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(57) Abstract: A multi-component stent-graft system (10) comprises first,
second, and third generally tubular stent-grafts (20, 22, 24), which are
configured to assume radially-expanded states. The first (20) is shaped so
as to define a first lateral opening (34) when radially-expanded. The sec
ond (22) is shaped so as to define a second lateral opening (44) when radi
ally-expanded. The first and second (20, 22) are configured such that the
second (22) forms a blood-impervious seal with the first (20) around the
first lateral opening (34) when the second stent-graft (22) is disposed
therethrough, and the first and the second (20, 22) are radially-expanded.
The second and the third (22, 24) are configured such that the third (24)
forms a blood-impervious seal with the second (22) around the second lat
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second and third (22, 24) are radially-expanded. Other embodiments also
described.
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MULTI-COMPONENT STENT-GRAFT SYSTEM FOR IMPLANTATION IN A

BLOOD VESSEL WITH MULTIPLE BRANCHES

CROSS-REFERENCE TO RELATED APPLICATIONS

The present patent application claims priority from US Provisional Application

61/264,861, filed November 30, 2009, entitled, "A multi component stent graft system for

implantation into a vessel with multiple adjacent branches and methods for using same,"

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.



US Patent Application Publication 2009/0254170 to Hartley et al. describes a

deployment system for introducing stent grafts which have a side arm or into which a side

arm can be deployed. For instance the stent graft can be deployed into the thoracic arch

of a patient. The deployment system includes an introducer, an auxiliary catheter

disposed within the introducer and an auxiliary guide wire disposed within the auxiliary

catheter. The auxiliary guide wire extends to adjacent the proximal end of the introducer

an can be extended from the proximal end of the introducer so that it can be snared from a

side branch artery to assist with deployment of a side arm of the stent graft into the side

artery or for the deployment of a side arm stent graft into the stent graft.

The following references may be of interest:

US Patent 4,938,740 to Melbin

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

US Patent 7,044,962 to Elliott

US Patent Application Publication 2004/0106978 to Greenberg et al.

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

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

US Patent Application Publication 2007/0233229 to Berra et al.

US Patent Application Publication 2008/0109066 to Quinn

US Patent Application Publication 2008/0114445 to Melsheimer et al.

US Patent Application Publication 2010/0161026 to Brocker et al.

PCT Publication WO 2004/017868 to Hartley

PCT Publication WO 2006/007389 to Greenberg et al.

PCT Publication WO 2007/084547 to Godlewski et al.

PCT Publication WO 2008/042266 to Yi Tseng et al.

PCT Publication WO 2008/047092 to Goddard et al.

PCT Publication WO 2008/140796 to Hartley et al.

PCT Publication WO 2010/024869 to Hartley et al.

PCT Publication WO 2010/024879 to Hartley et al.



PCT Publication WO 2010/062355 to Kolbel et al.

European Publication EP 1 177 780 A2 to Barone

European Publication EP 1 325 716 A1 to Depalma et al.

Canadian Publication CA 2 497 704 to Nelson

SUMMARY OF APPLICATIONS

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

system for treating a thoracic aortic aneurysm, such as of the aortic arch. The system is

configured to be deployed in the thoracic aorta and in one or more of the branches of the

aortic arch (the brachiocephalic artery, the left common carotid artery, and/or the left

subclavian artery). The multi-component stent-graft comprises first and second stent-

grafts, and optionally a third stent-graft and/or a fourth stent-graft. Typically, the first

stent-graft is shaped so as to define at least one first lateral opening. The second stent-

graft is typically configured to be disposed through the first lateral opening, such that the

second stent-graft forms a blood-impervious seal with the first stent-graft around the first

lateral opening.

The multi-component stent-graft system is configured to be deployed in a

straightforward procedure that readily accommodates ordinary anatomical variances

among different patients. For example, the locations of the bifurcations of the three

branches of the aortic arch vary among patients. The stent-grafts of the system are

assembled in situ to accommodate the dimensions of the particular patient's anatomy,

generally without requiring prior customization of the stent-grafts or in situ modifications

to the stent-grafts, which might be expensive and/or complex.

