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ENDOVASCULAR STENT-GRAFT SYSTEM WITH FENESTRATED AND

CROSSING STENT-GRAFTS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present patent application claims priority from US Provisional Application

61/267,453, filed December 8, 2009, entitled, "Endovascular stent graft for treating an

aneurysm in a major artery in the vicinity of at least a first and a second branching

vessels," which 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.

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

Publication 2010/0063575 to Shalev et al. in the US national stage thereof, which are

incorporated herein by reference, describe a multiple-component expandable endoluminal

system for treating a lesion at a bifurcation, including a self expandable tubular root

member having a side-looking engagement aperture, and a self expandable tubular trunk

member comprising a substantially blood impervious polymeric liner secured therealong.

Both have a radially-compressed state adapted for percutaneous intraluminal delivery and

a radially-expanded state adapted for endoluminal support.



The following references may be of interest:

US Patent 4,938,740

US Patent 5,824,040 to Cox et al.

US Patent 7,044,962 to Elliott

US Patent Application Publication 2006/0229709 to Morris et al.

US Patent Application Publication 2006/0241740 to Vardi et al.

US Patent Application Publication 2008/0109066 to Quinn

SUMMARY OF APPLICATIONS

Some applications of the present invention provide a multi-component stent-graft

system comprising a fenestrated stent-graft and a crossing stent-graft. A central portion of

the fenestrated stent-graft is shaped so as to define first and second lateral apertures that

face in generally radially opposing directions. A central portion of the crossing stent-graft

is at least partially not covered by covering elements of the crossing stent-graft, so as to

allow blood flow through the central portion. When the multi-component stent-graft

system is assembled, the crossing stent-graft passes through the apertures and the central

portion of the fenestrated stent-graft, so as to form blood-impervious seals with the

apertures, and allow blood flow through and between the fenestrated and crossing stent-

grafts.

For some applications, the fenestrated stent-graft is deployed such that first and

second end portions thereof are at least partially positioned in respective first and second

branching blood vessels of a main blood vessel of a patient, and the central portion of the

stent-graft is positioned in the main blood vessel. After the fenestrated stent-graft

assumes a radially-expanded state, the crossing stent-graft is introduced into the main

blood vessel, and, while in a radially-compressed state, is passed through the second and

the first apertures, such that the central portion of the crossing stent-graft is within the

central portion of the fenestrated stent-graft, and the first and the second end portions of

the crossing stent-graft pass through the first and the second apertures, respectively.

The crossing stent-graft is transitioned to its radially-expanded state, such that first

and second end portions thereof form blood-impervious seals with the first and the second

apertures, respectively. As a result, interior spaces defined by all of the following are in



fluid communication with one another: the first and the second end portions and the

central portion of the fenestrated stent-graft, and the first and the second end portions and

the central portion of the crossing stent-graft.

For some applications, the main blood vessel is a descending abdominal aorta, and

the branching blood vessels are the left and right renal arteries. For some applications, the

stent-graft system is used for treating an abdominal aortic aneurysm, such as a sub-renal

aortic aneurysm.

For applications in which the ends of the fenestrated stent-graft are positioned in

the left and right renal arteries, the fenestrated stent-graft is typically deployed prior to

introducing the crossing stent-graft. There is thus no need to position the fenestrated

stent-graft with respect to the crossing stent-graft while deploying the fenestrated stent-

graft. Therefore, the ends of the fenestrated stent-graft are readily positioned properly in

the renal arteries, even though the renal arteries generally branch from the aorta at

different respective axial positions along the aorta. The crossing stent-graft is also readily

passed through the apertures of the fenestrated stent-graft. In contrast, when deploying

some aortic stent-grafts that comprise branching tubular structures, it is sometimes

difficult to insert these tubular structures into the renal arteries, particularly since the renal

arteries having differing axial positions in different patients. In addition, it could be

necessary to use a plurality of guidewires, which would increase the crossing profile of

the deployment tool.

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

invention, apparatus including an endovascular stent-graft system, which includes:

a fenestrated stent-graft, which includes first and second end portions and a central

portion disposed longitudinally therebetween, and which includes a fenestrated support

structure and a fenestrated covering element, which is securely attached to and covers at

least a portion of the fenestrated support structure, wherein the fenestrated support

structure and the fenestrated covering element are shaped so as to together define first and

second lateral apertures in the central portion, which apertures face in generally radially

opposing directions, when the fenestrated stent-graft is in a radially-expanded state

thereof; and

a crossing stent-graft, which includes first and second end portions and a central

portion disposed longitudinally therebetween, and which includes a crossing support



structure and one or more crossing covering elements, which are securely attached to and

at least partially cover the first and the second end portions, such that the central portion is

at least partially uncovered when the crossing stent-graft is in a radially-expanded state

thereof,

wherein the fenestrated and the crossing stent-grafts are sized and shaped such

that, when the crossing stent-graft is disposed through the first and the second apertures

such that the central portion of the crossing stent-graft is within the central portion of the

fenestrated stent-graft, the first and the second end portions of the crossing stent-graft (a)

pass through the first and the second apertures, respectively, and (b) when the fenestrated

and the crossing stent-grafts are in their radially-expanded states, form blood-impervious

seals with the first and the second apertures, respectively, such that interior spaces defined

by all of the following are in fluid communication with one another: the first and the

second end portions and the central portion of the fenestrated stent-graft, and the first and

the second end portions and the central portion of the crossing stent-graft.

For some applications, the central portion of crossing stent-graft is generally sized

to fit a perimeter of each of the apertures, when the stent-grafts are unconstrained in their

radially-expanded states.

For some applications, the one or more crossing covering elements include first

and second covering elements, which are securely attached to and at least partially cover

the first and the second end portions of the crossing stent-graft, respectively.

For some applications, when the crossing stent-graft is unconstrained in its

radially-expanded state: one end of the first covering element defines a generally elliptical

circumferential junction between the first end portion and the central portion of the

crossing stent-graft, one end of the second covering element defines a generally elliptical

circumferential junction between the second end portion and the central portion of the

crossing stent-graft, and the central portion of the crossing stent-graft is entirely

uncovered. For some applications, a perimeter of the central portion of the crossing stent-

graft varies by less than 30% therealong, when the crossing stent-graft is unconstrained in

its radially-expanded state. For some applications, a longitudinal length of the central

portion of the crossing stent-graft is between 25% and 120% of a distance between the

apertures, when the crossing stent-graft is unconstrained in its radially-expanded state.

For some applications, the central portion of the fenestrated stent-graft is generally



fusiform, when the fenestrated stent-graft is unconstrained in its radially-expanded state.

For some applications, the fenestrated stent-graft is generally fusiform, when the

fenestrated stent-graft is unconstrained in its radially-expanded state.

For some applications, a perimeter of the central portion of the crossing stent-graft

varies by less than 50% therealong, when the crossing stent-graft is unconstrained in its

radially-expanded state.

For some applications, one or both of the apertures are generally elliptical, when

the fenestrated stent-graft is unconstrained in its radially-expanded state.

For some applications, respective centers of the apertures are positioned less than

a distance from a longitudinal midpoint of the fenestrated stent-graft, which distance is

measured along a longitudinal axis of the fenestrated stent-graft and equals 40% of a

longitudinal length of the fenestrated stent-graft, when the fenestrated stent-graft is

unconstrained in its radially-expanded state.

For some applications, the first and the second end portions of the fenestrated

stent-graft have respective ends that coincide with respective ends of the fenestrated stent-

graft, and each of the ends of the first and the second end portions has a perimeter of

between 10 and 100 mm, when the fenestrated stent-graft is unconstrained in its radially-

expanded state.

