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ENDOVASCULAR SYSTEM WITH CIRCUMFERENTIALLY-QVERLAPPING

STENT-GRAFTS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority from US Patent Application 61/499,195,

filed June 21, 2011, which is assigned to the assignee of the present application and is

incorporated herein by reference.

FIELD OF THE APPLICATION

This 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.

Endo-Vascular Aneurysm Repair (EVAR) has transformed the practice of

treatment of aortic aneurysms from an open surgical approach to a much less invasive

surgical approach. The first step of an endovascular intervention usually requires

introducing a delivery system into the vasculature of a subject. If the crossing profile, i.e.,

the external diameter, of the delivery system is 14 Fr or lower (3 Fr = 1 millimeter), a true

percutaneous approach may be used, because vascular closure devices are available for

proper closure of such puncture sites. If the crossing profile at least 15-16 Fr, a vascular



cut-down is usually required in advance as a preparatory step to introduction of the

delivery system.

Endovascular systems for treatment of supra-renal aneurysms generally require the

preparatory step of a vascular cut-down. A cut-down is the localized surgical exposure of

blood vessels for accessing the subject's vasculature. For example, most surgical cut-

downs used in EVAR procedures are performed in the vicinity of the pubis, exposing the

iliac arteries. Surgical cut-downs have related complications and co-morbidities,

including difficulty in controlling bleeding at the access site, false aneurysms, and

vascular obstruction. It is therefore desirable to use a purely percutaneous approach,

instead of a vascular cut-down.

Endovascular stent-grafts for treating the thoracic aorta usually require a 20-22 Fr

delivery system, because of the large amount of graft material indicated by the diameter

of the aorta above the level of the renal arteries (30 - 40 mm diameter or more in some

subjects). Currently used graft materials are PET (Poly Ethylene Therephtalate) and

ePTFE (expanded Poly-Tetra-Fluoro-Ethylene). The thickness and circumferential length

of the graft have the most substantial effect on the crossing profile of an endovascular

system. The use of thinner graft materials generally reduces long-term durability of the

graft material.

SUMMARY OF APPLICATIONS

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

stent-graft system has a body portion that comprises a plurality of stent-grafts. The stent-

grafts are configured to be assembled in situ in a blood vessel of a subject to define a

circumferentially-complete fluid flow path. T e stent-grafts comprise respective stent

members, which are shaped so as to define respective circumferentially-complete tubes

when the stent-grafts are in respective radially-expanded states. The stent-grafts further

comprise respective graft members that are securely fixed to the stent members,

respectively. The graft members circumscribe respective circumferential arcs of the

respective stent members, which circumferential arcs have respective extents that are less

than entire circumferences of the respective stent members at least partially along

respective axial lengths of the stent members. The graft members collectively cover an

entire circumference of the body portion along the entire axial length of the body portion,

when (a) the stent-grafts are nested within one another along the entire axial length of the



body portion, with predefined rotational and axial relationships therebetween, and (b) the

stent-grafts are in their respective radially-expanded states. Typically, in order to provide

good circumferential sealing between circumferentially-adjacent stent-grafts, pairs of

circumferentially-adjacent graft members have respective circumferential overlaps having

respective arc extents.

Because each of the stent-grafts comprises substantially less graft and stent

material than a typical single-component full-circumference stent-graft, the stent-grafts

typically have relatively small crossing profiles. The stent-grafts thus can typically be

deployed using catheters having a diameter of no more than 14 Fr. This generally enables

the use of a true percutaneous surgical technique, without the need for a vascular cut-

down. In addition, because each of the stent members defines a circumferentially-

complete tube (at at least one point along the length of each stent-graft), upon deployment

the stent-grafts are tightly coupled to one another, and form tight blood-impervious seals

with one another. Furthermore, if the stent-grafts did not define circumferentially-

complete tubes, the stent-grafts might have a tendency to flatten upon deployment.

For some applications, the stent-graft system is deployed in the aorta for treating

an aneurysm. During an implementation procedure, a first one of the stent-grafts is

transvascularly (typically percutaneously) introduced into the aorta via one of the iliac

arteries, while the stent-graft is positioned in a delivery catheter, restrained in its radially-

compressed state by the catheter. After being positioned at a desired location in the aorta,

the first stent-graft is deployed from the catheter, and assumes its radially-expanded state.

A second one of the stent-grafts, while restrained in its radially-compressed state in a

catheter, is advanced through the previously-deployed first stent-graft, until the second

stent-graft is positioned at least partially (typically, entirely) within the first stent-graft,

generally axially aligned with the first stent-graft. Before it is deployed from delivery

catheter, the second stent-graft is properly rotationally aligned with the previously-

deployed first stent-graft, such that the respective graft members of the stent-grafts will

together form a circumferenti ally-complete fluid flow guide upon full deployment of the

second stent-graft (and the other remaining stent-grafts, if any). The second stent-graft is

then deployed from the catheter, thereby nesting the second stent-graft within the first

stent-graft. For configurations in which the stent-graft system comprises more than two

stent-grafts, the procedure described above is repeated for the additional stent-grafts, until

the stent-grafts are all deployed to together form the stent-graft system. As a result, the



stent-graft system has been assembled in situ to form a circumferentially complete fluid

flow guide comprising all of the stent-grafts.