Typically, upon deployment, the multi-component stent-graft system defines a

blood-flow path from the ascending aorta, over the aortic arch, and to the descending

aorta. The stent-graft system additionally provides blood-flow paths to the three branches

of the aortic arch.

For some applications, the first stent-graft is configured to be positioned such that

a proximal portion thereof, including a proximal end thereof, is positioned in the upper

part of the descending aorta, and a distal portion thereof, including a distal end thereof, is

positioned in one of the branches of the aortic arch. When thus positioned, the first lateral

opening is disposed in the aortic arch facing upstream, generally toward the ascending



aorta.

For some applications, the distal portion of the first stent-graft is positioned in the

left subclavian artery. The second stent-graft is advanced up the descending aorta,

through the proximal portion of the first-stent-graft, out of the first lateral opening, and

into a second one of the branches of the aortic arch, such as the left common carotid

artery. A proximal portion of the second stent-graft, including a proximal end thereof, is

positioned within the first stent-graft in the upper part of the descending aorta, and a distal

portion of the second stent-graft, including a distal end thereof, is positioned in the left

common carotid artery. It is noted that this technique for positioning the second stent-

graft readily accommodates the particular anatomical location of the second branch of the

aortic arch (including with respect to the first branch), without requiring either the first or

the second stent-graft to be customized (in shape or size) for the particular patient.

For some applications in which the third stent-graft is provided, the second stent-

graft is shaped so as to define a second lateral opening, which faces upstream, generally

toward the ascending aorta, upon placement of the second stent-graft as described above.

The third stent-graft is advanced up the descending aorta and into a third one of the

branches of the aortic arch, such as the brachiocephalic artery. A proximal portion of the

third stent-graft is positioned within the second stent-graft in the aortic arch, and a distal

portion of the third stent-graft, including a distal end thereof, is positioned in the

brachiocephalic artery. It is noted that this technique for positioning the third stent-graft

readily accommodates the particular anatomical location of the third branch of the aortic

arch (including with respect to the first and second branches), without requiring either the

first, second, or third stent-graft to be customized (in shape or size) for the particular

patient.

For some applications in which the fourth stent-graft is provided, the third stent-

graft is shaped so as to define a third lateral opening, which faces upstream, generally

toward the ascending aorta, upon placement of the third stent-graft as described above.

The fourth stent-graft is advanced up the descending aorta and into the aortic arch and/or

the upper part of the ascending aorta. A proximal portion of the fourth stent-graft is

positioned within the third stent-graft in the aortic arch, and a distal portion of the fourth

stent-graft, including a distal end thereof, is positioned in the aortic arch and/or the upper

part of the ascending aorta.



For other applications, the first stent-graft is shaped so as to define proximal and

distal superior first lateral openings, and a distal inferior first lateral opening. A proximal

portion of the first stent-graft, including a proximal end thereof, is positioned in the upper

part of the descending aorta; a middle portion of the first stent-graft is positioned in the

aortic arch; and a distal portion of the first stent-graft, including a distal end thereof, is

positioned in the brachiocephalic artery. The proximal superior first lateral opening faces

toward and is aligned with the left subclavian artery, and the distal superior first lateral

opening faces toward and is aligned with the left common carotid artery. The distal

inferior first lateral opening is disposed within the aortic arch facing upstream, generally

toward the ascending aorta. It is noted that the distance between the bifurcations of the

left common carotid artery and the left subclavian artery does not generally vary

substantially among patients, so the generally fixed relative locations of the proximal and

distal superior first lateral openings does not generally present difficulties during the

procedure, particularly if some space is provided between the superior openings and the

bifurcations to allow manipulation of third and fourth stent-grafts, described below. The

two openings are readily aligned with the two branches during positioning of the first

stent-graft, such that placement of the distal end of the first stent-graft in the

brachiocephalic artery naturally accommodates the location of the bifurcation of the

brachiocephalic artery with respect to the locations of the bifurcations of the left common

carotid artery and the left subclavian artery.

