise direction from the respective first struts, and a second subset of the

fixation members extend in a clockwise direction from the respective first struts. For

some applications, the fixation members of the first subset and the fixation members of

the second subset are arranged alternatingly around the circumferential section.

For some applications, the fixation members are shaped as tabs that are cut from

the respective first struts on all sides of the tabs except at respective bases of the of

fixation members.

For some applications:

the stent member is shaped so as to define a generally circumferential band, which

includes the circumferential section and the first and the second struts, and is shaped such

that pairs of the first and the second struts are coupled at respective peaks of the

circumferential band,

the fixation members are shaped so as to define respective bases at respective first

ends thereof and respective sharp tips at respective second ends thereof, which bases are

coupled to the respective ones of the first struts, and

the second struts (a) radially constrain the tips, respectively, from protruding



radially outward when the stent-graft is in the radially-compressed delivery state, and (b)

do not radially constrain the tips when the stent-graft is in the radially-expanded

deployment state.

For some applications, the fixation members are shaped as tabs that are cut from

the respective first struts on all sides of the tabs except at respective bases of the of

fixation members. For some applications, the peaks are curved. For some applications,

the bases of the fixation members are coupled to the respective first struts within a

distance of the respective peaks, which distance equals 50% a length of the first struts.

For some applications, a first subset of the pairs of struts are configured such that

the first struts thereof are disposed clockwise with respect to the second struts thereof, and

a second subset of the pairs of struts are configured such that the first struts thereof are

disposed counterclockwise with respect to the second struts thereof. For some

applications, the pairs of struts of the first subset and the pairs of struts of the second

subset are arranged alternatingly around the circumferential section.

For some applications, the second struts are shaped so as to define respective

lateral protrusions, and the lateral protrusions radially constrain the tips, respectively,

from protruding radially outward when the stent-graft is in the radially-compressed

delivery state, such that the second struts radially constrain the tips, respectively, from

protruding radially outward when the stent-graft is in the radially-compressed delivery

state. For some applications, one or more of the lateral protrusions include respective

radiopaque markers.

For any of the applications described above, the circumferential section may be at

least partially not covered by the fluid flow guide at least when the stent-graft is in the

radially-expanded deployment state.

For any of the applications described above, when the stent-graft is in the radially-

compressed delivery state, (a) a first one of the fixation members may be bent laterally in

a clockwise direction, and (b) a second one of the fixation members may be bent laterally

in a counterclockwise direction.

For any of the applications described above, when the stent-graft is in the radially-

compressed delivery state, (a) a plurality of first ones of the fixation members may be

bent laterally in a clockwise direction, (b) a plurality of second ones of the fixation

members may be bent laterally in a counterclockwise direction, and the first ones of the



fixation members and the second ones of the fixation members may be arranged

alternatingly around the circumferential section.

For any of the applications described above, the circumferential section may be

disposed at an end of the stent-graft.

For any of the applications described above, the fixation members may be shaped

so as to define respective barbs.

For any of the applications described above, the apparatus may further include an

external delivery sheath, in which the stent-graft is removably positioned in the radially-

compressed delivery state.

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

invention, apparatus including an endovascular stent-graft, which is configured to assume

a radially-compressed delivery state and a radially-expanded deployment state, and which

includes:

a flexible stent member; and

a tubular fluid flow guide, which includes a graft material, and which is attached

to the stent member,

wherein the stent member includes a generally circumferential section that is

shaped so as to define at least one fixation member having a sharp tip,

wherein, when the stent-graft is in the radially-expanded deployment state, the

fixation member protrudes radially outward, and

wherein, when the stent-graft is in the radially-compressed delivery state, at least a

portion of the fixation member is convex as viewed from outside the stent-graft, such that

the sharp tip points radially inward.

For some applications, the stent member is shaped so as to define a generally

circumferential band, which includes the circumferential section, which is shaped so as to

define at least one first strut and at least one second strut, which are coupled at a peak of

the circumferential band, and the fixation member is shaped so as to define a base at a

first end thereof and the sharp tip at a second end thereof, which base is coupled to the

first strut.

For any of the applications described above, the circumferential section may be at

least partially not covered by the fluid flow guide at least when the stent-graft is in the

radially-expanded deployment state.



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

invention, a method including:

providing an endovascular stent-graft in a radially-expanded deployment state,

which stent-graft includes (a) a flexible stent member, and (b) a tubular fluid flow guide,

which includes a graft material, and which is attached to the stent member, wherein the

stent member includes a generally circumferential section that is shaped so as to define:

(i) a plurality of first struts, (ii) a plurality of second struts, and (iii) a plurality of fixation

members, which are coupled to respective ones of the first struts, wherein, when the stent-

graft is in the deployment state, the fixation members are not radially-constrained by the

second struts and protrude radially outward; and

loading the stent-graft into an external delivery sheath of a delivery catheter, such

that the stent-graft assumes a radially-compressed delivery state, in which the second

struts radially constrain the fixation members, respectively, from protruding radially

outward.

For some applications, loading includes: positioning the second struts and the

fixation members such that the second struts radially constrain the fixation members,

respectively; and, thereafter, loading the fixation members into the external delivery

sheath.

For some applications, providing the stent-graft includes providing the stent-graft

in which a first subset of the fixation members extend in a counterclockwise direction

from the respective first struts, and a second subset of the fixation members extend in a

clockwise direction from the respective first struts. For some applications, providing the

stent-graft includes providing the stent-graft in which the fixation members of the first

subset and the fixation members of the second subset are arranged alternatingly around

the circumferential section.

For some applications, providing the stent-graft includes providing the stent-graft

in which the fixation members are shaped as tabs that are cut from the respective first

struts on all sides of the tabs except at respective bases of the of fixation members

For some applications, providing the stent-graft includes providing the stent-graft

in which:

the stent member is shaped so as to define a generally circumferential band, which

includes the circumferential section and the first and the second struts, and is shaped such



that pairs of the first and the second struts are coupled at respective peaks of the

circumferential band,

the fixation members are shaped so as to define respective bases at respective first

ends thereof and respective sharp tips at respective second ends thereof, which bases are

coupled to the respective ones of the first struts, and

the second struts (a) radially constrain the tips, respectively, from protruding

radially outward when the stent-graft is in the radially-compressed delivery state, and (b)

do not radially constrain the tips when the stent-graft is in the radially-expanded

deployment state.

For some applications, providing the stent-graft includes providing the stent-graft

in which the fixation members are shaped as tabs that are cut from the respective first

struts on all sides of the tabs except at respective bases of the of fixation members For

some applications, providing the stent-graft includes providing the stent-graft in which the

peaks are curved. For some applications, providing the stent-graft includes providing the

stent-graft in which the bases of the fixation members are coupled to the respective first

struts within a distance of the respective peaks, which distance equals 50% of a length of

the first struts.

For some applications, providing the stent-graft includes providing the stent-graft

in which a first subset of the pairs of struts are configured such that the first struts thereof

are disposed clockwise with respect to the second struts thereof, and a second subset of

the pairs of struts are configured such that the first struts thereof are disposed

counterclockwise with respect to the second struts thereof. For some applications,

providing the stent-graft includes providing the stent-graft in which the pairs of struts of

the first subset and the pairs of struts of the second subset are arranged alternatingly

around the circumferential section.

For some applications, providing the stent-graft includes providing the stent-graft

in which the second struts are shaped so as to define respective lateral protrusions, and the

lateral protrusions radially constrain the tips, respectively, from protruding radially

outward when the stent-graft is in the radially-compressed delivery state, such that the

second struts radially constrain the tips, respectively, from protruding radially outward

when the stent-graft is in the radially-compressed delivery state.