For some applications, a greatest perimeter of the central portion of the fenestrated

stent-graft is between 6 and 16 cm, when the fenestrated stent-graft is unconstrained in its

radially-expanded state.

For some applications, the first and the second end portions of the crossing stent-

graft have respective medial ends, at which the first and the second end portions are

joined to the central portion of the crossing stent-graft, respectively, and at least one of the

first and the second end portions of the crossing stent-graft is outwardly flared toward the

central portion of the crossing stent-graft, when the crossing stent-graft is in its radially-

expanded state.

For some applications, the first and the second end portions of the fenestrated

stent-graft have respective ends that coincide with respective ends of the fenestrated stent-

graft, and a ratio of (a) a greatest perimeter of the central portion of the fenestrated stent-

graft to (b) a perimeter of each of the ends of the first and the second end portions of the



fenestrated stent-graft is between 4 and 15, when the fenestrated stent-graft is

unconstrained in its radially-expanded state.

For some applications, a perimeter of the first end portion of the crossing stent-

graft varies by less than 20% along a length thereof, when the crossing stent is

unconstrained in its radially-expanded state. For some applications, a perimeter of the

second end portion of the crossing stent-graft varies by less than 20% along a length

thereof, when the crossing stent-graft is unconstrained in its radially-expanded state.

For some applications, the fenestrated covering element does not extend to at least

one end of the fenestrated stent-graft, such that the fenestrated support structure is not

covered near the end. For some applications, the one or more crossing covering elements

do not extend to at least one end of the crossing stent-graft, such that the crossing support

structure is not covered near the end.

For some applications, an average perimeter of the central portion of the crossing

stent-graft (a) is less than an average perimeter of the first end portion of the crossing

stent-graft and (b) is less than an average perimeter of the second end portion of the

crossing stent-graft, when the crossing stent-graft is unconstrained in its radially-

expanded state.

For some applications, a greatest perimeter of at least one of the first end portion

and the second end portion of the crossing stent-graft is between 6 and 13 cm, when the

crossing stent-graft is unconstrained in its radially-expanded state. For some applications,

a greatest perimeter of the central portion of the crossing stent-graft is between 1.5 and 10

cm, when the crossing stent-graft is unconstrained in its radially-expanded state.

For any of the applications described above, each of the crossing support structure

and the fenestrated support structure may include a metal. For some applications, the

metal is selected from the group consisting of: a super-elastic metal, and a shape memory

alloy. For some applications, the metal includes Nitinol.

For any of the applications described above, the fenestrated and the crossing stent-

grafts may be self-expanding.

For any of the applications described above, the crossing stent-graft, when in its

radially-expanded state, may have an hour-glass shape, and the central portion of the

crossing stent-graft may be shaped so as to define a stricture in the hour-glass shape.



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

configured to be implanted in a main blood vessel having an aneurysm, and the first and

the second end portions of the fenestrated stent-graft may be configured to be implanted at

least partially in respective branching blood vessels of the main blood vessel, such that the

central portion of the fenestrated stent-graft is positioned in the main blood vessel.

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

configured to be implanted in a main blood vessel having an aneurysm, and the first and

the second end portions of the crossing stent-graft may be configured to be implanted at

least partially in respective branching blood vessels of the main blood vessel, such that the

central portion of the crossing stent-graft is positioned in the main blood vessel.

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

a first delivery shaft, and the fenestrated stent-graft is initially placed in the first

delivery shaft in a radially-compressed state of the fenestrated stent-graft, and the

fenestrated stent-graft is configured to transition to its radially-expanded state upon being

deployed from the first delivery shaft; and

a second delivery shaft, and the crossing stent-graft is initially placed in the second

delivery shaft in a radially-compressed state of the crossing stent-graft, and the crossing

stent-graft is configured to transition to its radially-expanded state upon being deployed

from the second delivery shaft.

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

invention, a method for treating a patient, the method including:

providing (a) a fenestrated stent-graft, which includes first and second end

portions and a central portion disposed longitudinally therebetween, which central portion

is shaped so as to define first and second lateral apertures that face in generally radially

opposing directions, when the fenestrated stent-graft is in a radially-expanded state

thereof, and (b) a crossing stent-graft, which includes first and second end portions and a

central portion disposed longitudinally therebetween, and which includes a crossing

support structure and one or more crossing covering elements, which are securely

attached to and at least partially cover the first and the second end portions, such that the

central portion is at least partially uncovered when the crossing stent-graft is in a radially-

expanded state thereof;

deploying the fenestrated stent-graft such that the first and the second end portions



thereof are at least partially positioned in respective first and second branching blood

vessels of a main blood vessel of the patient, the central portion of the fenestrated stent-

graft is positioned in the main blood vessel, and the fenestrated stent-graft is in its

radially-expanded state;

thereafter, introducing the crossing stent-graft into the main blood vessel, and

passing the crossing stent-graft, while in a radially-compressed state thereof, through the

second and the first apertures, such that the central portion of the crossing stent-graft is

within the central portion of the fenestrated stent-graft, and the first and the second end

portions of the crossing stent-graft pass through the first and the second apertures,

respectively; and

transitioning the crossing stent-graft to its radially-expanded state, such that the

first and the second end portions of the crossing stent-graft form blood-impervious seals

with the first and the second apertures, respectively, such that interior spaces defined by

all of the following are in fluid communication with one another: the first and the second

end portions and the central portion of the fenestrated stent-graft, and the first and the

second end portions and the central portion of the crossing stent-graft.

For some applications, deploying the fenestrated stent-graft includes

laparoscopically introducing the fenestrated stent-graft into the first branching blood

vessel, and advancing the fenestrated stent-graft across the main blood vessel to the

second branching blood vessel. Alternatively or additionally, for some applications,

introducing the crossing stent-graft includes endovascularly introducing the crossing

stent-graft into the main blood vessel.

For some applications, the method further includes identifying that the patient

suffers from an aneurysm of the main blood vessel, and introducing the crossing stent-

graft includes introducing the crossing stent-graft responsively to the identifying.

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

fenestrated stent-graft in which the central portion thereof is generally fusiform, when the

fenestrated stent-graft is unconstrained in its radially-expanded state. For some

applications, providing the fenestrated stent-graft includes providing the fenestrated stent-

graft which is generally fusiform, when the fenestrated stent-graft is unconstrained in its

radially-expanded state.

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



invention, a method for treating a patient, the method including:

providing (a) a fenestrated stent-graft, which includes first and second end

portions and a central portion disposed longitudinally therebetween, which central portion

is shaped so as to define first and second lateral apertures that face in generally radially

opposing directions, when the fenestrated stent-graft is in a radially-expanded state

thereof, and (b) a crossing stent-graft, which includes first and second end portions and a

central portion disposed longitudinally therebetween, and which includes a crossing

support structure and one or more crossing covering elements, which are securely

attached to and at least partially cover the first and the second end portions, such that the

central portion is at least partially uncovered when the crossing stent-graft is in a radially-

expanded state thereof;

deploying the fenestrated stent-graft in a main blood vessel of the patient such that

the first and the second apertures generally face first and second branching blood vessels

of the main blood vessel, and the fenestrated stent-graft is in its radially-expanded state;

thereafter, introducing the crossing stent-graft into the first branching blood vessel,

and passing the crossing stent-graft, while in a radially-compressed state thereof, through

the first and the second apertures, and into the second branching blood vessel, such that

the central portion of the crossing stent-graft is within the central portion of the

fenestrated stent-graft, and the first and the second end portions of the crossing stent-graft

pass through the first and the second apertures, respectively; and

transitioning the crossing stent-graft to its radially-expanded state, such that the

first and the second end portions of the crossing stent-graft form blood-impervious seals

with the first and the second apertures, respectively, such that interior spaces defined by

all of the following are in fluid communication with one another: the first and the second

end portions and the central portion of the fenestrated stent-graft, and the first and the

second end portions and the central portion of the crossing stent-graft.