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

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

has proximal and distal ends, and a body portion disposed along at least a part of the stent-

graft system longitudinally between the proximal and distal ends, which body portion has

an axial length and includes a plurality of stent-grafts, which (a) are configured to assume

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

expanded states for intraluminal fixation, and (b) include:

respective stent members, which are shaped, when the stent-grafts

are in their respective radially-expanded states, so as to define respective

tubes, each of which is circumferentially-complete at at least one

longitudinal location therealong; and

respective graft members, which respectively include one or more

biologically-compatible substantially blood-impervious flexible sheets,

and which are securely fixed to the stent members, respectively, such that

the graft members circumscribe respective circumferential arcs of the

respective stent members, which circumferential arcs have respective

extents that are less than entire circumferences of the respective stent

members at least partially along respective axial lengths of the stent

members, when the stent-grafts are in their respective radially-expanded

states,

wherein the graft members collectively cover an entire circumference of the body

portion along the entire axial length of the body portion, when (a) the stent-grafts are

nested within one another along the entire axial length of the body portion, with

predefined rotational and axial relationships therebetween, and (b) the stent-grafts are in

their respective radially-expanded states.

For some applications, the graft members are securely fixed to the stent members,

respectively, such that the circumferential arc extents are less than the entire

circumferences of the respective stent members along at least 80% of the respective axial

lengths of the stent members, when the stent-grafts are in their radially-expanded states.

For some applications, the graft members are securely fixed to the stent members,

respectively, such that the circumferential arc extents are less than the entire



circumferences of the respective stent members along the entire respective axial lengths of

the stent members, when the stent-grafts are in their radially-expanded states.

For some applications, the circumferential arcs have respective arc extents, at least

one of which is between Ι .ΐ π (pi) and 1.4π (pi) radians. For some applications, each of

the respective arc extents is between Ι .ΐ π (pi) and A n (pi) radians. For some

applications, the stent-graft system includes exactly two stent-grafts.

For some applications, the circumferential arcs have respective arc extents, at least

one of which is between 0.75π (pi) and Ι . ΐ π (pi) radians. For some applications, each of

the respective arc extents is between 0.75π (pi) and Ι . ΐ π (pi) radians. For some

applications, the stent-graft system includes exactly three stent-grafts.

For some applications, the circumferential arcs have respective arc extents, at least

one of which is between 0.6π (pi) and 0.75π (pi) radians. For some applications, each of

the respective arc extents is between 0.6π (pi) and 0.75π (pi) radians. For some

applications, the stent-graft system includes exactly four stent-grafts.

For some applications, pairs of circumferentially-adjacent graft members have

respective circumferential overlaps having respective arc extents, each of which is at least

0.05π (pi) radians, when (a) the stent-grafts are nested within one another along the entire

axial length of the body portion, with the predefined rotational and axial relationships

therebetween, and (b) the stent-grafts are in their respective radially-expanded states. For

some applications, each of the overlaps is at least Ο. ΐ π (pi) radians. For some

applications, the circumferential arcs have respective arc extents, a sum of which is

greater than 2.2π (pi) radians, when (a) the stent-grafts are nested within one another

along the entire axial length of the body portion, with the predefined rotational and axial

relationships therebetween, and (b) the stent-grafts are in their respective radially-

expanded states. For some applications, the sum is equal to at least 2.6π (pi) radians. For

some applications, the sum is equal at least (a) 2π (pi) plus (b) a product of (i) a number of

the stent-grafts and (ii) Ο. ΐ (pi) radians.

For any of the applications described above, the circumferential arcs may have

respective arc angular centers, which are positioned at respective substantially constant

circumferential locations along the entire axial length of the body portion, when (a) the

stent-grafts are nested within one another along the entire axial length of the body portion,

with the predefined rotational and axial relationships therebetween, and (b) the stent-



grafts are in their respective radially-expanded states.

For any of the applications described above, the circumferential arcs may have

respective arc angular centers, which are positioned at respective circumferential locations

that vary along at least a portion of the axial length of the body portion, when (a) the

stent-grafts are nested within one another along the entire axial length of the body portion,

with the predefined rotational and axial relationships therebetween, and (b) the stent-

grafts are in their respective radially-expanded states. For some applications, the

respective circumferential locations vary along the entire axial length of the body portion

when (a) the stent-grafts are nested within one another along the entire axial length of the

body portion, with the predefined rotational and axial relationships therebetween, and (b)

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

circumferential arcs have respective arc extents, which are generally constant along the

entire axial length of the body portion, when (a) the stent-grafts are nested within one

another along the entire axial length of the body portion, with the predefined rotational

and axial relationships therebetween, and (b) the stent-grafts are in their respective

radially-expanded states.

For any of the applications described above, the circumferential arcs may have

respective arc extents, which vary along the entire axial length of the body portion, when

(a) the stent-grafts are nested within one another along the entire axial length of the body

portion, with the predefined rotational and axial relationships therebetween, and (b) the

stent-grafts are in their respective radially-expanded states.

For any of the applications described above, the stent-graft system may be shaped

so as to define a side-facing fenestration, when (a) the stent-grafts are nested within one

another along the entire axial length of the body portion, with the predefined rotational

and axial relationships therebetween, and (b) the stent-grafts are in their respective

radially-expanded states. For some applications, the side-facing fenestration is generally

circular. For some applications, a perimeter of the fenestration is between 10% and 50%

of a perimeter of the stent-graft system adjacent the fenestration.

For any of the applications described above, the body portion may be disposed

along only part of the stent-graft system.

For any of the applications described above, the stent members may be self-

expanding.



For any of the applications described above, the stent members may include a

superelastic metallic alloy. Alternatively or additionally, for any of the applications

described above, the stent members may include a shape memory metallic alloy.