For any of the applications described above, providing the stent-graft may include



providing the stent-graft in which, when the stent-graft is in the radially-compressed

delivery state, (a) a first one of the fixation members is bent laterally in a clockwise

direction, and (b) a second one of the fixation members is bent laterally in a

counterclockwise direction.

For any of the applications described above, providing the stent-graft may include

providing the stent-graft in which, when the stent-graft is in the radially-compressed

delivery state, (a) a plurality of first ones of the fixation members are bent laterally in a

clockwise direction, (b) a plurality of second ones of the fixation members are bent

laterally in a counterclockwise direction, and the first ones of the fixation members and

the second ones of the fixation members are arranged alternatingly around the

circumferential section.

For any of the applications described above, providing the stent-graft may include

providing the stent-graft in which the circumferential section is at least partially not

covered by the fluid flow guide at least when the stent-graft is in the radially-expanded

deployment state.

For any of the applications described above, providing the stent-graft may include

providing the stent-graft in which the circumferential section is disposed at an end of the

stent-graft.

For any of the applications described above, providing the stent-graft includes

providing the stent-graft in which the fixation members are shaped so as to define

respective barbs.

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

invention, a method including:

providing an endovascular stent-graft, which is configured to assume a radially-

compressed delivery state and a radially-expanded deployment state, and which includes

(a) a flexible stent member, and (b) a tubular fluid flow guide, which includes a graft

material, and which is attached to the stent member, wherein the stent member includes a

generally circumferential section that is shaped so as to define: (i) a plurality of first

struts, (ii) a plurality of second struts, and (iii) a plurality of fixation members, which are

coupled to respective ones of the first struts;

transvascularly introducing the stent-graft into a blood vessel of a human subject

while the stent-graft is in the radially-compressed delivery state, in which the second



struts radially constrain the fixation members, respectively, from protruding radially

outward; and

thereafter, transitioning the stent-graft in the blood vessel to the radially-expanded

deployment state, in which the fixation members are not radially-constrained by the

second struts and protrude radially outwardly and engage a wall of the blood vessel.

For some applications, providing the stent-graft includes providing the stent-graft

in which the circumferential section is at least partially not covered by the fluid flow

guide at least when the stent-graft is in the radially-expanded deployment state.

For some applications, providing the stent-graft includes providing the stent-graft

in which a first subset of the fixation members extend in a counterclockwise direction

from the respective first struts, and a second subset of the fixation members extend in a

clockwise direction from the respective first struts. For some applications, providing the

stent-graft includes providing the stent-graft in which the fixation members of the first

subset and the fixation members of the second subset are arranged alternatingly around

the circumferential section.

For some applications, providing the stent-graft includes providing the stent-graft

in which the fixation members are shaped as tabs that are cut from the respective first

struts on all sides of the tabs except at respective bases of the of fixation members

For some applications, providing the stent-graft includes providing the stent-graft

in which:

the stent member is shaped so as to define a generally circumferential band, which

includes the circumferential section and the first and the second struts, and is shaped such

that pairs of the first and the second struts are coupled at respective peaks of the

circumferential band,

the fixation members are shaped so as to define respective bases at respective first

ends thereof and respective sharp tips at respective second ends thereof, which bases are

coupled to the respective ones of the fust struts, and

the second struts (a) radially constrain the tips, respectively, from protruding

radially outward when the stent-graft is in the radially-compressed delivery state, and (b)

do not radially constrain the tips when the stent-graft is in the radially-expanded

deployment state.

For some applications, providing the stent-graft includes providing the stent-graft



in which the fixation members are shaped as tabs that are cut from the respective first

struts on all sides of the tabs except at respective bases of the of fixation members

For some applications, providing the stent-graft includes providing the stent-graft

in which the peaks are curved.

For some applications, providing the stent-graft includes providing the stent-graft

in which the bases of the fixation members are coupled to the respective first struts within

a distance of the respective peaks, which distance equals 50% of a length of the first

struts.

For some applications, providing the stent-graft includes providing the stent-graft

in which a first subset of the pairs of struts are configured such that the first struts thereof

are disposed clockwise with respect to the second struts thereof, and a second subset of

the pairs of struts are configured such that the first struts thereof are disposed

counterclockwise with respect to the second struts thereof. For some applications,

providing the stent-graft includes providing the stent-graft in which the pairs of struts of

the first subset and the pairs of struts of the second subset are arranged alteraatingly

around the circumferential section.

For some applications, providing the stent-graft includes providing the stent-graft

in which the second struts are shaped so as to define respective lateral protrusions, and the

lateral protrusions radially constrain the tips, respectively, from protruding radially

outward when the stent-graft is in the radially-compressed delivery state, such that the

second struts radially constrain the tips, respectively, from protruding radially outward

when the stent-graft is in the radially-compressed delivery state.

For some applications, providing the stent-graft includes providing the stent-graft

in which, when the stent-graft is in the radially-compressed delivery state, (a) a first one

of the fixation members is bent laterally in a clockwise direction, and (b) a second one of

the fixation members is bent laterally in a counterclockwise direction.

For some applications, providing the stent-graft includes providing the stent-graft

in which, when the stent-graft is in the radially-compressed delivery state, (a) a plurality

of first ones of the fixation members are bent laterally in a clockwise direction, (b) a

plurality of second ones of the fixation members are bent laterally in a counterclockwise

direction, and the first ones of the fixation members and the second ones of the fixation

members are arranged alternatingly around the circumferential section.



For some applications, providing the stent-graft includes providing the stent-graft

in which the circumferential section is disposed at an end of the stent-graft.

For some applications, providing the stent-graft includes providing the stent-graft

in which the fixation members are shaped so as to define respective barbs.

For some applications, transvascularly introducing includes transvascularly

introducing the stent-graft into the blood while the stent-graft is positioned in an external

delivery sheath of a delivery catheter in the radially-compressed delivery state, and

transitioning the stent-graft to the radially-expanded deployment state in the blood vessel

includes deploying the stent-graft from the external delivery sheath.

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

a method including:

providing an endovascular stent-graft in a radially-expanded deployment state,

which stent-graft includes (a) a flexible stent member, and (b) a tubular fluid flow guide,

which includes a graft material, and which is attached to the stent member, wherein the

stent member includes a generally circumferential section that is shaped so as to define at

least one fixation member having a sharp tip, and wherein, when the stent-graft is in the

deployment state, the fixation members protrudes radially outward; and

loading the stent-graft into an external delivery sheath of a delivery catheter, such

that the stent-graft assumes a radially-compressed delivery state, in which at least a

portion of the fixation member is convex as viewed from outside the stent-graft, such that

the sharp tip points radially inward.

For some applications, providing the stent-graft includes providing the stent-graft

in which the circumferential section is at least partially not covered by the fluid flow

guide at least when the stent-graft is in the radially-expanded deployment state.

For some applications, providing the stent-graft includes providing the stent-graft

in which the stent member is shaped so as to define a generally circumferential band,

which includes the circumferential section, which is shaped so as to define at least one

first strut and at least one second strut, which are coupled at a peak of the circumferential

band, and the fixation member is shaped so as to define a base at a first end thereof and

the sharp tip at a second end thereof, which base is coupled to the first strut.