For some applications, deploying the fenestrated stent-graft includes

endovascularly introducing the crossing stent-graft into the main blood vessel.

Alternatively or additionally, for some applications, introducing the crossing stent-graft

includes laparoscopically introducing the crossing stent-graft into the first branching

blood vessel, and advancing the crossing stent-graft across the main blood vessel to the

second branching blood vessel.

For some applications, the method further includes identifying that the patient



suffers from an aneurysm of the main blood vessel, and deploying the fenestrated stent-

graft includes deploying the fenestrated stent-graft responsively to the identifying.

For some applications of either of the methods described above, the main blood

vessel is an artery, such as a descending abdominal aorta. For some applications, one of

the first and the second branching blood vessels is a left renal artery, and another of the

first and the second branching blood vessels is a right renal artery.

For some applications of either of the methods described above:

deploying the fenestrated stent-graft includes introducing the fenestrated stent-

graft while placed in a first delivery shaft in a radially-compressed state of the fenestrated

stent-graft, and transitioning the fenestrated stent-graft to its radially-expanded state upon

deploying the fenestrated stent-graft from the first delivery shaft, and

introducing the crossing stent-graft includes introducing the crossing stent-graft

while placed in a second delivery shaft in a radially-compressed state of the crossing

stent-graft, and transitioning the crossing stent-graft includes transitioning the crossing

stent-graft to its radially-expanded state upon deploying the crossing stent-graft from the

second delivery shaft.

For some applications of either of the methods described above, providing the

crossing stent-graft includes providing the crossing stent-graft in which the central portion

thereof is generally sized to fit a perimeter of each of the apertures, when the stent-grafts

are unconstrained in their radially-expanded states.

For some applications of either of the methods described above, providing the

crossing stent-graft includes providing the crossing stent-graft in which the one or more

crossing covering elements include first and second covering elements, which are securely

attached to and at least partially cover the first and the second end portions of the crossing

stent-graft, respectively. For some applications, providing the crossing stent-graft

includes providing the crossing stent-graft in which, when the crossing stent-graft is

unconstrained in its radially-expanded state: one end of the first covering element defines

a generally elliptical circumferential junction between the first end portion and the central

portion of the crossing stent-graft, one end of the second covering element defines a

generally elliptical circumferential junction between the second end portion and the

central portion of the crossing stent-graft, and the central portion of the crossing stent-

graft is entirely uncovered. For some applications, providing the crossing stent-graft



includes providing the crossing stent-graft in which a perimeter of the central portion of

the crossing stent-graft varies by less than 30% therealong, when the crossing stent-graft

is unconstrained in its radially-expanded state.

For some applications of either of the methods described above, providing the

fenestrated stent-graft includes providing the fenestrated stent-graft in which one or both

of the apertures are generally elliptical, when the fenestrated stent-graft is unconstrained

in its radially-expanded state.

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. 1 and 2A-B are schematic illustrations of a multi-component stent-graft

system in disassembled and assembled states, respectively, in accordance with an

application of the present invention;

Figs. 3A-H are schematic illustrations of an exemplary transluminal delivery

procedure for implanting the multi-component stent-graft system of Figs. 1 and 2A-B, in

accordance with an application of the present invention;

Fig. 4 is a schematic illustration of another deployment of the multi-component

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

invention; and

Fig. 5 is a schematic illustration of an alternative configuration of a crossing stent-

graft of the multi-component stent-graft system of Figs. 1 and 2A-B and/or Fig. 4, in

accordance with an application of the present invention.

DETAILED DESCRIPTION OF APPLICATIONS

Figs. 1 and 2A-B are schematic illustrations of a multi-component stent-graft

system 10 in disassembled and assembled states, respectively, in accordance with an

application of the present invention. Multi-component stent-graft system 10 comprises a

fenestrated stent-graft 20 and a crossing stent-graft 22. The stent-grafts are configured to

assume radially-compressed states, such as when initially positioned in one or more

delivery shafts of one or more delivery tools, such as described hereinbelow with

reference to Figs. 3B and 3F, and to assume radially-expanded states upon being deployed



from the delivery shafts, such as described hereinbelow with reference to Figs. 3C-D and

3G-H. For some applications, the stent-grafts are relaxed in their radially-expanded

states. For some applications, the stent-grafts are configured to be self-expanding. For

example, they may be heat-set to assume the radially-expanded states.

Fig. 1 shows stent-graft system 10 in a disassembled state, with both stent-grafts in

their radially-expanded states. Figs. 2A-B shows the stent-graft system in an assembled

state, with both stent-grafts in their radially-expanded states. When the stent-graft is

assembled, crossing stent-graft 22 passes through fenestrated stent-graft 20, and is

coupled thereto so as to form blood-impervious seals, as described in more detail

hereinbelow.

As shown in Fig. 1, fenestrated stent-graft 20 includes (a) first and second end

portions 24 and 26, which extend to respective ends 28 and 30 of stent-graft 20, and (b) a

central portion 34 disposed longitudinally between end portions 24 and 26. Fenestrated

stent-graft 20 comprises a fenestrated support structure 36 and a fenestrated covering

element 38, which is securely attached to and covers at least a portion of the fenestrated

support structure. Fenestrated support structure 36 and fenestrated covering element 38

are shaped so as to together define first and second lateral apertures 40 and 42 in central

portion 34, which apertures face in generally radially opposing directions, when the

fenestrated stent-graft is in its radially-expanded state. Typically, one or both of apertures

40 and 42 are generally elliptical, when the fenestrated stent-graft is in its radially-

expanded state.

Fenestrated support structure 36 typically comprises a plurality of structural stent

elements. For some applications, at least some of, e.g., all of, the structural stent elements

are interconnected (as shown in the figures), while for other applications, at least a portion

of, e.g., all, of the structural stent elements are not interconnected (configuration not

shown). For some applications, support structure 36 comprises a metal, such as a super-

elastic alloy and/or a shape memory allow, e.g., Nitinol. For some applications, one or

both of apertures 40 and 42 are circumscribed by respective generally annular structural

stent elements of the support element.

Covering element 38 serves as a blood flow guide through at least a portion of

fenestrated stent-graft 20. Covering element 38 (and covering element(s) 58 of crossing

stent-graft 22, described hereinbelow) typically comprises at least one biologically-



compatible substantially blood-impervious flexible sheet, which is attached (such as by

stitching) to at least a portion of the support structure, on either side of the surface defined

by the support structure. The flexible sheet may comprise, for example, a polymeric

material (e.g., a polyester, or polytetrafluoroethylene), a textile material (e.g.,

polyethylene terephthalate (PET)), natural tissue (e.g., saphenous vein or collagen), or a

combination thereof.

For some applications, covering element 38 does not extend to at least one of ends

28 and 30 of fenestrated stent-graft 20, such that support structure 36 is not covered near

the end. For some applications, this uncovered portion is flared, when the fenestrated

stent-graft is in its radially-expanded state. The uncovered portion may facilitate proper

fixation and sealing of the stent-graft with the blood vessel wall.

For some applications, as shown in Figs. 1 and 2A-B, central portion 34 of

fenestrated stent-graft 20, and/or the entirety of fenestrated stent-graft 20, is generally

fusiform, when the fenestrated stent-graft is in its radially-expanded state.