The second stent-graft is advanced up the descending aorta, through a proximal

portion of the first-stent-graft, out of the distal inferior first lateral opening, and into the

aortic arch and/or the upper part of the ascending aorta. A proximal portion of the second

stent-graft, including a proximal end thereof, is positioned within the first stent-graft in

the aortic arch, and a distal portion of the second stent-graft, including a distal end

thereof, is positioned in the aortic arch and/or the upper part of the ascending aorta.

The third and fourth stent-grafts are separately advanced up the descending aorta

(in a single delivery tool, or two separate delivery tools) and through a proximal portion

of the first stent-graft. One of these stent-grafts is advanced out of the proximal superior

first lateral opening into the left subclavian artery, and the other is advanced out of the

distal superior first lateral opening into the left common carotid artery. Proximal portions

of the third and fourth stent-grafts, including proximal ends thereof, are positioned within

the first stent-graft in the aortic arch, and distal portions of the third and fourth stent-



grafts, including distal ends thereof, are positioned in the left subclavian artery and the left

common carotid artery, respectively.

For still other applications, the first stent-graft is shaped so as to define a superior

first lateral opening and an inferior first lateral opening. A proximal portion of the first

stent-graft, including a proximal end thereof, is positioned in the upper part of the

descending aorta; a middle portion of the first stent-graft is positioned in the aortic arch;

and a distal portion of the first stent-graft, including a distal end thereof, is positioned in

the left common carotid artery. The superior first lateral opening faces toward and is

aligned with the left subclavian artery, and the inferior first lateral opening is disposed

within the aortic arch facing upstream, generally toward the ascending aorta. It is noted

that this technique for positioning the first stent-graft readily accommodates the particular

anatomical location of the left common carotid artery.

The second stent-graft is advanced up the descending aorta, through a proximal

portion of the first-stent-graft, out of the superior first lateral opening, and into the left

subclavian artery. A proximal portion of the second stent-graft, including a proximal end

thereof, is positioned within the first stent-graft in the aortic arch, and a distal portion of

the second stent-graft, including a distal end thereof, is positioned in the left subclavian

artery. It is noted that this technique for positioning the second stent-graft readily

accommodates the particular anatomical location of the left common carotid artery.

The third stent-graft is advanced down the right subclavian artery and the

brachiocephalic artery into the upper part of the ascending aorta. A proximal portion of

the third stent-graft, including a proximal end thereof, is positioned within the

brachiocephalic artery, and a distal portion of the third stent-graft, including a distal end

thereof, is positioned in the aortic arch and/or the upper part of the ascending aorta. A

third lateral opening defined by the third stent-graft is disposed within the aortic arch

facing downstream, generally toward the descending aorta, such that the third lateral

opening faces and is aligned with the inferior first lateral opening of the first stent-graft.

It is noted that this technique for positioning the third stent-graft readily accommodates

the particular anatomical location of the brachiocephalic artery with respect to the left

subclavian artery and the left common carotid artery.

The fourth stent-graft is advanced up the descending aorta, through a proximal

portion of the first stent-graft, and out of the inferior first lateral opening. A distal portion



of the fourth stent-graft, including a distal end thereof, is positioned within the first stent-

graft; a proximal portion of the fourth stent-graft, including a proximal end thereof, is

positioned within third stent-graft 24; and a middle portion of fourth stent-graft 26 is

positioned in the aortic arch.

Although the multi-component stent-graft system is generally described herein as

being applicable for placement in the area of the thoracic aorta, for some applications the

stent-graft system is instead placed in another area of a main body lumen and one or more

branching body lumens, such as a main blood vessel and one or more branching blood

vessels. For some applications, a method for deploying the stent-graft system comprises

transvascularly introducing and positioning a first stent-graft such that a proximal portion

of the first stent-graft, including a proximal end of the first-stent-graft, is in a proximal

portion of a main blood vessel, a distal portion of the first stent-graft, including a distal

end of the first stent-graft, is in a branching blood vessel that branches from the main

blood vessel, and a first lateral opening defined by the first stent-graft is disposed within

the main blood vessel facing toward a distal portion of the main blood vessel; and

transvascularly introducing and passing a second stent-graft through the proximal portion

of the first stent-graft such that the second stent-graft is disposed through the first lateral

opening and is disposed partially in the distal portion of the main blood vessel, and forms

a blood-impervious seal with the first stent-graft around the first lateral opening.