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



invention, a method including:

providing an endovascular stent-graft, which is configured to assume a radially-

compressed delivery state and a radially-expanded deployment state, and which includes

(a) a flexible stent member, and (b) a tubular fluid flow guide, which includes a graft

material, and which is attached to the stent member, wherein the stent member includes a

generally circumferential section that is shaped so as to define at least one fixation

member having a sharp tip;

transvascularly introducing the stent-graft into a blood vessel of a human subject

while the stent-graft is in the radially-compressed delivery state, in which at least a

portion of the fixation member is convex as viewed from outside the stent-graft, such that

the sharp tip points radially inward; and

thereafter, transitioning the stent-graft to the radially-expanded deployment state

in the blood vessel, such that the fixation member protrudes radially outwardly.

For some applications, providing the stent-graft includes providing the stent-graft

in which the circumferential section is at least partially not covered by the fluid flow

guide at least when the stent-graft is in the radially-expanded deployment state.

For some applications, providing the stent-graft includes providing the stent-graft

in which (a) the stent member is shaped so as to define a generally circumferential band,

which includes the circumferential section, which is shaped so as to define at least one

first strut and at least one second strut, which are coupled at a peak of the circumferential

band, and (b) the fixation member is shaped so as to define a base at a first end thereof

and the sharp tip at a second end thereof, which base is coupled to the first strut.

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of an endovascular stent-graft during several

stages of loading the stent-graft into an external delivery sheath of a delivery catheter, in

accordance with the prior art;

Figs. 2A-C are schematic illustrations of an endovascular stent-graft during

several stages of loading the stent-graft into an external delivery sheath of a delivery

catheter, in accordance with an application of the present invention;



Figs. 3A-C are schematic illustrations of the stent-graft of Figs. 2A-C during

several stages of deployment of the stent-graft from the external delivery sheath, in

accordance with an application of the present invention;

Figs. 4A-C are schematic illustrations of a portion of a circumferential band of the

stent-graft of Figs. 2A-C and 3A-C in several states, respectively, in accordance with an

application of the present invention;

Figs. 5A-B are schematic illustrations of a portion of the circumferential band of

Figs. 2A-C and 3A-C in two states, respectively, in accordance with an application of the

present invention;

Figs. 6A-C are schematic illustrations of another configuration the stent-graft of

Figs. 2A-C and 3A-C during several stages of deployment of the stent-graft from the

external delivery sheath, in accordance with an application of the present invention;

Fig. 7 is a schematic illustration of a portion of the stent-graft of Figs. 2A-C and

3A-C, in accordance with an application of the present invention;

Figs. 8A-B are schematic illustrations of another configuration of a portion of a

circumferential band of the stent-graft 2A-C and 3A-C in several states, respectively, in

accordance with an application of the present invention;

Figs. 9A-B are schematic illustrations of another stent-graft during two stages of

deployment of the stent-graft from an external delivery sheath of a delivery catheter, in

accordance with an application of the present invention; and

Figs. lOA-C are schematic side views of a single one of the fixation members and

a single one of the first struts of the stent-graft of Figs. 9A-B, in several deployment

states, in accordance with an application of the present invention.

DETAILED DESCRIPTION OF APPLICATIONS

Reference is made to Figs. 2A-C and 3A-C. Figs. 2A-C are schematic illustrations

of an endovascular stent-graft 10 during several stages of loading the stent-graft into an

external delivery sheath 20 of a delivery catheter of a delivery system, in accordance with

an application of the present invention. Figs. 3A-C are schematic illustrations of stent-

graft 10 during several stages of deployment of the stent-graft from external delivery

sheath 20, in accordance with an application of the present invention.



Stent-graft 10 comprises a flexible stent member 24 and a tubular fluid flow guide

26. Stent-graft 10 is configured to assume (a) a radially-compressed delivery state,

typically when the body is positioned in sheath 20, such as shown in Figs. 2C and 3A, and

(b) a radially-expanded deployment state, when not positioned in the sheath. Figs. 2A and

3C show a distal portion of the body in the radially-expanded state. Figs. 2B and 3B

show a distal portion of the body partially radially expanded. Figs. 2A-C and 3A-C also

show a distal tip 30 and an inner shaft 32 of the delivery system.

Typically, external delivery sheath 20 comprises a polymer. For some

applications, external delivery sheath 20 comprises an extruded polymer tube,

encapsulating a metallic (or other type of very resilient polymer wire, such as Kevlar™)

wire helical coil, and/or braid, which provide kink resistance, and/or longitudinal straight

wires for prevention of elongation of the sheath. Optionally, an internal low-friction

layer, e.g., comprising PTFE, is provided as an inner lining of the external sheath, in order

to reduce frictional forces between the stent-graft and the external delivery sheath.

Fluid flow guide 26 is attached to stent member 24, such as by suturing or

stitching. The flexible stent member may be attached to an internal and/or an external

surface of the fluid flow guide. Flexible stent member 24 comprises a plurality of

structural stent elements 28, which are either indirectly connected to one another by the

fluid flow guide (as shown), or interconnected with one another (configuration not

shown). Optionally, a portion of the structural stent elements may be attached (e.g.,

sutured) to the internal surface of the fluid flow guide, and another portion to the external

surface of the fluid flow guide. For some applications, structural stent elements 24

comprise a metal. Alternatively or additionally, the structural stent elements comprise a

self-expanding material, such that stent-graft 10 is self-expandable. Alternatively or

additionally, the structural stent elements comprise one or more metallic alloys, such as

one or more superelastic metal alloys, a shape memory metallic alloy, and/or Nitinol. For

some applications, the stent-graft is heat-set to assume the radially-expanded state.

Fluid flow guide 26 comprises a graft material, i.e., at least one biologically-

compatible substantially blood-impervious flexible sheet. The flexible sheet may

comprise, for example, a polyester, a polyethylene (e.g., a poly-ethylene-terephthalate), a

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

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



collagen), Polytetrafluoroethylene (PTFE), ePTFE, Dacron, or a combination of two or

more of these materials. The graft material optionally is woven.

Typically, stent-graft 10 is configured to self-expand from the delivery state to the

deployment state, such as shown in Figs. 3A-C. (Fig. 3C shows a distal portion of the

stent-graft radially expanded in the deployment state; the remainder of the stent-graft

transitions to the deployment state when external delivery sheath 20 is subsequently fully

withdrawn from the stent-graft.) For example, stent member 24 may be heat-set to cause

stent-graft 10 to self-expand from the delivery state to the deployment state.

Fluid flow guide 26 is attached to stent member 24 such that at least a generally

circumferential section 40 of the stent member is at least partially, e.g., completely, not

covered by the fluid flow guide at least when the stent-graft is in the radially-expanded

deployment state. Typically, the circumferential section is disposed at an end of stent-

graft 10, such as a distal end of the stent-graft as shown in Figs. 2A-C and 3A-C.

For some applications, circumferential section 40 is shaped so as to define a

plurality of first struts 42 and a plurality of second struts 43. Circumferential section 40 is

shaped so as to further define a plurality of fixation members 44, which are coupled to

respective ones of first struts 42. (The fixation members may be "coupled" to the struts by

fabricating the fixation members and struts from a single piece, e.g., from a rectangular

blank by removing missing portions by any standard means such as punching, stamping,

milling, or laser cutting; alternatively, the fixation members may comprises separate

pieces, which are fixed to the struts during fabrication.) For some applications, one or

more (e.g., all) of fixation members 44 are shaped so as to define respective barbs,

typically including sharp tips 45 for penetrating tissue, e.g., of an inner wall of a blood

vessel. As used in the present application, including in the claims, a "barb" means an

element having at least one free sharp end, which is sharp enough to enter the aortic wall.