For some applications, each of ends 28 and 30 of fenestrated stent-graft 20 has a

perimeter of at least 10 mm, no more than 100 mm, and/or between 10 and 100 mm, such

as of at least 8 mm, no more than 14 mm, and/or between 8 and 14 mm, when the

fenestrated stent-graft is unconstrained in its radially-expanded state, i.e., no forces are

applied to the stent-graft by a delivery tool, walls of a blood vessel, or otherwise. For

some applications, fenestrated stent-graft 20, when unconstrained in its radially-expanded

state, has a total length LI of at least 3 cm, no more than 20 cm, and/or between 3 and 20

cm. For some applications, central portion 34 has a length L2 of at least 1 cm, no more

than 10 cm, and/or between 1 and 10 cm, when stent-graft 20 is unconstrained in its

radially-expanded state. For some applications, first and second end portions 24 and 26

have respective lengths L3 and L4, each of which is at least 1 cm, no more than 10 cm,

and/or between 1 and 10 cm, when stent-graft 20 is unconstrained in its radially-expanded

state.

For some applications, a greatest perimeter PI (labeled in Fig. 2B) of central

portion 34 is at least 6 cm, no more than 16 cm, and/or between 6 and 16 cm, when

fenestrated stent-graft 20 is unconstrained in its radially-expanded state.

For some applications, a ratio of (a) greatest perimeter PI of central portion 34 of

fenestrated stent-graft 20 to (b) a perimeter P2 (labeled in Fig. 2B) of each of ends 28 and



30 of first and second end portions 24 and 26 of fenestrated stent-graft 20 is at least 4, no

more than 15, and/or between 4 and 15, when the fenestrated stent-graft is unconstrained

in its radially-expanded state.

For some applications, first aperture 40 has a perimeter P3 of at least 3 cm, no

more than 12 cm, and/or between 3 and 12 cm, when the fenestrated stent-graft is

unconstrained in its radially-expanded state. For some applications, second aperture 42

has a perimeter P4 of at least 3 cm, no more than 12 cm, and/or between 3 and 1 cm,

when the fenestrated stent-graft is unconstrained in its radially-expanded state. For some

applications, perimeters P3 and P4 are generally equal, such as within 10% of each other,

when the fenestrated stent-graft is unconstrained in its radially-expanded state.

For some applications, respective centers 64 and 66 of apertures 40 and 42 are

positioned less than a distance from a longitudinal midpoint 68 the fenestrated stent-graft

20 , which distance is measured along a longitudinal axis of the fenestrated stent-graft and

equals 40% of longitudinal length LI of fenestrated stent-graft 20, such as 10%, when the

fenestrated stent-graft is unconstrained in its radially-expanded state.

Also as shown in Fig. 1, crossing stent-graft 22 includes (a) first and second end

portions 44 and 46, which extend to respective ends 48 and 50 of stent-graft 22, and (b) a

central portion 54 disposed longitudinally between end portions 44 and 46. Crossing

stent-graft 22 comprises a crossing support structure 56 and one or more crossing

covering elements 58, which are securely attached to and cover at least partially cover

first and second end portions 44 and 46. Central portion 54 is at least partially uncovered

when crossing stent-graft 22 is in its radially-expanded state.

Typically, central portion 54 is completely uncovered. For some applications, as

shown in the figures, the one or more crossing covering elements 58 include first and

second covering elements 58A and 58B, which are securely attached to and at least

partially cover first and second end portions 44 and 46, respectively. For some

applications, when crossing stent-graft 22 is unconstrained in its radially-expanded state:

(a) one end 60A of first covering element 58A defines a generally elliptical

circumferential junction 62A between first end portion 44 and central portion 54, (b) one

end 60B of second covering element 58B defines a generally elliptical circumferential

junction 62A between second end portion 46 and central portion 54, and (c) central

portion 54 is entirely uncovered.



Alternatively, central portion 54 is partially covered, e.g., less than 40%, such as

less than 20% or less than 10% of a surface area thereof is covered when crossing stent-

graft 22 is in its radially-expanded state. For example, the one or more crossing covering

elements may comprise exactly one crossing covering element 58, a central portion of

which extends along central portion 54 between end portions of the crossing covering

element that cover first and second end portions 44 and 46, respectively.

For some applications, the one or more covering elements 58 do not extend to at

least one of ends 44 and 46 of crossing stent-graft 202, such that support structure 56 is

not covered near the end. For some applications, this uncovered portion is flared. The

uncovered portion may facilitate proper fixation and sealing of the stent-graft with the

blood vessel wall.

Crossing support structure 56 typically comprises a plurality of structural stent

elements. For some applications, at least some of, e.g., all of, the structural stent elements

are interconnected (as shown in the figures), while for other applications, at least a portion

of, e.g., all, of the structural stent elements are not interconnected (configuration not

shown). The one or more crossing covering elements serve as blood flow guides through

at least a portion of first end portion 44 and at least a portion of second end portion 46,

respectively.

For some applications, crossing stent-graft 22, when in its radially-expanded state,

has an hour-glass shape, and central portion 54 is shaped so as to define a stricture in the

hour-glass shape. Alternatively, for some applications, a perimeter of first end portion 44

varies by less than 20%, such as less than 10%, along a length thereof, when the crossing

stent-graft is unconstrained in its radially-expanded state. Similarly, for some

applications, a perimeter of second end portion 46 varies by less than 20%, such as less

than 10%, along a length thereof, when the crossing stent-graft is unconstrained in its

radially-expanded state.

For some applications, each of ends 48 and 50 of crossing stent-graft 22 has a

perimeter of at least 3 cm, no more than 18 cm, and/or between 3 and 18 cm, when the

crossing stent-graft is unconstrained in its radially-expanded state. For some applications,

crossing stent-graft 22 has a total length L5 of at least 3 cm, no more than 20 cm, and/or

between 3 and 20 cm, when unconstrained in its radially-expanded state. For some

applications, central portion 54 has a length L6 of at least 3 cm, no more than 20 cm,



and/or between 3 and 20 cm, when stent-graft 22 is unconstrained in its radially-expanded

state. For some applications, first and second end portions 44 and 46 have respective

lengths L7 and L8, each of which is at least 1 cm, no more than 10 cm, and/or between 1

and 10 cm, when stent-graft 22 is unconstrained in its radially-expanded state.

For some applications, a greatest perimeter P5 of central portion 54 is at least 1.5

cm, no more than 10 cm, and/or between 1.5 and 10 cm, such as at least 4.5 cm, no more

than 8 cm, and/or between 4.5 and 8 cm, when crossing stent-graft 22 is unconstrained in

its radially-expanded state. For some applications, a greatest perimeter of at least one of

first end portion 44 and second end portion 46 is at least 6 cm, no more than 13 cm,

and/or between 6 and 13 cm, when the crossing stent-graft is unconstrained in its radially-

expanded state.

For some applications, an average perimeter of central portion 54 (a) is less than

an average perimeter of first end portion 44 and (b) is less than an average perimeter of

second end portion 46, when the crossing stent-graft is unconstrained in its radially-

expanded state.

For some applications, fenestrated and/or crossing stent-grafts 20 and 22

implement one or more of the techniques described in the patent applications incorporated

by reference hereinbelow. For example, the stent-grafts may utilize one or more of the

configurations of aortic stent-grafts described in these patent applications.

For some applications, a perimeter of central portion 54 varies by less than 50%

therealong, such as less than 30% therealong, or less than 20% therealong, when crossing

stent-graft 22 is unconstrained in its radially-expanded state.