Alternatively or additionally, for any of the applications described above, the stent

members may include Nitinol.

For any of the applications described above, the stent-graft system may further

include a plurality of outwardly protruding fixation elements. For some applications, the

fixation elements are positioned at the proximal end of the stent-graft system. For some

applications, the fixation elements include barbs.

For any of the applications described above, each of the stent-grafts may further

include one or more radiopaque markers.

For any of the applications described above, each of the tubes respectively defined

by the stent members may be circumferentially-complete along at least three longitudinal

locations thereof.

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

plurality of delivery catheters, in which the stent-grafts are respectively initially

positioned in their radially-compressed states.

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

invention, a method including:

(i) providing a multi-component endovascular stent-graft system, which has

proximal and distal ends, and a body portion disposed along at least a part of the stent-

graft system longitudinally between the proximal and distal ends, which body portion has

an axial length and includes a plurality of stent-grafts, which (a) are configured to assume

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

expanded states for intraluminal fixation, and (b) include (x) respective stent members,

which are shaped so as to define respective circumferentially-complete tubes when the

stent-grafts are in their respective radially-expanded states, and (y) respective graft

members, which respectively include one or more biologically-compatible substantially

blood-impervious flexible sheets, and which are securely fixed to the stent members,

respectively, such that the graft members circumscribe respective circumferential arcs of

the respective stent members, which circumferential arcs have respective extents that are

less than entire circumferences of the respective stent members at least partially along



respective axial lengths of the stent members, when the stent-grafts are in their respective

radially-expanded states;

(ii) transvascularly introducing a first one of the stent-grafts into a blood vessel

of a human subject, while the stent-graft is restrained in its radially-compressed state;

(iii) thereafter, deploying the first stent-graft in the blood vessel so that the first

stent-graft assumes its radially-expanded state;

(iv) thereafter, introducing another one of the stent-grafts into the blood vessel

and at least partially into the first stent-graft and any of the other stent-grafts already

deployed, while the another stent-graft is restrained in its radially-compressed state;

(v) thereafter, axially and rotationally orienting the another stent-graft with the

first stent-graft and any of the other stent-grafts already deployed, and deploying the

another stent-graft in the blood vessel so that the another stent-graft assumes its radially-

expanded state; and

(vi) thereafter, repeating steps (iv) and (v) until all of the stent-grafts have been

deployed in the blood vessel,

wherein deploying the stent-grafts includes deploying the stent-grafts such that the

graft members collectively cover an entire circumference of the body portion along the

entire axial length of the body portion.

For some applications, deploying the stent-grafts includes deploying the stent-

grafts such that pairs of circumferentially-adjacent graft members have respective

circumferential overlaps having respective arc extents, each of which is at least 0.05π (pi)

radians, such as at least Ο. π (pi) radians.

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

stent-graft system in which each of the tubes respectively defined by the stent members is

circumferentially-complete along an entire length thereof.

For some applications, the blood vessel is an aorta, and deploying the stent-grafts

includes deploying the stent-grafts in the aorta.

For some applications, the method further includes identifying the subject as

suffering from an aortic aneurysm, and deploying the stent-grafts includes deploying the

stent-grafts responsively to the identifying.

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 a multi-component endovascuiar stent-

graft system, disassembled and assembled, respectively, in accordance with an application

of the present invention;

Fig. 2 is a schematic illustration of the stent-graft system of Figs. 1A-B viewed

from a distal end thereof, in accordance with an application of the present invention;

Figs. 3A-B are schematic illustrations of another configuration of the multi-

component endovascuiar stent-graft system of Figs. 1A-B and 2, disassembled and

assembled, respectively, in accordance with an application of the present invention;

Figs. 4A-F are schematic illustrations of an exemplary method of deploying the

multi-component endovascuiar stent-graft system of Figs. 1A-B, 2, and/or 3 in the vicinity

of an abdominal aortic aneurysm, in accordance with an application of the present

invention;

Fig. 5 is a schematic illustration of another configuration of the stent-graft system

of Figs 1A-B, in accordance with an application of the present invention; and

Fig 6 is a schematic illustration of yet another configuration of the stent-graft

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

DETAILED DESCRIPTION OF APPLICATIONS

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

graft system 10, in accordance with an application of the present invention. Figs. 1A and

IB show the stent-graft system disassembled and assembled, respectively. Stent-graft

system 10 has proximal and distal ends 12 and 14, and a body portion 16 disposed along

at least a part of the stent-graft system longitudinally between proximal and distal ends 12

and 14. Body portion 16 has an axial length L (labeled in Fig. IB). For some

applications, body portion 1 extends along the entire axial length of stent-graft system

10, as shown in the figures. For other applications, the body portion extends along only

part of the length of the stent-graft system, such as described hereinbelow with reference

to Fig. 6.

Body portion 16 comprises a plurality of stent-grafts 20. In the exemplary

configuration shown in Figs. 1A-B, body portion 16 comprises exactly two stent-grafts

2 A and 20B. Each of endovascuiar stent-grafts 20 is configured to initially be positioned



in a delivery catheter in a radially-compressed state for transluminal delivery, such as

described hereinbelow with reference to Figs. 4A and 4C-E, and to assume a radially-

expanded state upon being deployed from the delivery catheter for intraluminal fixation,

such as described hereinbelow with reference to Figs. 4B and 4F. Figs. 1A-B show the

endovascular stent-grafts in their respective radially-expanded states. For some

applications, the stent-grafts are heat-set to assume the radially-expanded state.