The element may or may not define a sharp projection extending backward from the sharp

end for preventing easy extraction. Fixation members 44 are shown as narrowing toward

tips 45 in Figs. 2A-C and 3A-C (and Figs. 4A-C, 5A-B, and 6A-C, described

hereinbelow). Alternatively, the width of the fixation members remains generally

constant along at least a portion of, e.g., all of, the length thereof, e.g., similar to the

configuration shown in Figs. 8A-B.



For some applications, as shown in Figs. 2A-B and 3B-C (and Figs. 4A-C, 5A-B,

and 6A-C, described hereinbelow) circumferential section 40 is configured such that:

• when stent-graft 10 is in the delivery state, second struts 43 radially constrain

fixation members 44, respectively, including sharp tips 45, respectively, from

protruding radially outward, and

• when stent-graft 10 is in the deployment state, fixation members 44 are not

radially-constrained by second struts 43 and protrude radially outward. In this

state, tips 45 of fixation members 44 typically extend in respective directions

that define angles of between 40 and 90 degrees with an external surface of

stent-graft 10. Typically, fixation member 44 are heat-set to protrude radially

outward when not confined by second struts 43.

When the stent-graft is in the delivery state, radially-constrained fixation members

44 are unlikely to penetrate, tear, or otherwise damage external deliveiy sheath 20. When

the stent-graft is in the deployment state, fixation members 44 are configured to penetrate

the inner w ll of a tubular body part, such as a blood vessel, in order to help anchor stent-

graft 10 to the blood vessel.

As mentioned above, when stent-graft 10 is in the delivery state, second struts 43

radially constrain respective fixation members 44 from protruding radially outward.

Typically, second struts 43 are closer to first struts 42 when stent-graft 10 is in the

delivery state (and the stent-graft is thus radially compressed and consequently also

circumferentially compressed) than when stent-graft 10 is in the deployment state. As a

result, for some applications, second struts 43 are close enough to first struts 42 to come

in contact with respective portions of fixation members 44 and block the fixation

members from protruding radially outward. Fixation members 44 are disposed radially

inward of second struts 43, resting against respective surfaces of second struts 43 that face

radially inward, such as shown in Figs. 2B, 3B, 4B-C, and 6B. In contrast, when stent-

graft 10 is in the deployment state, second struts 43 are too far from first struts 42 to come

in contact with respective fixation members 44, which are thus free to expand radially

outward, such as shown in Figs. 2A, 3C, 4A, and 6C.

In some applications of the present invention, a method is provided for loading

stent-graft 10 into external delivery sheath 20. Stent-graft 10 is provided in the radially-

expanded deployment state, and loaded into external delivery sheath 20, such that the



stent-graft assumes the radially-compressed delivery state, in which second struts 43

radially constrain fixation members 44, respectively, from protruding radially outward.

Typically, fixation members 44 are loaded into the external delivery sheath after the

second struts and fixation members have been positioned such that the second struts

radially constrain the fixation members, as shown in Fig. 2B. For some applications, a jig

(not shown) may be used to push fixation members 44 radially inward and optionally also

laterally, during the crimping and constraining process. The stent-graft may be held in a

partially radially-compressed state at this point in the loading procedure, as shown in Fig.

2B.

For some applications, such as shown in Figs. 2A-B and 3B-C (and Figs. 4A-C,

5A-B, and 6A-C, described hereinbelow), stent member 24 is shaped so as to define a

generally circumferential band 50, which includes circumferential section 40 and first and

second struts 42 and 43. Circumferential band 50 is shaped such that pairs 52 of first and

second struts 42 and 43 are coupled at respective peaks 54 of circumferential band 50. As

used in the present application, including the claims, a "pair" consists of exactly two

elements; each pair 52 consists of exactly one of first struts 42 and exactly one of second

struts 43. Typically, fixation members 44 are shaped so as to define respective bases 60 at

respective first ends thereof and respective sharp tips 45 at respective second ends thereof.

Bases 60 are coupled to respective ones of first struts 42. For some applications, bases 60

are coupled to respective first struts 42 within a distance of the respective peaks, which

distance equals 50% of a length of first struts 42. For some applications, peaks 54 are

curved.

Reference is now made to Figs. 4A-C, which are schematic illustrations of a

portion of circumferential band 50 in several states, respectively, in accordance with an

application of the present invention. Figs. 4A-C show the portion of circumferential band

50 viewed from outside the stent-graft. Fig. 4A shows circumferential band 50 when the

stent-graft is in the deployment state, in which fixation members 44 are not radially-

constrained by respective second struts 43 and protrude radially outward. Figs. 4B and

4C show stent-graft 10 at two levels of radial compression. One of these levels of

compression, or an intermediary level of compression, may occur in the delivery state,

depending on the inner diameter of external delivery sheath 20 and the crossing profile of

the stent-graft. At these levels of compression, one or more second struts 43 of



circumferential section 40 radially constrain respective fixation members 44 from

protruding radially outward.

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

portion of circumferential band 50 in two states, respectively, in accordance with an

application of the present invention. Figs. 5A-B show the portion of circumferential band

50 viewed from outside the stent-graft. Fig. 5A shows circumferential band 50 when the

stent-graft is in the deployment state, in which fixation members 44 are not radially-

constrained by respective second struts 43 and protrude radially outward. Fig. 5B shows

circumferential band 50 when second struts 43 radially constrain respective fixation

members 44 from protruding radially outward constrained by respective and protrude

radially outward, such as when the stent-graft is in the deployment state. In this

configuration, second struts 43 are shaped so as to define respective lateral protrusions 80.

Lateral protrusions 80 constrain respective ones of tips 45 from protruding radially

outward, and thus possibly damaging the inner surface of the external delivery sheath,

when the stent-graft is in the radially-compressed delivery state, such that second struts 43

constrain the respective tips from protruding radially outward when the stent-graft is in

the radially-compressed delivery state.

Typically, second struts 43 are closer to first struts 42 when stent-graft 10 is in the

delivery state than when stent-graft 10 is in the deployment state. As a result, for some

applications, second struts 43 are close enough to first struts 42 for lateral protrusions to

come in contact with respective portions of fixation members 44 and block the fixation

members from protruding radially outward. Fixation members 44 are disposed radially

inward of second struts 43, resting against respective surfaces of lateral protrusions 80

that face radially inward, as shown in Fig. 5B. In contrast, when stent-graft 10 is in the

deployment state, second struts 43 are too far from first struts 42 for lateral protrusions 80

to come in contact with respective fixation members 44, which are thus free to expand

radially outward, such as shown in Fig. 5A.

For some applications, one or more of lateral protrusions 80 comprise respective

radiopaque markers 82, which may aid in properly positioning and/or rotationally aligning

the stent-graft during deployment and/or implantation.

Reference is again made to Figs 2A-C, 3A-C, 4A-C, and 5A-B, as well as to Figs.

6A-C, which are schematic illustrations of another configuration stent-graft 10 during



several stages of deployment of the stent-graft from external delivery sheath 20, in

accordance with an application of the present invention. In the configurations shown in

Figs 2A-C, 3A-C, 4A-C, and 5A-B, fixations members 44 are radially outwardly curved

when in the deployment state. Alternatively, in the configuration shown in Figs. 6A-C,

fixation members 44 are flat when in the deployment state. In this configuration, fixation

members 44 typically articulate with respect to respective first struts 42 at the respective

bases 60 of the fixation members, at the sites of coupling with first struts 42. This flat

configuration may be implemented with any of the configurations described herein,

including with reference to Figs. 4A-C and Figs. 5A-B.