Reference is again made to Figs. 2A-B, which show crossing stent-graft 22

passing through fenestrated stent-graft 20 (Fig. 2B shows the portion of crossing stent-

graft 22 that is within fenestrated stent-graft). Fenestrated and crossing stent-grafts 20

and 22, when in their radially-expanded states, are sized and shaped such that, when

crossing stent-graft 22 is disposed through first and second apertures 40 and 42 such that

central portion 54 of crossing stent-graft 22 is within central portion 34 of fenestrated

stent-graft 20, first and second end portions 44 and 46 of crossing stent-graft 22 pass

through and form blood-impervious seals with first and second apertures 40 and 42,

respectively. As a result, interior spaces defined by all of the following are in fluid

communication with one another: first and the second end portions 24 and 26 and central



portion 34 of fenestrated stent-graft 20, and first and second end portions 44 and 46 and

central portion 54 of crossing stent-graft 22. Central portion 54 of crossing stent-graft 22

is generally sized to fit the perimeters P3 and P4 of apertures 40 and 42, when the stent-

grafts are unconstrained in their radially-expanded states.

For some applications, when the crossing stent-graft is unconstrained in its

radially-expanded state longitudinal length L I of central portion 54 of crossing stent-graft

22 is at least 25%, no more than 120%, and/or between 25% and 120% of a closest

distance Dl between apertures 40 and 42 (as labeled in Fig. 2B), such as at least 25%, no

more than 100%, and/or between 25% and 100%. (Length LI may be greater than

distance Dl when the crossing stent-graft is unconstrained in its radially-expanded state,

and central portion 54 may still be positioned entirely within fenestrated stent-graft 20,

because the crossing stent-graft may longitudinally partially collapse and/or shorten when

the stent-graft system is fully deployed.)

Reference is made to Figs. 3A-H, which are schematic illustrations of an

exemplary transluminal delivery procedure for implanting multi-component stent-graft

system 10, in accordance with an application of the present invention. In this exemplary

procedure, crossing stent-graft 22 is configured to be implanted in a main blood vessel

having an aneurysm, such as a descending abdominal aorta 100 (in which the aneurysm is

typically below the renal arteries, as shown). First and the second ends portions 24 and 26

of fenestrated stent-graft 20 are configured to be implanted at least partially in respective

branching blood vessels of the main blood vessel, such as left and right renal arteries

102A and 102B. When the fenestrated stent-graft is thus implanted, central portion 34 of

fenestrated stent-graft 20 is positioned in the main blood vessel, such as descending

abdominal aorta 100, and first and second ends 28 and 30 are positioned in the branching

blood vessels, such as left and right renal arteries 102A and 102B.

As shown in Fig. 3A, the exemplary procedure begins with the laparoscopic

advancing of a guidewire 110 into a first branching blood vessel, such as left renal artery

102A, as shown, or right renal artery 102B (approach not shown).

Fenestrated stent-graft 20 is initially positioned in its radially-compressed state

within a delivery shaft 120, typically near a distal end of the delivery shaft (e.g., such that

at least one end of stent-graft 20 is within a distance of the distal end, which distance

equals the sum of 2 cm and an axial length of the fenestrated stent-graft). As shown in



Fig. 3B, delivery shaft 120 is laparoscopically advanced over guidewire 110 into left renal

artery 102A, across descending abdominal aorta 100, and into right renal artery 102B. As

a result, fenestrated stent-graft 20, while still in its radially-compressed state, is positioned

such that first and second end portions 24 and 26 are at least partially disposed left and

right renal arteries 102A and 102B, respectively (and ends 28 and 30 of stent-graft 20 are

disposed in left and right renal arteries 102A and 102B, respectively). Central portion 34

is positioned at least partially within aorta 100, such as entirely with the aorta.

Optionally, guidewire 110 is withdrawn, leaving delivery shaft 120 in place (approach not

shown).

As shown in Figs. 3C-D, the fenestrated stent-graft is held in place as delivery

shaft 120 is withdrawn, thereby delivering the fenestrated stent-graft from the delivery

shaft. Optionally, techniques for holding the fenestrated stent-graft in place may be used

that are described in a PCT application filed November 30, 2010, entitled, "Multi-

component stent-graft system for implantation in a blood vessel with multiple branches,"

which is incorporated herein by reference, such as with reference to Figs. 10 and 11A-E

or Figs. 12A-C thereof.

Fenestrated stent-graft 20 typically self-expands, until it assumes its radially-

expanded state, upon reaching its maximum unconstrained size, and/or being constrained

from further expansion by the wall of the blood vessels. Fig. 3C shows the fenestrated

stent-graft in an intermediate state of expansion, while Fig. 3D shows the stent-graft fully

expanded. First and second lateral apertures 40 and 42 are open within descending

abdominal aorta 100, facing in generally radially opposing directions (first aperture 40

faces upstream, and second aperture 42 faces downstream). The guidewire is then

withdrawn (alternatively, instead of delivering the stent-graft using this over-the-wire

(OTW) approach, the guidewire may be withdrawn before releasing the stent-graft from

delivery shaft 120, as mentioned above).

As shown in Fig. 3E, a second guidewire 130 is advanced into the main blood

vessel, e.g., descending abdominal aorta 100, typically transvascularly (typically

percutaneously) via one of the iliac arteries. Guidewire 130 is passed through second

opening 24 and first opening 40, such that the guidewire passes through central portion 34

of fenestrated stent-graft 20.

Crossing stent-graft 22 is initially positioned in its radially-compressed state



within a delivery shaft 140, typically near a distal end of the delivery shaft (e.g., such that

at least one end of stent-graft 22 is within a distance of the distal end, which distance

equals the sum of 2 cm and an axial length of the crossing stent-graft). As shown in Fig.

3F, delivery shaft 140 is advanced over guidewire 130 through second and first openings

42 and 40. As a result, crossing stent-graft 22, while still in its radially-compressed state,

is positioned such central portion 54 of crossing stent-graft 22 is positioned within central

portion 34 of fenestrated stent-graft 20 (in aorta 100), and first and second end portions 44

and 46 of crossing stent-graft 22 pass through first and second apertures 40 and 42,

respectively. First and second ends 48 and 50 are positioned in ascending aorta 100

upstream and downstream of the renal arteries, respectively. Optionally, guidewire 130 is

withdrawn, leaving delivery shaft 140 in place (approach not shown).

As shown in Figs. 3G-H, the crossing stent-graft is held in place as delivery shaft

140 is withdrawn, thereby delivering the crossing stent-graft from the delivery shaft.

Optionally, techniques for holding the fenestrated stent-graft in place may be used that are

described in the above-mentioned PCT application filed November 30, 2010, entitled,

"Multi-component stent-graft system for implantation in a blood vessel with multiple

branches," such as with reference to Figs. 10 and 11A-E or Figs. 12A-C thereof.