Stent-graft system 10 is assembled in situ by nesting stent-grafts 20 within one

another, as shown in Fig. IB. The stent-grafts are typically sized such that they become

tightly coupled to one another upon radial expansion, such as by radial force and/or

coupling elements disposed thereupon (e.g., internally connecting barbs) or by an external

device (e.g., stapler pins that connect the stent-grafts and that are applied by an

independent stapling instrument). It is noted that for applications in which stent-graft

system 10 comprises exactly two stent-grafts 20, one of the stent-grafts is nested within

the other stent-graft. For applications in which the stent-graft system comprises exactly

three stent-grafts, a first one of the stent-grafts is nested within a second one of the stent-

grafts, and a third one of the stent-grafts is nested within both the first and second stent-

grafts. The stent-grafts of stent-grafts systems comprising more than three stent-grafts are

similarly nested within one another.

For some applications, proximal and/or distal portions of the stent-graft system

extend proximally and/or distally beyond the body portion comprise anchoring elements,

for example as described hereinbelow with reference to Fig. 6, and/or as described in PCT

Publication WO 2010/150208, mutatis mutandis, which is incorporated herein by

reference, e.g., with reference to Figs. 3, 7A-C, 9A-B, 10A-B, 13, 15A-C, 16, 17, 18, 19,

20A-B, and/or 2 1A-B thereof. These proximally- and/or distally-extending portions may

be components of all of stent-grafts 20, or of only a portion of stent-grafts 20, such as of

only one of stent-grafts 20.

Each of stent-grafts 20 comprises a stent member 22 and a graft member 24. Stent

member 22 comprises a plurality of structural stent elements (struts) 26, which, for some

applications, are arranged as a plurality of circumferential bands 28. 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. In the configuration shown in Figs. 1A-B, circumferential bands

28 are not directly connected to one another, but instead are indirectly connected by graft



member 24, to form stent-graft 20. When the stent-grafts are in their respective radially-

expanded states, as shown in Figs. 1A-B, stent members 22 are shaped so as to define

respective tubes, each of which is circumferentially-complete at at least one longitudinal

location therealong, such as along at least 2, at least 3, at least 4, at least 5, or at least 10

longitudinal locations therealong, or an entire length thereof. For some applications in

which structural stent elements 26 are arranged as circumferential bands 28, the number

of longitudinal locations therealong equals the number of bands 28, as shown in Figs. 1A-

B, 3A-B, and 4A-F. As used in the present application, including in the claims, a "tube"

is an elongated hollow object that defines a conduit therethrough. A "tube" 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 elliptical but not circular, or

circular.

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

members 22 comprise a superelastic metallic alloy, a shape memory metallic alloy, and/or

Nitinol.

Each of graft members 24 comprises one or more biologically-compatible

substantially blood-impervious flexible sheets, which are securely fixed to stent member

22, either outside or within the stent member, such as by stitching, and covers either an

external or an internal suiface of a portion of the stent member. 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 still made to Figs. 1A-B, and is additionally made to Fig. 2, which is

a schematic illustration of stent-graft system 10 viewed from distal end 14, in accordance

with an application of the present invention. Graft members 24 circumscribe respective

circumferential arcs 40 of respective stent members 22. Circumferential arcs 40 have

respective extents that are less than entire circumferences of respective stent members 22

at least partially along respective axial lengths of stent members 22, when stent-grafts 20

are in their respective radially-expanded states. In the configuration shown in Figs. 1A-B

and 2, graft member 24A circumscribes circumferential arc 40A of stent member 22A,

and graft member 24B circumscribes circumferential arc 40B of stent member 22B.

As shown in Figs. IB and 2, graft members 24 collectively cover (either inside



and/or outside) an entire circumference of body portion 16 along entire axial length L of

body portion 16, when (a) stent-grafts 20 are nested within one another along entire axial

length L of body portion 16, with predefined rotational and axial relationships

therebetween, and (b) stent-grafts 20 are in their respective radially-expanded states. As a

result, graft members 24 collectively define a fluid flow guide along entire axial length L

of body portion 6, in order to define a fluid flow path through the body portion.

Typically, graft members 24 are securely fixed to stent members 22, respectively,

such that the circumferential arc extents are less than the entire circumferences of the

respective stent members along at least 80% of the respective axial lengths of stent

members 22, such as along at least 90%, or the entire respective axial lengths, of the stent

members, when the stent-grafts are in their radially-expanded states. As a result, when

the graft members are radially-compressed for delivery, the crossing profiles of the graft

members are less than they would be if the graft members extended around the entire

circumferences of the stent members.

For some applications, such as in which stent-graft system 10 comprises exactly

two stent-grafts 20, circumferential arcs 40 have respective arc extents, at least one of

which is between Ι .ΐ π (pi) and 1.4π (pi) radians. Optionally, each (i.e., all) of the

respective arc extents is between Ι .ΐ π (pi) and 1.4π (pi) radians. For some applications,

such as in which stent-graft system 10 comprises exactly three stent-grafts 20,

circumferential arcs 40 have respective arc extents, at least one of which is between 0.75π

(pi) and Ι . ΐ π (pi) radians. Optionally, each (i.e., all) of the respective arc extents is

between 0.75π (pi) and Ι .ΐ π (pi) radians. For some applications, such as in which stent-

graft system 10 comprises exactly four stent-grafts 20, circumferential arcs 40 have

respective arc extents, at least one of which is between 0.6π (pi) and 0.75π (pi) radians.