Reference is again made to Figs. 2A-C, 3A-C, 4A-C, 5A-B, and 6A-C, as well as

to Fig. 7, which is a schematic illustration of a portion of stent-graft 10, in accordance

with an application of the present invention. For some applications, such as shown in

these figures, a first subset of fixation members 44 (labeled 44A) extend in a

counterclockwise direction (e.g., as viewed from a distal end of the stent-graft, i.e., from

above in Fig. 7) from their respective first struts 42, and a second subset of fixation

members 44 (labeled 44B) extend in a clockwise direction (e.g., as viewed from a distal

end of the stent-graft, i.e., from above in Fig. 7) from their respective first struts 42.

(When the stent-graft is in the deployment state, the direction of the fixation members

also includes a radially-outward component, i.e., the fixation members protrude radially

outward.) Thus, a first subset 90A of pairs 52 of struts are configured such that first struts

42 thereof are disposed clockwise (e.g., as viewed from a distal end of the stent-graft)

with respect to second struts 43 thereof, and a second subset 90B of pairs 52 of struts are

configured such that first struts 42 thereof are disposed counterclockwise (e.g., as viewed

from a distal end of the stent-graft) with respect to second struts 43 thereof.

For some applications, fixation members 44A and 44B are arranged alternatingly

around circumferential section 40, i.e., fixation member 44A, fixation member 44B,

fixation member 44A, fixation member 44B, etc. For these applications, pairs 52 of struts

42 and 43 of first subset 90A and pairs 52 of struts 42 and 43 of second subset 90B are

arranged alternatingly around circumferential section 40.

This arrangement of the fixation members may help better anchor stent-graft 10 to

the wall of the blood vessel. For example, blood flow in tortuous blood vessels may cause

some rotation of the blood vessel. Because some fixation members 44 point in each

direction (clockwise and counterclockwise), a subset of the fixation members anchors



better regardless of the direction in which the blood vessel rotates (clockwise or

counterclockwi se) .

Reference is now made to Figs. 8A-B, which are schematic illustrations of another

configuration of a portion of circumferential band 50 in two respective states, in

accordance with an application of the present invention. Figs. 8A-B show the portion of

circumferential band 50 viewed from outside the stent-graft. This configuration may be

used in combination with the configurations described hereinabove with reference to Figs.

1A-C, 2A-C, and/or 6A-C. In this configuration, circumferential band 50 is shaped such

that pairs 152 of first and second struts 142 and 143 are coupled at respective peaks 154

of circumferential band 50. Fixation members 144 are coupled to respective ones of first

struts 142.

Fig. 8A shows circumferential band 50 when stent-graft 10 is in the delivery state,

in which second strut 143 radially constrains fixation member 144 from protruding

radially outward. Fig. 8B shows circumferential band 50 when the stent-graft is in the

deployment state, in which fixation members 144 are not radially-constrained by

respective second stmts 143 and protrude radially outward.

In this configuration, fixation member 144 is shaped as a tab that is cut from first

strut 142 on al sides of the tab except at a base 160 thereof that is coupled to first strut

142. For example, the tab may be manufactured by making a U- or V-shaped cut in first

strut 142. Fixation member 144 may be generally flat, as shown in Figs. 8A-B, or curved

when in the deployment state (configuration not shown). Typically, fixation member 144

is heat-set to assume the state shown in Fig. 8B. If the tab is straightened such that a

surface thereof is parallel with a surface of first strut 142, the tab is surrounded on all

sides thereof by first strut 142.

Typically, second struts 143 are closer to first struts 142 when the stent-graft is in

the delivery state than when the stent-graft is in the deployment state. As a result, for

some applications, second struts 143 are close enough to first struts 142 to come in

contact with respective portions of fixation members 144 and block the fixation members

from protruding radially outward. Fixation members 144 are disposed radially inward of

second struts 143, resting against respective surfaces of second struts 143 that face

radially inward, such as shown in Fig. 8A. In contrast, when the stent-graft is in the

deployment state, second struts 143 are too far from first struts 142 to come in contact



with respective fixation members 144, which are thus free to expand radially outward,

such as shown in Fig. 8B.

Reference is now made to Figs. 9A-B, which are schematic illustrations of a stent-

graft 210 during two stages of deployment of the stent-graft from a external delivery

sheath 220, in accordance with an application of the present invention. Figs. 9A and 9B

are shown in different scales, with greater enlargement of the device in Fig. 9A than in

Fig. 9B; sheath 220 is in practice exactly or approximately the same size in Figs. 9A and

9B. Stent-graft 210 comprises a flexible stent member 224 and a tubular fluid flow guide

226. Stent-graft 210 is configured to assume (a) a radially-compressed delivery state,

typically when the body is positioned in sheath 220, such as shown in Fig. 9A, and (b) a

radially-expanded deployment state, when not positioned in the sheath. Fig. 9B shows a

distal portion of the body in the radially-expanded state. Fig. 9A also shows a distal tip

230 and an inner shaft 232 of the delivery system.

Fluid flow guide 226 is attached to stent member 224, such as described

hereinabove with reference to Figs. 2A-C and 3A-C regarding fluid flow guide 26 and

stent member 24. Fluid flow guide 226 comprises a graft material, such as described

hereinabove with reference to Figs. 2A-C and 3A-C regarding fluid flow guide 26.

Typically, stent-graft 210 is configured to self-expand from the delivery state to the

deployment state, such as shown in Figs. 9A-B. (Fig. 9B shows a distal portion of the

stent-graft radially expanded in the deployment state; the remainder of the stent-graft

transitions to the deployment state when external delivery sheath 220 is subsequently fully

withdrawn from the stent-graft.) For example, stent member 224 may be heat-set to cause

stent-graft 210 to self-expand from the delivery state to the deployment state.

Fluid flow guide 226 is attached to stent member 224 such that at least a generally

circumferential section 240 of the stent member is at least partially, e.g., completely, not

covered by the fluid flow guide at least when the stent-graft is in the radially-expanded

deployment state. Typically, the circumferential section is disposed at an end of stent-

graft 210, such as a distal end of the stent-graft as shown in Figs. 9A-B.

Circumferential section 240 is shaped so as to define a plurality of first struts 242

and a plurality of second struts 243. Circumferential section 240 is shaped so as to further

define a plurality of fixation members 244, which are coupled to respective ones of first

struts 242. (The fixation members may be "coupled" to the struts by fabricating the



fixation members and struts from a single piece, e.g., from a rectangular blank by

removing missing portions by any standard means such as punching, stamping, milling, or

laser cutting; alternatively, the fixation members may comprises separate pieces, which

are fixed to the struts during fabrication.) For some applications, one or more (e.g., all) of

fixation members 244 are shaped so as to define respective barbs, typically including

sharp tips 245 for penetrating tissue, e.g., of an inner wall of a blood vessel. As used in

the present application, including in the claims, a "barb" means an element having at least

one free sharp end, which is sharp enough to enter the aortic wall. The element may or

may not define a sharp projection extending backward from the sharp end for preventing

easy extraction.

Reference is still made to Figs. 9A-B, and is additionally made to Figs. lOA-C,

which are schematic side views of a single one of fixation members 244 and a single one

of first struts 242, in several deployment states, in accordance with an application of the

present invention. Each of these figures shows a single one of first struts 242 and a single

one of fixation members 244 coupled thereto in side view, in which the radially-outward

direction is the rightward direction in Figs. lOA-C (second struts are directly behind first

struts 242, and thus cannot be seen in the figures).