Crossing stent-graft 22 typically self-expands, until it assumes its radially-

expanded state, upon reaching its maximum unconstrained size, and/or being constrained

from further expansion by the wall of the aorta. Fig. 3G shows the crossing stent-graft in

an intermediate state of expansion, in which first end portion 44 has radially expanded,

while Fig. 3D shows the stent-graft fully expanded. First and second end portions 44 and

46 of crossing stent-graft 22 form blood-impervious seals with first and second apertures

40 and 42, respectively. As a result, interior spaces defined by all of the following are in

fluid communication with one another: first and the second end portions 24 and 26 and

central portion 34 of fenestrated stent-graft 20, and first and second end portions 44 and

46 and central portion 54 of crossing stent-graft 22. In the exemplary deployment shown

in Figs. 3A-3H, this fluid communication allows blood to flow down descending

abdominal aorta 100, into first end portion 44 of crossing stent-graft 22, and then into

both central portion 54 of crossing stent-graft 22 and central portion 34 of fenestrated

stent-graft 20. From the central portions, (a) a portion of the blood flow branches to first

and second end portions 24 of fenestrated stent-graft 20, and renal arteries 102A and

102B, and (b) a portion of the blood flow continues downstream to second end portion 46



of crossing stent-graft 22 and the sub-renal descending abdominal aorta (typically

bypassing an aortic aneurysm in the sub-renal descending abdominal aorta).

The guidewire is then withdrawn (alternatively, instead of delivering the stent-

graft using this over-the-wire (OTW) approach, the guidewire may be withdrawn before

releasing the stent-graft from delivery shaft 120, as mentioned above, and using a rapid-

exchange methodology).

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

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

invention. In this exemplary method of deploying system 10, fenestrated stent-graft 20 is

deployed, e.g., endovascularly, in a main a blood vessel, such as descending abdominal

aorta, such that first and second apertures 40 and 42 generally face first and second

branching blood vessels of the main blood vessel, such as left and right renal arteries

102A and 102B. For some applications, fenestrated stent-graft 20 is deployed using

techniques similar to those described hereinabove with reference to Figs. 3E-H for

deploying crossing stent-graft 22. Fig. 4 shows the fenestrated stent-graft is in its

radially-expanded state, upon completion of deployment thereof.

After fenestrated stent-graft 20 has been deployed, crossing stent-graft 22 is

introduced, e.g., laparoscopically, into the first branching blood vessel, e.g., the left or

right renal artery (e.g., left renal artery 102A, as shown by way of example in Fig. 4). The

crossing stent-graft, while in a radially-compressed state thereof, is passed through first

and second apertures 40 and 42 of fenestrated stent-graft 20, and into the second

branching blood vessel, e.g., the other of the left and right renal arteries (e.g., right renal

artery 102B, as shown by way of example in Fig. 4), such that:

• central portion 54 of crossing stent-graft 22 is within central portion 34 of

fenestrated stent-graft 20, and

• first and second end portions 44 and 46 of crossing stent-graft 22 pass

through first and second apertures 40 and 42, respectively.

For some applications, crossing stent-graft 22 is deployed using techniques similar to

those described hereinabove with reference to Figs. 3A-D for deploying fenestrated stent-

graft 20.

Crossing stent-graft 22 is transitioned to its radially-expanded state (typically by



deploying the crossing stent-graft from its delivery shaft). First and second end portions

44 and 46 of crossing stent-graft 22 form blood-impervious seals with first and second

apertures 40 and 42, respectively. As a result, interior spaces defined by all of the

following are in fluid communication with one another: first and second end portions 24

and 26 and central portion 34 of fenestrated stent-graft 20, and first and second end

portions 44 and 46 and central portion 54 of crossing stent-graft 22.

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

configuration of crossing stent-graft 22, in accordance with an application of the present

invention. This configuration of the crossing stent-graft may be used for any of the

applications described above, including the applications described above with reference to

Figs. 1 and 2A-B, Figs. 3A-H, and/or Fig. 4 (for use with the application described with

reference to Fig. 4, the crossing stent-graft generally has the shape shown in Fig. 4,

modified as described below).

In this configuration, first and second end portions 44 and 46 have medial ends

150 and 152, respectively, at which the first and second end portions are joined to the

central portion, respectively. One or both of first and second end portions 44 and 46 are

outwardly flared toward central portion 54, when the stent-graft is in its radially-expanded

state, so as to define outward flares 154 and 156, respectively. Optionally, one or both of

first and second end portions 44 and 46 are additionally slightly indented radially inward

near the outward flares, away from central portion 54, so as to define radial indentations

158 and 160, respectively. Typically, first and second covering elements 58A and 58B at

least partially, such as completely, cover the outward flares. The flares aid in proper axial

positioning of crossing stent-graft 22 with respect to apertures 40 and 42 during

deployment of the crossing stent-graft, by helping guide the crossing stent-graft into

proper axial position. The flares may also help axially secure the crossing stent-graft to

the fenestrated stent-graft by preventing axial movement of the crossing stent-graft with

respect to the fenestrated stent-graft. In addition, the flares may help form the blood-

impervious seals between first and second portions 44 and 46 of crossing stent-graft 22

and first and second apertures 40 and 42 of fenestrated stent-graft 20, as described

hereinabove. The flared portions (together with radially-indented portions) may serve as

interface members, and may generally have the shape of an hourglass. The radially-

indented (narrower) portions may be sized to conform with the perimeters of apertures 40

and 42.



For some applications of the present invention, a kit is provided that comprises

fenestrated stent-graft 20 and crossing stent-graft 22. For some applications, the kit

further comprises delivery shaft 120, delivery shaft 140, guidewire 110, and/or guidewire

130.

For some applications, at least one of stent-grafts 20 and 22 comprises one or

more anchoring elements that extend radially outwardly when the stent-graft assumes its

radially-expanded state. The anchoring elements anchor the stent-graft to a vascular wall,

helping prevent dislodgement.

For some applications, stent-graft system 10 is used to treat an aneurysm, such as

an aortic aneurism, or an aneurism of another blood vessel. For example, the aneurism

may be of the sub-renal aorta, as shown in Figs. 3A-H and 4. For some applications, a

method is provided that comprises identifying that a patient suffers from an aneurysm,

such as an aortic aneurism, and, responsively to the identifying, implanting (for example,

including, transvascularly and/or laparoscopically introducing) one or more of the stent-

grafts described herein, such as fenestrated stent-graft 20 and/or crossing stent-graft 22,.

Techniques for identifying that a patient suffers from an aneurism are well known, and

thus not described herein.

Although stent-graft system 10 has sometimes been described hereinabove as

being deployed in the descending abdominal aorta and the left and right renal arteries, the

stent-graft system may, for some applications, also be deployed at other branching body

lumens. For example, the main body lumen may be the aorta, and the branching body

lumen may include the inferior or superior mesenteric arteries, or the celiac 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.

· US Application 12/529,936, which published as US Patent Application

Publication 2010/0063575 to Shalev et al.



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

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

• US Provisional Application 61/2 9,758, filed June 23, 2009

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

· PCT Application PCT/U32010/052861, filed June 23, 2010

• PCT Application PCT/IL2010/000564, filed July 14, 2010

• PCT Application PCT/IL20 10/000917, filed November 4, 2010

• a PCT application filed November 30, 2010, entitled, "Multi-component

stent-graft system for implantation in a blood vessel with multiple

branches"

• a PCT application filed December 2, 2010, entitled, "Endovascular

fenestrated stent-grafting"

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 system, which comprises:

a fenestrated stent-graft, which includes first and second end portions and a central

portion disposed longitudinally therebetween, and which comprises a fenestrated support

structure and a fenestrated covering element, which is securely attached to and covers at

least a portion of the fenestrated support structure, wherein the fenestrated support

structure and the fenestrated covering element are shaped so as to together define first and

second lateral apertures in the central portion, which apertures face in generally radially

opposing directions, when the fenestrated stent-graft is in a radially-expanded state

thereof; and

a crossing stent-graft, which includes first and second end portions and a central

portion disposed longitudinally therebetween, and which comprises a crossing support

structure and one or more crossing covering elements, which are securely attached to and

at least partially cover the first and the second end portions, such that the central portion is

at least partially uncovered when the crossing stent-graft is in a radially-expanded state

thereof,

wherein the fenestrated and the crossing stent-grafts are sized and shaped such

that, when the crossing stent-graft is disposed through the first and the second apertures

such that the central portion of the crossing stent-graft is within the central portion of the

fenestrated stent-graft, the first and the second end portions of the crossing stent-graft (a)

pass through the first and the second apertures, respectively, and (b) when the fenestrated

and the crossing stent-grafts are in their radially-expanded states, form blood-impervious

seals with the first and the second apertures, respectively, such that interior spaces defined

by all of the following are in fluid communication with one another: the first and the

second end portions and the central portion of the fenestrated stent-graft, and the first and

the second end portions and the central portion of the crossing stent-graft.