Optionally, each (i.e., all) of the respective arc extents is between 0.6π (pi) and 0.75π (pi)

radians.

Typically, in order to provide good circumferential sealing between

circumferentially-adjacent stent-grafts 20, pairs of circumferentially-adjacent graft

members 22 have respective circumferential overlaps 42 having respective arc extents,

when (a) stent-grafts 20 are nested within one another along entire axial length L of body

portion 16, with the predefined rotational and axial relationships therebetween, and (b)

stent-grafts 20 are in their respective radially-expanded states. Typically, each of the arc

extents is at least 0.05π (pi) radians, such as at least Ο.ΐ π (pi) radians



For some applications, circumferential arcs 40 have respective arc extents, a sum

of which is greater than 2.2π (pi) radians, such as at least 2.6π (pi) radians, when (a) stent-

grafts 20 are nested within one another along entire axial length L of the body portion 16,

with the predefined rotational and axial relationships therebetween, and (b) stent-grafts 20

are in their respective radially-expanded states. Optionally, the sum is equal at least (a)

2π (pi) plus (b) a product of (i) a number of stent-grafts 20 and (ii) Ο.ΐ (pi) radians.

For some applications, such as shown in Figs. 1A-B and 2, circumferential arcs 40

have respective arc angular centers 50, which are positioned at respective substantially

constant circumferential locations along the entire axial length of body portion 16, when

(a) stent-grafts 20 are nested within one another along entire axial length L of body

portion 16, with the predefined rotational and axial relationships therebetween, and (b)

stent-grafts 20 are in their respective radially-expanded states. In other words, the

circumferential centers of graft members 24 do not vary along the length of the body

portion, for example, do not form a helical shape around the body portion.

Alternatively or additionally, for some applications, circumferential arcs 40 have

respective arc extents, which are generally constant along entire axial length L of the body

portion 16, when (a) stent-grafts 20 are nested within one another along entire axial length

L of body portion 16, with the predefined rotational and axial relationships therebetween,

and (b) stent-grafts 20 are in their respective radially-expanded states. Alternatively, the

arc extents vary along at least a portion (e.g., the entire) axial length L of body portion 16.

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

configuration of multi-component endovascular stent-graft system 10, in accordance with

an application of the present invention. Figs. 3A and 3B show the stent-graft system

disassembled and assembled, respectively. This configuration is generally similar to the

configuration described hereinabove with reference to Figs. 1A-B and 2, except as

follows. In this configuration, respective arc angular centers 50 of circumferential arcs 40

are positioned at respective circumferential locations that vary along at least a portion of

axial length L of body portion , when (a) stent-grafts 20 are nested within one another

along entire axial length L of body portion 6, with the predefined rotational and axial

relationships therebetween, and (b) stent-grafts 20 are in their respective radially-

expanded states. For example, as shown in Figs. 3A-B, arc angular centers 50 may form a

helical shape around body portion 16 (a c angular center 50A of circumferential arc 40A

of stent member 22 is labeled in Fig. 3B). Optionally, the respective circumferential



locations vary along the entire axial length of body portion 16.

Alternatively or additionally, for some applications, circumferential arcs 40 have

respective arc extents, which are generally constant along entire axial length L of the body

portion 16, when (a) stent-grafts 20 are nested within one another along entire axial length

L of body portion 16, with the predefined rotational and axial relationships therebetween,

and (b) stent-grafts 20 are in their respective radially-expanded states. Alternatively, the

arc extents vary along at least a portion (e.g., the entire) axial length L of body portion 16.

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

exemplary method of deploying multi-component endovascular stent-graft system 10 in

the vicinity of an supra-renal abdominal aortic aneurysm 60 of an abdominal aorta 62,

using an endovascular stent-graft delivery tool 70, in accordance with an application of

the present invention. As shown in Fig. 4A, delivery tool 70 typically comprises a

delivery catheter 72, a distal tip 74, and a guidewire 76. During an implementation

procedure, a first one of stent-grafts 20 (e.g., stent-graft 20A) is transvascularly (typically

percutaneously) introduced into aorta 62 via one of the iliac arteries, while stent-graft 20A

is positioned in delivery catheter 72, restrained in its radially-compressed state by the

catheter. In this exemplary deployment, delivery catheter 72 and distal tip 74 are

advanced over guidewire 76 until the distal tip is positioned slightly below aortic arch 82,

and the lower end of the stent-graft is positioned above renal arteries 80.

Fig. 4A shows stent-graft 20A in an early stage of release from delivery catheter

72, and Fig. 4B shows stent-graft 20A in its fully deployed, radially-expanded state, after

delivery catheter 72 has been withdrawn.

As shown in Fig. 4C, a second one of stent-grafts 20 (e.g., stent-graft 20B) is

positioned in a delivery catheter (either the same delivery catheter 72 used to deploy the

first stent-graft, or an additional delivery catheter), restrained in the stent-graft's radially-

compressed state by the catheter. Delivery catheter 72, distal tip 74, and guidewire 76 are

advanced through the previously-deployed first stent-graft (stent-graft 20A), until stent-

graft 20B is positioned at least partially (e.g., entirely) within stent-graft 20A, generally

axially aligned with stent-graft 20A.