Fixation member 244 is shaped so as to define a base 260 at a first end thereof and

sharp tip 245 at a second end thereof. Base 260 is coupled to first strut 242. For some

applications, base 260 is coupled to first strut 242 within a distance of a peak 254 of the

pair including the first and second struts, which distance equals 50% of a length of the

first strut. For some applications, peak 254 is curved.

Figs. 9A and 10A show first strut 242 and fixation member 244 when stent-graft

210 is in the radially-compressed delivery state. In this state, at least a portion of fixation

member 244 is convex as viewed from outside stent-graft 210, such that sharp tip 245

points radially inward (i.e., to the left in Fig. 10A, toward a central longitudinal axis of

stent-graft 210). Fixation member 244 is bent radially inward. Typically, tip 245 is

positioned more radially inward than is first strut 242.

When stent-graft 210 is in the radially-expanded deployment state, as shown in

Figs. 9B and IOC, fixation member 244 and sharp tip 245 protrude radially outward (i.e.,

to the right in Fig. IOC, away from a central longitudinal axis of stent-graft 210), typically

beyond all other portions of fixation member 244 and first strut 242.



When the stent-graft is in the delivery state, radially-constrained fixation members

44 are unlikely to penetrate, tear, or otherwise damage external delivery sheath 220.

When the stent-graft is in the deployment state, fixation members 244 are configured to

penetrate the inner wall of a tubular body part, such as a blood vessel, in order to help

anchor stent-graft 210 to the blood vessel.

Reference is made to Figs. 2A-10C. For some applications, during a first stage of

an implantation procedure, the stent-graft is transvascularly (typically percutaneously)

introduced into a blood vessel of a human subject, such as an aorta, while the stent-graft is

positioned in external delivery sheath 20 in the radially-compressed delivery state. The

external delivery sheath is advanced to a desired deployment location in the blood vessel,

such at or slightly above the renal arteries. The external delivery sheath is proximally

withdrawn, releasing the stent-graft in the aorta. As the stent-graft is released, the stent-

graft transitions to the radially-expanded deployment state in the blood vessel. In this

state, the fixation members protrude radially outward and enter tissue of the internal wall

of the blood vessel, helping to anchor the stent-graft in place.

Optionally, after the stent-graft has radially expanded, the surgeon rotates the

stent-graft slightly, in order to better engage the fixation members with the tissue of the

vessel wall. Alternatively or additionally, for some applications, a balloon is used to

radially expand the stent-graft, and the balloon is configured to inflate with a rotational

vector.

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, or circular.

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

PCT Application PCT/TL2007/001312, filed October 29, 2007, which published as

PCT Publication WO/2008/053469 to Shalev, and US Application 12/447,684 in

the national stage thereof, which published as US Patent Application Publication

2010/0070019 to Shalev

US Provisional Application 60/991,726, filed December 2, 2007

PCT Application PCT/IL2008/001621, filed December 15, 2008, which published

as PCT Publication WO 2009/078010, and US Application 12/808,037 in the

national stage thereof, which pubUshed as US Patent Application Publication

2010/0292774

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, and US Application 13/380,278 in the

national stage thereof

PCT Application PCT/IL20 10/000549, filed July 8, 2010, which published as PCT

Publication WO 2011/004374

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

PCT Publication WO 2011/007354, and US Application 13/384,075 in the

national stage thereof

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

as PCT Publication WO 201 1/055364

PCT Application PCT/IL20 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/IL20 10/001037, filed December 8, 2010, which published



as PCT Publication WO 201 1/070576

• PCT Application PCT/IL20 10/001087, filed December 27, 20 10, which published

as PCT Publication WO 201 1/080738

• PCT Application PCT L2011/000135, filed February 8, 201 1, which published as

PCT Publication WO 201 1/095979

• PCT Application PCT/1L201 1/000801, filed October 10, 201 1

• US Application 13/031,871, filed February 22, 201 1, which published as US

Patent Application Publication 201 1/0208289

• US Provisional Application 61/496, 13, filed June 14, 201 1

• US Provisional Application 61/505,132, filed July 7, 201 1

• US Provisional Application 61/529,931, filed September 1, 201 1

• US Provisional Application 61/529,93 1, filed September 1, 2011

• PCT Application PCT/IL201 2/000148, filed April 4, 201 2

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 an endovascular stent-graft, which is configured to assume

a radially-compressed delivery state and a radially-expanded deployment state, and which

comprises:

a flexible stent member; and

a tubular fluid flow guide, which comprises a graft material, and which is attached

to the stent member,

wherein the stent member includes a generally circumferential section that is

shaped so as to define: (a) a plurality of first struts, (b) a plurality of second struts, and (c)

a plurality of fixation members, which are coupled to respective ones of the first struts,

and

wherein the circumferential section is configured such that:

when the stent-graft is in the delivery state, the second struts

radially constrain the fixation members, respectively, from protruding

radially outward, and

when the stent-graft is in the deployment state, the fixation

members are not radially-constrained by the second struts and protrude

radially outward.

2. The apparatus according to claim 1, wherein a first subset of the fixation members

extend in a counterclockwise direction from the respective first struts, and a second subset

of the fixation members extend in a clockwise direction from the respective first struts.

3. The apparatus according to claim 2, wherein the fixation members of the first

subset and the fixation members of the second subset are arranged alternatingly around

the circumferential section.

4. The apparatus according to claim 1, wherein the fixation members are shaped as

tabs that are cut from the respective first struts on all sides of the tabs except at respective

bases of the of fixation members.

5. The apparatus according to claim 1,

wherein the stent member is shaped so as to define a generally circumferential

band, which includes the circumferential section and the first and the second struts, and is

shaped such that pairs of the first and the second struts are coupled at respective peaks of

the circumferential band,



wherein the fixation members are shaped so as to define respective bases at

respective first ends thereof and respective sharp tips at respective second ends thereof,

which bases are coupled to the respective ones of the first struts, and

wherein the second struts (a) radially constrain the tips, respectively, from

protruding radially outward when the stent-graft is in the radially-compressed delivery

state, and (b) do not radially constrain the tips when the stent-graft is in the radially-

expanded deployment state.

6. The apparatus according to claim 5, wherein the fixation members are shaped as

tabs that are cut from the respective first struts on all sides of the tabs except at respective

bases of the of fixation members.

7. The apparatus according to claim 5, wherein the peaks are curved.

8. The apparatus according to claim 5, wherein the bases of the fixation members are

coupled to the respective first struts within a distance of the respective peaks, which

distance equals 50% a length of the first struts.

9. The apparatus according to claim 5,

wherein a first subset of the pairs of struts are configured such that the first struts

thereof are disposed clockwise with respect to the second struts thereof, and

wherein a second subset of the pairs of struts are configured such that the first

struts thereof are disposed counterclockwise with respect to the second struts thereof.

10. The apparatus according to claim 9, wherein the pairs of struts of the first subset

and the pairs of struts of the second subset are arranged altematingly around the

circumferential section.

11. The apparatus according to claim 5,

wherein the second struts are shaped so as to define respective lateral protrusions,

and

wherein the lateral protrusions radially constrain the tips, respectively, from

protruding radially outward when the stent-graft is in the radially-compressed delivery

state, such that the second struts radially constrain the tips, respectively, from protruding

radially outward when the stent-graft is in the radially-compressed delivery state.