2. The apparatus according to claim 1, wherein the central portion of crossing stent-

graft is generally sized to fit a perimeter of each of the apertures, when the stent-grafts are

unconstrained in their radially-expanded states.

3. The apparatus according to claim 1, wherein the one or more crossing covering

elements include first and second covering elements, which are securely attached to and at

least partially cover the first and the second end portions of the crossing stent-graft,



respectively.

4. The apparatus according to claim 3, wherein, when the crossing stent-graft is

unconstrained in its radially-expanded state:

one end of the first covering element defines a generally elliptical circumferential

junction between the first end portion and the central portion of the crossing stent-graft,

one end of the second covering element defines a generally elliptical

circumferential junction between the second end portion and the central portion of the

crossing stent-graft, and

the central portion of the crossing stent-graft is entirely uncovered.

5. The apparatus according to claim 4, wherein a perimeter of the central portion of

the crossing stent-graft varies by less than 30% therealong, when the crossing stent-graft

is unconstrained in its radially-expanded state.

6. The apparatus according to claim 4, wherein a longitudinal length of the central

portion of the crossing stent-graft is between 25% and 120% of a distance between the

apertures, when the crossing stent-graft is unconstrained in its radially-expanded state.

7. The apparatus according to claim 1, wherein the central portion of the fenestrated

stent-graft is generally fusiform, when the fenestrated stent-graft is unconstrained in its

radially-expanded state.

8. The apparatus according to claim 1, wherein the fenestrated stent-graft is generally

fusiform, when the fenestrated stent-graft is unconstrained in its radially-expanded state.

9. The apparatus according to claim 1, wherein a perimeter of the central portion of

the crossing stent-graft varies by less than 50% therealong, when the crossing stent-graft

is unconstrained in its radially-expanded state.

10. The apparatus according to claim 1, wherein one or both of the apertures are

generally elliptical, when the fenestrated stent-graft is unconstrained in its radially-

expanded state.

11. The apparatus according to claim 1, wherein respective centers of the apertures are

positioned less than a distance from a longitudinal midpoint of the fenestrated stent-graft,

which distance is measured along a longitudinal axis of the fenestrated stent-graft and

equals 40% of a longitudinal length of the fenestrated stent-graft, when the fenestrated

stent-graft is unconstrained in its radially-expanded state.



12. The apparatus according to claim 1, wherein the first and the second end portions

of the fenestrated stent-graft have respective ends that coincide with respective ends of the

fenestrated stent-graft, and wherein each of the ends of the first and the second end

portions has a perimeter of between 10 and 100 mm, when the fenestrated stent-graft is

unconstrained in its radially-expanded state.

13. The apparatus according to claim 1, wherein a greatest perimeter of the central

portion of the fenestrated stent-graft is between 6 and 16 cm, when the fenestrated stent-

graft is unconstrained in its radially-expanded state.

14. The apparatus according to claim 1, wherein the first and the second end portions

of the crossing stent-graft have respective medial ends, at which the first and the second

end portions are joined to the central portion of the crossing stent-graft, respectively, and

wherein at least one of the first and the second end portions of the crossing stent-graft is

outwardly flared toward the central portion of the crossing stent-graft, when the crossing

stent-graft is in its radially-expanded state.

15. The apparatus according to claim 1, wherein the first and the second end portions

of the fenestrated stent-graft have respective ends that coincide with respective ends of the

fenestrated stent-graft, and wherein a ratio of (a) a greatest perimeter of the central portion

of the fenestrated stent-graft to (b) a perimeter of each of the ends of the first and the

second end portions of the fenestrated stent-graft is between 4 and 15, when the

fenestrated stent-graft is unconstrained in its radially-expanded state.

16. The apparatus according to claim 1, wherein a perimeter of the first end portion of

the crossing stent-graft varies by less than 20% along a length thereof, when the crossing

stent is unconstrained in its radially-expanded state.

17. The apparatus according to claim 1, wherein a perimeter of the second end portion

of the crossing stent-graft varies by less than 20% along a length thereof, when the

crossing stent-graft is unconstrained in its radially-expanded state.

18. The apparatus according to claim 1, wherein the fenestrated covering element does

not extend to at least one end of the fenestrated stent-graft, such that the fenestrated

support structure is not covered near the end.

19. The apparatus according to claim 1, wherein the one or more crossing covering

elements do not extend to at least one end of the crossing stent-graft, such that the



crossing support structure is not covered near the end.

20. The apparatus according to claim 1, wherein an average perimeter of the central

portion of the crossing stent-graft (a) is less than an average perimeter of the first end

portion of the crossing stent-graft and (b) is less than an average perimeter of the second

end portion of the crossing stent-graft, when the crossing stent-graft is unconstrained in its

radially-expanded state.

21. The apparatus according to claim 1, wherein a greatest perimeter of at least one of

the first end portion and the second end portion of the crossing stent-graft is between 6

and 13 cm, when the crossing stent-graft is unconstrained in its radially-expanded state.

22. The apparatus according to claim 1, wherein a greatest perimeter of the central

portion of the crossing stent-graft is between 1.5 and 10 cm, when the crossing stent-graft

is unconstrained in its radially-expanded state.

23. The apparatus according to any one of claims 1-22, wherein each of the crossing

support structure and the fenestrated support structure comprises a metal.

24. The apparatus according to claim 23, wherein the metal is selected from the group

consisting of: a super-elastic metal, and a shape memory alloy.

25. The apparatus according to claim 23, wherein the metal comprises Nitinol.

26. The apparatus according to any one of claims 1-22, wherein the fenestrated and

the crossing stent-grafts are self-expanding.

27. The apparatus according to any one of claims 1-22, wherein the crossing stent-

graft, when in its radially-expanded state, has an hour-glass shape, and the central portion

of the crossing stent-graft is shaped so as to define a stricture in the hour-glass shape.

28. The apparatus according to any one of claims 1-22, wherein the crossing stent-

graft is configured to be implanted in a main blood vessel having an aneurysm, and the

first and the second end portions of the fenestrated stent-graft are configured to be

implanted at least partially in respective branching blood vessels of the main blood vessel,

such that the central portion of the fenestrated stent-graft is positioned in the main blood

vessel.

29. The apparatus according to any one of claims 1-22, wherein the fenestrated stent-

graft is configured to be implanted in a main blood vessel having an aneurysm, and the



first and the second end portions of the crossing stent-graft are configured to be implanted

at least partially in respective branching blood vessels of the main blood vessel, such that

the central portion of the crossing stent-graft is positioned in the main blood vessel.

30. The apparatus according to any one of claims 1-22, further comprising:

a first delivery shaft, wherein the fenestrated stent-graft is initially placed in the

first delivery shaft in a radially-compressed state of the fenestrated stent-graft, and

wherein the fenestrated stent-graft is configured to transition to its radially-expanded state

upon being deployed from the first delivery shaft; and

a second delivery shaft, wherein the crossing stent-graft is initially placed in the

second delivery shaft in a radially-compressed state of the crossing stent-graft, and

wherein the crossing stent-graft is configured to transition to its radially-expanded state

upon being deployed from the second delivery shaft.