Before it is deployed from delivery catheter 72, stent-graft 20B is properly

rotationally aligned with previously-deployed stent-graft 20A, such that graft members

24A and 24B (and the other remaining stent-grafts 20, if any, as described below) will



together form a circumferentially-complete fluid flow guide upon full deployment of

stent-graft 20B (and the other remaining stent-grafts 20, if any, as described below). Fig.

4D shows stent-graft 20B in an early stage of release from delivery catheter 72.

Fig. 4E shows stent-graft 20B in its fully deployed radially-expanded state, after

the catheter has been withdrawn from the stent-graft. As can be seen, stent-graft 20B is

nested within stent-graft 20A, and stent-graft system 10 has been assembled in situ to

form a circumferentially complete fluid flow guide comprising first and second stent-

grafts 20A and 20B. Fig. 4F shows the stent-graft system 10 fully implanted upon the

withdrawal of delivery tool 70 and completion of the implantation procedure.

For configurations in which stent-graft system comprises more than two stent-

grafts 20, the procedure described above for deploying stent-grafts 20A and 20B is

repeated for the additional stent-grafts, until the stent-grafts are all deployed to together

form stent-graft system 10. Each of the subsequently-deployed stent-grafts is positioned

at least partially within all of the already-deployed stent-grafts.

Reference is again made to Fig. 1. For some applications, each of stent-grafts 20

further comprises one or more radiopaque markers 90. The radiopaque markers may help

the surgeon properly axially and/or rotationally align the stent-grafts with one another,

such as described hereinabove with reference to Fig. 4D. For some applications, the

radiopaque markers are disposed near edges of the graft members.

Reference is made to Fig. 5, which is a schematic illustration of another

configuration of stent-graft system 10, in accordance with an application of the present

invention. In this configuration, stent-graft system 10 is shaped so as to define a side-

facing fenestration 92, when (a) stent-grafts 20 are nested within one another along entire

axial length L of body portion 16, with the predefined rotational and axial relationships

therebetween, and (b) stent-grafts 20 are in their respective radially-expanded states. For

some applications, the side-facing fenestration is generally elliptical, such as generally

circular. For some applications, a perimeter of the fenestration is between 10% and 50%

of a perimeter of stent-graft system 10 adjacent the fenestration. This fenestrated

configuration may be used in combination with any of the configurations described

herein.

Reference is made to Fig. 6, which is a schematic illustration of yet another

configuration of stent-graft system 10, in accordance with an application of the present



invention. This configuration may be used in combination with any of the configurations

described herein. In this configuration, stent-graft system 10 further comprises a plurality

of outwardly protruding fixation elements 94. For example, fixation elements 94 may be

positioned at proximal end 12 of stent-graft system 10, as shown; alternatively or

additionally, fixation elements 94 may be positioned at distal end 14 of stent-graft system

10 (not shown). For some applications, fixation elements 94 comprise barbs 96. It is

noted that, by way of example, fixation elements 94 shown in Fig. 6 are positioned

proximally beyond body portion 1 , and thus are not included in axial length L; thus, in

this configuration, body portion 16 extends along only part of the length of stent-graft

system 10. For some applications, all of stent-grafts 20 comprise the fixation elements,

while for other applications, only a portion of the stent-grafts, such as exactly one of the

stent-grafts, comprise the fixation elements. For some applications, fixation elements

(e.g., barbs) are configured as shown in Figs. 1, 2, 3, 5A-B, 7A, 7B, 7C, 9A-D, 10A, 10B,

13, 15A-C, 16, 17, 18, 19, 20, and/or 20A-B of the above-mentioned '208 publication,

mutatis mutandis.

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

graft system comprising additional stent-grafts, for example as described with reference to

Figs. 4E and/or 2IB 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-graft system 10 defines a single lumen, while for other applications, the

stent-graft 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.

Although the endovascular stent-graft system is generally described herein as

being deployed via an iliac artery and the aorto-iliac bifurcation, for some applications,

the prostheses are instead deployed via a subclavian artery. Furthermore, although the

endovascular stent-graft system is generally described herein as being deployed in the

aorta, the system may also be deployed 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 60/991,726, filed December 2, 2007

• US Provisional Application 1/2 19,758, filed June 23, 2009

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

• PCT Application PCT/IB2010/052861, filed June 23, 2010, which published as

PCT Publication WO 2010/150208

• PCT Application PCT/JJL2010/000564, 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/IL20 10/000999, filed November 30, 20 0, 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/IL201 1/000135, filed February 8, 201 1, which published as

PCT Publication WO 2011/095979

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

Patent Application Publication 201 1/0208289

• US Provisional Application 6 1/496,6 1 , filed June 14, 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

foregoing description.



CLAIMS

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

has proximal and distal ends, and a body portion disposed along at least a part of the stent-

graft system longitudinally between the proximal and distal ends, which body portion has

an axial length and comprises a plurality of stent-grafts, which (a) are configured to

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

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

respective stent members, which are shaped, when the stent-grafts

are in their respective radially-expanded states, so as to define respective

tubes, each of which is circumferentially-complete at at least one

longitudinal location therealong; and

respective graft members, which respectively comprise one or

more biologically-compatible substantially blood-impervious flexible

sheets, and which are securely fixed to the stent members, respectively,

such that the graft members circumscribe respective circumferential arcs

of the respective stent members, which circumferential arcs have

respective extents that are less than entire circumferences of the respective

stent members at least partially along respective axial lengths of the stent

members, when the stent-grafts are in their respective radially-expanded

states,

wherein the graft members collectively cover an entire circumference of the body

portion along the entire axial length of the body portion, when (a) the stent-grafts are

nested within one another along the entire axial length of the body portion, with

predefined rotational and axial relationships therebetween, and ( ) the stent-grafts are in

their respective radially-expanded states.