12. The apparatus according to claim 11, wherein one or more of the lateral

protrusions comprise respective radiopaque markers.



13. The apparatus according to any one of claims 1-12, wherein the circumferential

section is at least partially not covered by the fluid flow guide at least when the stent-graft

is in the radially-expanded deployment state.

14. The apparatus according to any one of claims 1-12, wherein, when the stent-graft

is in the radially-compressed delivery state, (a) a first one of the fixation members is bent

laterally in a clockwise direction, and (b) a second one of the fixation members is bent

laterally in a counterclockwise direction.

15. The apparatus according to any one of claims 1-12, wherein, when the stent-graft

is in the radially-compressed delivery state, (a) a plurality of first ones of the fixation

members are bent laterally in a clockwise direction, (b) a plurality of second ones of the

fixation members are bent laterally in a counterclockwise direction, and wherein the first

ones of the fixation members and the second ones of the fixation members are arranged

alternatingly around the circumferential section.

16. The apparatus according to any one of claims 1-12, wherein the circumferential

section is disposed at an end of the stent-graft.

17. The apparatus according to claim any one of claims 1-12, wherein the fixation

members are shaped so as to define respective barbs.

18. The apparatus according to any one of claims 1-12, further comprising an external

delivery sheath, in which the stent-graft is removably positioned in the radially-

compressed delivery state.

19. Apparatus comprising an endovascular stent-graft, which is configured to assume

a radially-compressed delivery state and a radially-expanded deployment state, and which

comprises:

a flexible stent member; and

a tubular fluid flow guide, which comprises a graft material, and which is attached

to the stent member,

wherein the stent member includes a generally circumferential section that is

shaped so as to define at least one fixation member having a sharp tip,

wherein, when the stent-graft is in the radially-expanded deployment state, the

fixation member protrudes radially outward, and

wherein, when the stent-graft is in the radially-compressed delivery state, at least a

portion of the fixation member is convex as viewed from outside the stent-graft, such that



the sharp tip points radially inward.

20. The apparatus according to claim 19,

wherein the stent member is shaped so as to define a generally circumferential

band, which includes the circumferential section, which is shaped so as to define at least

one first strut and at least one second strut, which are coupled at a peak of the

circumferential band, and

wherein the fixation member is shaped so as to define a base at a first end thereof

and the sharp tip at a second end thereof, which base is coupled to the first strut.

21. The apparatus according to any one of claims 19-20, wherein the circumferential

section is at least partially not covered by the fluid flow guide at least when the stent-graft

is in the radially-expanded deployment state.

22. A method comprising:

providing an endovascular stent-graft in a radially-expanded deployment state,

which stent-graft includes (a) a flexible stent member, and (b) a tubular fluid flow guide,

which includes a graft material, and which is attached to the stent member, wherein the

stent member includes a generally circumferential section that is shaped so as to define:

(i) a plurality of first struts, (ii) a plurality of second struts, and (iii) a plurality of fixation

members, which are coupled to respective ones of the first struts, wherein, when the stent-

graft is in the deployment state, the fixation members are not radially-constrained by the

second stmts and protrude radially outward; and

loading the stent-graft into an external delivery sheath of a delivery catheter, such

that the stent-graft assumes a radially-compressed delivery state, in which the second

struts radially constrain the fixation members, respectively, from protruding radially

outward.

23. The method according to claim 22, wherein loading comprises:

positioning the second struts and the fixation members such that the second struts

radially constrain the fixation members, respectively; and

thereafter, loading the fixation members into the external delivery sheath.

24. The method according to claim 22, wherein providing the stent-graft comprises

providing the stent-graft in which a first subset of the fixation members extend in a

counterclockwise direction from the respective first struts, and a second subset of the

fixation members extend in a clockwise direction from the respective first struts.



25. The method according to claim 24, wherein providing the stent-graft comprises

providing the stent-graft in which the fixation members of the first subset and the fixation

members of the second subset are arranged alternatingly around the circumferential

section.

26. The method according to claim 22, wherein providing the stent-graft comprises

providing the stent-graft in which the fixation members are shaped as tabs that are cut

from the respective first struts on all sides of the tabs except at respective bases of the of

fixation members

27. The method according to claim 22, wherein providing the stent-graft comprises

providing the stent-graft in which:

the stent member is shaped so as to define a generally circumferential band, which

includes the circumferential section and the first and the second struts, and is shaped such

that pairs of the first and the second struts are coupled at respective peaks of the

circumferential band,

the fixation members are shaped so as to define respective bases at respective first

ends thereof and respective sharp tips at respective second ends thereof, which bases are

coupled to the respective ones of the first struts, and

the second struts (a) radially constrain the tips, respectively, from protruding

radially outward when the stent-graft is in the radially-compressed delivery state, and (b)

do not radially constrain the tips when the stent-graft is in the radially-expanded

deployment state.

28. The method according to claim 27, wherein providing the stent-graft comprises

providing the stent-graft in which the fixation members are shaped as tabs that are cut

from the respective first struts on all sides of the tabs except at respective bases of the of

fixation members

29. The method according to claim 27, wherein providing the stent-graft comprises

providing the stent-graft in which the peaks are curved.

30. The method according to claim 27, wherein providing the stent-graft comprises

providing the stent-graft in which the bases of the fixation members are coupled to the

respective first struts within a distance of the respective peaks, which distance equals 50%

of a length of the first struts.

31. The method according to claim 27, wherein providing the stent-graft comprises



providing the stent-graft in which:

a first subset of the pairs of struts are configured such that the first struts thereof

are disposed clockwise with respect to the second struts thereof, and

a second subset of the pairs of struts are configured such that the first struts thereof

are disposed counterclockwise with respect to the second struts thereof.

32. The method according to claim 31, wherein providing the stent-graft comprises

providing the stent-graft in which the pairs of struts of the first subset and the pairs of

struts of the second subset are arranged altematingly around the circumferential section.

33. The method according to claim 27, wherein providing the stent-graft comprises

providing the stent-graft in which:

the second struts are shaped so as to define respective lateral protrusions, and

the lateral protrusions rad ally constrain the tips, respectively, from protruding

radially outward when the stent-graft is in the radially-compressed delivery state, such

that the second struts radially constrain the tips, respectively, from protruding radially

outward when the stent-graft is in the radially-compressed delivery state.

34. The method according to any one of claims 22-33, wherein providing the stent-

graft comprises providing the stent-graft in which, when the stent-graft is in the radially-

compressed delivery state, (a) a first one of the fixation members is bent laterally in a

clockwise direction, and (b) a second one of the fixation members is bent laterally in a

counterclockwise direction.

35. The method according to any one of claims 22-33, wherein providing the stent-

graft comprises providing the stent-graft in which, when the stent-graft is in the radially-

compressed delivery state, (a) a plurality of first ones of the fixation members are bent

laterally in a clockwise direction, (b) a plurality of second ones of the fixation members

are bent laterally in a counterclockwise direction, and wherein the first ones of the

fixation members and the second ones of the fixation members are arranged altematingly

around the circumferential section.

36. The method according to any one of claims 22-33, wherein providing the stent-

graft comprises providing the stent-graft in which the circumferential section is at least

partially not covered by the fluid flow guide at least when the stent-graft is in the radially-

expanded deployment state.

37. The method according to any one of claims 22-33, wherein providing the stent-



graft comprises providing the stent-graft in which the circumferential section is disposed

at an end of the stent-graft.