31. A method for treating a patient, the method comprising:

providing (a) a fenestrated stent-graft, which includes first and second end

portions and a central portion disposed longitudinally therebetween, which central portion

is shaped so as to define first and second lateral apertures that face in generally radially

opposing directions, when the fenestrated stent-graft is in a radially-expanded state

thereof, and (b) a crossing stent-graft, which includes first and second end portions and a

central portion disposed longitudinally therebetween, and which comprises a crossing

support structure and one or more crossing covering elements, which are securely

attached to and at least partially cover the first and the second end portions, such that the

central portion is at least partially uncovered when the crossing stent-graft is in a radially-

expanded state thereof;

deploying the fenestrated stent-graft such that the first and the second end portions

thereof are at least partially positioned in respective first and second branching blood

vessels of a main blood vessel of the patient, the central portion of the fenestrated stent-

graft is positioned in the main blood vessel, and the fenestrated stent-graft is in its

radially-expanded state;

thereafter, introducing the crossing stent-graft into the main blood vessel, and

passing the crossing stent-graft, while in a radially-compressed state thereof, through the

second and the first apertures, such that the central portion of the crossing stent-graft is

within the central portion of the fenestrated stent-graft, and the first and the second end



portions of the crossing stent-graft pass through the first and the second apertures,

respectively; and

transitioning the crossing stent-graft to its radially-expanded state, such that the

first and the second end portions of the crossing stent-graft form blood-impervious seals

with the first and the second apertures, respectively, such that interior spaces defined by

all of the following are in fluid communication with one another: the first and the second

end portions and the central portion of the fenestrated stent-graft, and the first and the

second end portions and the central portion of the crossing stent-graft.

32. The method according to claim 31, wherein deploying the fenestrated stent-graft

comprises laparoscopically introducing the fenestrated stent-graft into the first branching

blood vessel, and advancing the fenestrated stent-graft across the main blood vessel to the

second branching blood vessel.

33. The method according to claim 31, wherein introducing the crossing stent-graft

comprises endovascularly introducing the crossing stent-graft into the main blood vessel.

34. The method according to claim 31, further comprising identifying that the patient

suffers from an aneurysm of the main blood vessel, wherein introducing the crossing

stent-graft comprises introducing the crossing stent-graft responsively to the identifying.

35. The method according to claim 31, wherein providing the fenestrated stent-graft

comprises providing the fenestrated stent-graft in which the central portion thereof is

generally fusiform, when the fenestrated stent-graft is unconstrained in its radially-

expanded state.

36. The method according to claim 31, wherein providing the fenestrated stent-graft

comprises providing the fenestrated stent-graft which is generally fusiform, when the

fenestrated stent-graft is unconstrained in its radially-expanded state.

37. A method for treating a patient, the method comprising:

providing (a) a fenestrated stent-graft, which includes first and second end

portions and a central portion disposed longitudinally therebetween, which central portion

is shaped so as to define first and second lateral apertures that face in generally radially

opposing directions, when the fenestrated stent-graft is in a radially-expanded state

thereof, and (b) a crossing stent-graft, which includes first and second end portions and a

central portion disposed longitudinally therebetween, and which comprises a crossing



support structure and one or more crossing covering elements, which are securely

attached to and at least partially cover the first and the second end portions, such that the

central portion is at least partially uncovered when the crossing stent-graft is in a radially-

expanded state thereof;

deploying the fenestrated stent-graft in a main blood vessel of the patient such that

the first and the second apertures generally face first and second branching blood vessels

of the main blood vessel, and the fenestrated stent-graft is in its radially-expanded state;

thereafter, introducing the crossing stent-graft into the first branching blood vessel,

and passing the crossing stent-graft, while in a radially-compressed state thereof, through

the first and the second apertures, and into the second branching blood vessel, such that

the central portion of the crossing stent-graft is within the central portion of the

fenestrated stent-graft, and the first and the second end portions of the crossing stent-graft

pass through the first and the second apertures, respectively; and

transitioning the crossing stent-graft to its radially-expanded state, such that the

first and the second end portions of the crossing stent-graft form blood-impervious seals

with the first and the second apertures, respectively, such that interior spaces defined by

all of the following are in fluid communication with one another: the first and the second

end portions and the central portion of the fenestrated stent-graft, and the first and the

second end portions and the central portion of the crossing stent-graft.

38. The method according to claim 37, wherein deploying the fenestrated stent-graft

comprises endovascularly introducing the crossing stent-graft into the main blood vessel.

39. The method according to claim 37, wherein introducing the crossing stent-graft

comprises laparoscopically introducing the crossing stent-graft into the first branching

blood vessel, and advancing the crossing stent-graft across the main blood vessel to the

second branching blood vessel.

40. The method according to claim 37, further comprising identifying that the patient

suffers from an aneurysm of the main blood vessel, wherein deploying the fenestrated

stent-graft comprises deploying the fenestrated stent-graft responsively to the identifying.

41. The method according to any one of claims 3 1 and 37, wherein the main blood

vessel is an artery.

42. The method according to claim 41, wherein the artery is a descending abdominal

aorta.



43. The method according to claim 42, wherein one of the first and the second

branching blood vessels is a left renal artery, and another of the first and the second

branching blood vessels is a right renal artery.

44. The method according to any one of claims 3 1 and 37,

wherein deploying the fenestrated stent-graft comprises introducing the fenestrated

stent-graft while placed in a first delivery shaft in a radially-compressed state of the

fenestrated stent-graft, and transitioning the fenestrated stent-graft to its radially-expanded

state upon deploying the fenestrated stent-graft from the first delivery shaft, and

wherein introducing the crossing stent-graft comprises introducing the crossing

stent-graft while placed in a second delivery shaft in a radially-compressed state of the

crossing stent-graft, and wherein transitioning the crossing stent-graft comprises

transitioning the crossing stent-graft to its radially-expanded state upon deploying the

crossing stent-graft from the second delivery shaft.

45. The method according to any one of claims 3 1 and 37, wherein providing the

crossing stent-graft comprises providing the crossing stent-graft in which the central

portion thereof is generally sized to fit a perimeter of each of the apertures, when the

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

46. The method according to any one of claims 3 1 and 37, wherein providing the

crossing stent-graft comprises providing the crossing stent-graft in which the one or more

crossing covering elements include first and second covering elements, which are securely

attached to and at least partially cover the first and the second end portions of the crossing

stent-graft, respectively.

47. The method according to claim 46, wherein providing the crossing stent-graft

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

unconstrained in its radially-expanded state:

one end of the first covering element defines a generally elliptical circumferential

junction between the first end portion and the central portion of the crossing stent-graft,

one end of the second covering element defines a generally elliptical

circumferential junction between the second end portion and the central portion of the

crossing stent-graft, and

the central portion of the crossing stent-graft is entirely uncovered.

48. The method according to claim 47, wherein providing the crossing stent-graft



comprises providing the crossing stent-graft in which a perimeter of the central portion of

the crossing stent-graft varies by less than 30% therealong, when the crossing stent-graft

is unconstrained in its radially-expanded state.

49. The method according to any one of claims 3 and 37, wherein providing the

fenestrated stent-graft comprises providing the fenestrated stent-graft in which one or both

of the apertures are generally elliptical, when the fenestrated stent-graft is unconstrained

in its radially-expanded state.
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