2. The apparatus according to claim 1, wherein the graft members are securely fixed

to the stent members, respectively, such that the circumferential arc extents are less than

the entire circumferences of the respective stent members along at least 80% of the

respective axial lengths of the stent members, when the stent-grafts are in their radially-

expanded states.

3. The apparatus according to claim 2, wherein the graft members are securely fixed

to the stent members, respectively, such that the circumferential arc extents are less than



the entire circumferences of the respective stent members along the entire respective axial

lengths of the stent members, when the stent-grafts are in their radially-expanded states.

4. The apparatus according to claim 1, wherein the circumferential arcs have

respective arc extents, at least one of which is between Ι .ΐ π (pi) and 1.4π (pi) radians.

5. The apparatus according to claim 4, wherein each of the respective arc extents is

between Ι .ΐ π (pi) and 1.4π (pi) radians.

6. The apparatus according to claim 4, wherein the stent-graft system comprises

exactly two stent-grafts.

7. The apparatus according to claim 1, wherein the circumferential arcs have

respective arc extents, at least one of which is between 0.15% (pi) and 1 n (pi) radians.

8. The apparatus according to claim 7, wherein each of the respective arc extents is

between 0.75π (pi) and Ι . ΐ π (pi) radians.

9. The apparatus according to claim 7, wherein the stent-graft system comprises

exactly three stent-grafts.

10. The apparatus according to claim 1, wherein the circumferential arcs have

respective arc extents, at least one of which is between 0.6π (pi) and 0.75 (pi) radians.

1. The apparatus according to claim 10, wherein each of the respective arc extents is

between 0.6π (pi) and 0.75π (pi) radians.

12. The apparatus according to claim 10, wherein the stent-graft system comprises

exactly four stent-grafts.

13. The apparatus according to claim 1, wherein pairs of circumferentially-adjacent

graft members have respective circumferential overlaps having respective arc extents,

each of which is at least 0.05π (pi) radians, when (a) the stent-grafts are nested within one

another along the entire axial length of the body portion, with the predefined rotational

and axial relationships therebetween, and (b) the stent-grafts are in their respective

radially-expanded states.

14. The apparatus according to claim 13, wherein each of the overlaps is at least Ο. π

(pi) radians.

15. The apparatus according to claim 13, wherein the circumferential arcs have

respective arc extents, a sum of which is greater than 2.2π (pi) radians, when (a) the stent-



grafts are nested within one another along the entire axial length of the body portion, with

the predefined rotational and axial relationships therebetween, and (b) the stent-grafts are

in their respective radially-expanded states.

16. The apparatus according to claim 15, wherein the sum is equal to at least 2.6π (pi)

radians.

17. The apparatus according to claim 15, wherein the sum is equal at least (a) 2π (pi)

plus (b) a product of (i) a number of the stent-grafts and (ii) Ο.ΐ π (pi) radians.

18. The apparatus according to any one of claims 1-17, wherein the circumferential

arcs have respective arc angular centers, which are positioned at respective substantially

constant circumferential locations along the entire axial length of the body portion, when

(a) the stent-grafts are nested within one another along the entire axial length of the body

portion, with the predefined rotational and axial relationships therebetween, and (b) the

stent-grafts are in their respective radially-expanded states.

19. The apparatus according to any one of claims 1-17, wherein the circumferential

arcs have respective arc angular centers, which are positioned at respective

circumferential locations that vary along at least a portion of the axial length of the body

portion, when (a) the stent-grafts are nested within one another along the entire axial

length of the body portion, with the predefined rotational and axial relationships

therebetween, and (b) the stent-grafts are in their respective radially-expanded states.

20. The apparatus according to claim 19, wherein the respective circumferential

locations vary along the entire axial length of the body portion when (a) the stent-grafts

are nested within one another along the entire axial length of the body portion, with the

predefined rotational and axial relationships therebetween, and (b) the stent-grafts are in

their respective radially-expanded states.

21. The apparatus according to claim 19, wherein the circumferential arcs have

respective arc extents, which are generally constant along the entire axial length of the

body portion, when (a) the stent-grafts are nested within one another along the entire axial

length of the body portion, with the predefined rotational and axial relationships

therebetween, and (b) the stent-grafts are in their respective radially-expanded states.

22. The apparatus according to any one of claims 1-17, wherein the circumferential

arcs have respective arc extents, which vary along the entire axial length of the body

portion, when (a) the stent-grafts are nested within one another along the entire axial



length of the body portion, with the predefined rotational and axial relationships

therebetween, and (b) the stent-grafts are in their respective radially-expanded states.

23. The apparatus according to any one of claims 1-17, wherein the stent-graft system

is shaped so as to define a side-facing fenestration, when (a) the stent-grafts are nested

within one another along the entire axial length of the body portion, with the predefined

rotational and axial relationships therebetween, and (b) the stent-grafts are in their

respective radially-expanded states.

24. The apparatus according to claim 23, wherein the side-facing fenestration is

generally circular.

25. The apparatus according to claim 24, wherein a perimeter of the fenestration is

between 10% and 50% of a perimeter of the stent -graft system adjacent the fenestration.

26. The apparatus according to any one of claims 1-17, wherein the body portion is

disposed along only part of the stent-graft system.

27. The apparatus according to any one of claims 1-17, wherein the stent members are

self-expanding.