38. The method according to any one of claims 22-33, wherein providing the stent-

graft comprises providing the stent-graft in which the fixation members are shaped so as

to define respective barbs.

39. A method comprising:

providing an endovascular stent-graft, which is configured to assume a radially-

compressed delivery state and a radially-expanded deployment state, and which includes

(a) a flexible stent member, and (b) a tubular fluid flow guide, which comprises a graft

material, and which is attached to the stent member, wherein the stent member includes a

generally circumferential section that is shaped so as to define: (i) a plurality of first

struts, (ii) a plurality of second struts, and (iii) a plurality of fixation members, which are

coupled to respective ones of the first struts;

transvascularly introducing the stent-graft into a blood vessel of a human subject

while the stent-graft is in the radially-compressed delivery state, in which the second

struts radially constrain the fixation members, respectively, from protruding radially

outward; and

thereafter, transitioning the stent-graft in the blood vessel to the radially-expanded

deployment state, in which the fixation members are not radially-constrained by the

second struts and protrude radially outwardly and engage a wall of the blood vessel.

40. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which the circumferential section is at least partially not

covered by the fluid flow guide at least when the stent-graft is in the radially-expanded

deployment state.

41. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which a first subset of the fixation members extend in a

counterclockwise direction from the respective first struts, and a second subset of the

fixation members extend in a clockwise direction from the respective first struts.

42. The method according to claim 41, wherein providing the stent-graft comprises

providing the stent-graft in which the fixation members of the first subset and the fixation

members of the second subset are arranged alternatingly around the circumferential

section.



43. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which the fixation members are shaped as tabs that are cut

from the respective first struts on all sides of the tabs except at respective bases of the of

fixation members

44. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which:

the stent member is shaped so as to define a generally circumferential band, which

includes the circumferential section and the first and the second struts, and is shaped such

that pairs of the first and the second struts are coupled at respective peaks of the

circumferential band,

the fixation members are shaped so as to define respective bases at respective first

ends thereof and respective sharp tips at respective second ends thereof, which bases are

coupled to the respective ones of the first struts, and

the second struts (a) radially constrain the tips, respectively, from protruding

radially outward when the stent-graft is in the radially-compressed delivery state, and (b)

do not radially constrain the tips when the stent-graft is in the radially-expanded

deployment state.

45. The method according to claim 44, wherein providing the stent-graft comprises

providing the stent-graft in which the fixation members are shaped as tabs that are cut

from the respective first struts on all sides of the tabs except at respective bases of the of

fixation members

46. The method according to claim 44, wherein providing the stent-graft comprises

providing the stent-graft in which the peaks are curved.

47. The method according to claim 44, wherein providing the stent-graft comprises

providing the stent-graft in which the bases of the fixation members are coupled to the

respective first struts within a distance of the respective peaks, which distance equals 50%

of a length of the first struts.

48. The method according to claim 44, wherein providing the stent-graft comprises

providing the stent-graft in which:

a first subset of the pairs of struts are configured such that the first struts thereof

are disposed clockwise with respect to the second struts thereof, and

a second subset of the pairs of struts are configured such that the first struts thereof



are disposed counterclockwise with respect to the second struts thereof.

49. The method according to claim 48, wherein providing the stent-graft comprises

providing the stent-graft in which the pairs of struts of the first subset and the pairs of

struts of the second subset are arranged alternatingly around the circumferential section.

50. The method according to claim 44, wherein providing the stent-graft comprises

providing the stent-graft in which:

the second struts are shaped so as to define respective lateral protrusions, and

the lateral protrusions radially constrain the tips, respectively, from protruding

radially outward when the stent-graft is in the radially-compressed delivery state, such

that the second struts radially constrain the tips, respectively, from protruding radially

outward when the stent-graft is in the radially-compressed delivery state.

51. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which, when the stent-graft is in the radially-compressed

delivery state, (a) a first one of the fixation members is bent laterally in a clockwise

direction, and b) a second one of the fixation members is bent laterally in a

counterclockwise direction.

52. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which, when the stent-graft is in the radially-compressed

delivery state, (a) a plurality of first ones of the fixation members are bent laterally in a

clockwise direction, (b) a plurality of second ones of the fixation members are bent

laterally in a counterclockwise direction, and wherein the first ones of the fixation

members and the second ones of the fixation members are arranged alternatingly around

the circumferential section.

53. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which the circumferential section is disposed at an end of the

stent-graft.

54. The method according to claim 39, wherein providing the stent-graft comprises

providing the stent-graft in which the fixation members are shaped so as to define

respective barbs.

55. The method according to claim 39,

wherein transvascularly introducing comprises transvascularly introducing the

stent-graft into the blood while the stent-graft is positioned in an external delivery sheath



of a delivery catheter in the radially-compressed delivery state, and

wherein transitioning the stent-graft to the radially-expanded deployment state in

the blood vessel comprises deploying the stent-graft from the external delivery sheath.

56. A method comprising:

providing an endovascular stent-graft in a radially-expanded deployment state,

which stent-graft includes (a) a flexible stent member, and (b) a tubular fluid flow guide,

which includes a graft material, and which is attached to the stent member, wherein the

stent member includes a generally circumferential section that is shaped so as to define at

least one fixation member having a sharp tip, and wherein, when the stent-graft is in the

deployment state, the fixation members protrudes radially outward; and

loading the stent-graft into an external delivery sheath of a delivery catheter, such

that the stent-graft assumes a radially-compressed delivery state, in which at least a

portion of the fixation member is convex as viewed from outside the stent-graft, such that

the sharp tip points radially inward.

57. The method according to claim 56, wherein providing the stent-graft comprises

providing the stent-graft in which the circumferential section is at least partially not

covered by the fluid flow guide at least when the stent-graft is in the radially-expanded

deployment state.

58. The method according to claim 56,

wherein providing the stent-graft comprises providing the stent-graft in which the

stent member is shaped so as to define a generally circumferential band, which includes

the circumferential section, which is shaped so as to define at least one first strut and at

least one second strut, which are coupled at a peak of the circumferential band, and

wherein the fixation member is shaped so as to define a base at a first end thereof

and the sharp tip at a second end thereof, which base is coupled to the first strut.

59. A method comprising:

providing an endovascular stent-graft, which is configured to assume a radially-

compressed delivery state and a radially-expanded deployment state, and which includes

(a) a flexible stent member, and (b) a tubular fluid flow guide, which includes a graft

material, and which is attached to the stent member, wherein the stent member includes a

generally circumferential section that is shaped so as to define at least one fixation

member having a sharp tip;



transvascularly introducing the stent-graft into a blood vessel of a human subject

while the stent-graft is in the radially-compressed delivery state, in which at least a

portion of the fixation member is convex as viewed from outside the stent-graft, such that

the sharp tip points radially inward; and

thereafter, transitioning the stent-graft to the radially-expanded deployment state

in the blood vessel, such that the fixation member protrudes radially outwardly.

60. The method according to claim 59, wherein providing the stent-graft comprises

providing the stent-graft in which the circumferential section is at least partially not

covered by the fluid flow guide at least when the stent-graft is in the radially-expanded

deployment state .

61. The method according to claim 59, wherein providing the stent-graft comprises

providing the stent-graft in which (a) the stent member is shaped so as to define a

generally circumferential band, which includes the circumferential section, which is

shaped so as to define at least one first strut and at least one second strut, which are

coupled at a peak of the circumferential band, and (b) the fixation member is shaped so as

to define a base at a first end thereof and the sharp tip at a second end thereof, which base

is coupled to the first strut.
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