28. The apparatus according to any one of claims 1-17, wherein the stent members

comprise a superelastic metallic alloy.

29. The apparatus according to any one of claims 1-17, wherein the stent members

comprise a shape memory metallic alloy.

30. The apparatus according to claim 29, wherein the stent members comprise Nitinol.

31. The apparatus according to any one of claims 1-17, wherein the stent-graft system

further comprises a plurality of outwardly protruding fixation elements.

32. The apparatus according to claim 31, wherein the fixation elements are positioned

at the proximal end of the stent-graft system.

33. The apparatus according to claim 31, wherein the fixation elements comprise

barbs.

34. The apparatus according to any one of claims 1-17, wherein each of the stent-

grafts further comprises one or more radiopaque markers.

35. The apparatus according to any one of claims 1-17, wherein each of the tubes

respectively defined by the stent members is circumferenti ally-complete along at least



three longitudinal locations thereof.

36. The apparatus according to any one of claims 1-17, further comprising a plurality

of delivery catheters, in which the stent-grafts are respectively initially positioned in their

radially-compressed states.

37. A method comprising:

(i) providing a multi-component endovascular stent-graft system, which has

proximal and distal ends, and a body portion disposed along at least a part of the stent-

graft system longitudinally between the proximal and distal ends, which body portion has

an axial length and comprises a plurality of stent-grafts, which (a) are configured to

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

radially-expanded states for intraluminal fixation, and (b) include (x) respective stent

members, which are shaped, when the stent-grafts are in their respective radially-

expanded states, so as to define respective tubes, each of which is circumferentially-

complete at at least one longitudinal location therealong, and (y) respective graft

members, which respectively comprise one or more biologically-compatible substantially

blood-impervious flexible sheets, and which are securely fixed to the stent members,

respectively, such that the graft members circumscribe respective circumferential arcs of

the respective stent members, which circumferential arcs have respective extents that are

less than entire circumferences of the respective stent members at least partially along

respective axial lengths of the stent members, when the stent-grafts are in their respective

radially-expanded states;

(ii) transvascularly introducing a first one of the stent-grafts into a blood vessel

of a human subject, while the stent-graft is restrained in its radially-compressed state;

(iii) thereafter, deploying the first stent-graft in the blood vessel so that the first

stent-graft assumes its radially-expanded state;

(iv) thereafter, introducing another one of the stent-grafts into the blood vessel

and at least partially into the first stent-graft and any of the other stent-grafts already

deployed, while the another stent-graft is restrained in its radially-compressed state;

(v) thereafter, axially and rotationally orienting the another stent-graft with the

first stent-graft and any of the other stent-grafts already deployed, and deploying the

another stent-graft in the blood vessel so that the another stent-graft assumes its radially-

expanded state; and

(vi) thereafter, repeating steps (iv) and (v) until all of the stent-grafts have been



deployed in the blood vessel,

wherein deploying the stent-grafts comprises deploying the stent-grafts such that

the graft members collectively cover an entire circumference of the body portion along

the entire axial length of the body portion.

38. The method according to claim 37, wherein deploying the stent-grafts comprises

deploying the stent-grafts such that pairs of circumferentially-adjacent graft members

have respective circumferential overlaps having respective arc extents, each of which is at

least 0.05π (pi) radians

39. The method according to claim 38, wherein each of the overlaps is at least Ο. ΐ π

(pi) radians.

40. The method according to claim 37, wherein providing the stent-graft system

comprises providing the stent-graft system in which each of the tubes respectively defined

by the stent members is circumferentially-complete along at least three longitudinal

locations thereof.

41. The method according to claim 37, wherein the blood vessel is an aorta, and

wherein deploying the stent-grafts comprises deploying the stent-grafts in the aorta.

42. The method according to claim 41, further comprising identifying the subject as

suffering from an aortic aneurysm, and wherein deploying the stent-grafts comprises

deploying the stent-grafts responsively to the identifying.



























INTERNATIONALSEARCH REPORT International application No.

PCT/IL2012/000241

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61 F 2/06 (201 2.01 )
USPC - 623/1 .13

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61F 2/00, 2/02, 2/06, 2/82 (2012.01 )
USPC - 604/all subclasses limited; 606/all subclasses limited; 623/1 . 11, 1/1 1. 1/12, 1. 13, 1.14, 1.15, 1.16, 1.17, 1.18, 1.2, 1.21 , 1.22,
1.23, 1.3, 921

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent, Google Patents, Google Scholar, ProQuest

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2010/021 1159 A 1 (SCHMID et al) 19 August 2010 (19.08.2010) entire document 1-42

US 2010/0063575 A 1 (SHALEV et al) 11 March 2010 (1 1.03.2010) entire document 1-42

US 5,607,445 A (SUMMERS) 04 March 1997 (04.03.1997) entire document 1-42

US 6,312,458 B1 (GOLDS) 06 November 2001 (06.1 1.2001 ) entire document 1-42

US 7,887,575 B2 (KUJAWSKI) 15 February 201 1 ( 15.02.201 1) entire document 1-42

I Further documents are listed in the continuation of Box C. | |

Special categories o f cited documents: " ' later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

earlier application or patent but published on or after the international "X" document o f particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document o f particular relevance; the claimed invention cannot bespecial reason (as specified) considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date o f the actual completion of the international search Date o f mailing o f the international search report

19 September 2012 0 1 OCT Q

Name and mailing address o f the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PCTOSP: 571-272-7774

Form PCT SA 2 10 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