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

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

a first generally tubular stent-graft, which is shaped so as to define a first lateral

opening when in a radially-expanded state;

a second generally tubular stent-graft, which is shaped so as to define a second

lateral opening when in a radially-expanded state, wherein the first and second stent-grafts

are configured such that the second stent-graft forms a blood-impervious seal with the

first stent-graft around the first lateral opening when the second stent-graft is disposed

therethrough, and the first and the second stent-grafts are in their radially-expanded states;

and

a third generally tubular stent-graft, which is configured to assume a radially-

expanded state, wherein the second and the third stent-grafts are configured such that the

third stent-graft forms a blood-impervious seal with the second stent-graft around the



second lateral opening when the third stent-graft is disposed therethrough, and the second

and third stent-grafts are in their radially-expanded states.

For some applications:

the first stent-graft includes a first generally tubular support element and a first

covering element attached to the first support element so as to at least partially cover the

first support element, and the first covering element and the first support element are

shaped so as to together define the first lateral opening through the first stent-graft when

the first stent-graft is in its radially-expanded state,

the second stent-graft includes a second generally tubular support element and a

second covering element attached to the second support element so as to at least partially

cover the second support element, and the second covering element and the second

support element are shaped so as to together define the second lateral opening through the

second stent-graft when the second stent-graft is in its radially-expanded state, and the

first and the second stent-grafts are configured such that the second covering element

forms the blood-impervious seal with the first covering element around the first lateral

opening when the second stent-graft is disposed therethrough, and the first and the second

stent-grafts are in their radially-expanded states, and

the third stent-graft includes a third generally tubular support element and a third

covering element attached to the third support element so as to at least partially cover the

third support element, and the second and the third stent-grafts are configured such that

the third covering element forms the blood-impervious seal with the second covering

element around the second lateral opening when the third stent-graft is disposed

therethrough, and the second and third stent-grafts are in their radially-expanded states.

For some applications, the first, the second, and the third covering elements are

not fixed to one another when the first, the second, and the third stent-grafts are in their

radially-compressed states. For some applications, when the third steht-graft is disposed

through the second lateral opening and the second and the third stent-grafts are in their

radially-expanded states: a proximal portion of the third support element is disposed

within the second stent-graft, and the third covering element does not fully cover the

proximal portion of the third support element, thereby allowing blood flow through the

second stent-graft.

For some applications, the second stent-graft is configured to transition, without



inverting, from a radially-compressed state to its radially-expanded state. For some

applications, the third stent-graft is configured to transition, without inverting, from a

radially-compressed state to its radially-expanded state.

For some applications, the first, the second, and the third stent-grafts are not fixed

to one other when in their radially-compressed states.

For some applications, the third stent-graft is adapted for transluminal delivery in

a radially-compressed state through, sequentially, (a) a portion of the first stent-graft, (b)

the first lateral opening, (c) a portion of the second stent-graft, and (d) the second lateral

opening, while the first and the second stent-grafts are in their radially-expanded states.

For some applications, the third stent-graft is shaped so as to define a third lateral

opening when in its radially-expanded state; the stent-graft system further includes a

fourth generally tubular stent-graft, which is configured to assume a radially-expanded

state; and the third and the fourth stent-grafts are configured such that the fourth stent-

graft forms a blood-impervious seal with the third stent-graft around the third lateral

opening when the fourth stent-graft is disposed therethrough, and the third and the fourth

stent-grafts are in their radially-expanded states.

For some applications:

the third covering element and the third support element are shaped so as to

together define the third lateral opening through the third stent-graft when the third stent-

graft is in its radially-expanded state,

the fourth stent-graft includes a fourth generally tubular support element and a

fourth covering element, which is attached to the fourth support element so as to at least

partially cover the fourth support element, and

the third and the fourth stent-grafts are configured such that the fourth covering

element forms the blood-impervious seal with the third covering element around the third

lateral opening when the fourth stent-graft is disposed therethrough, and the third and the

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

For some applications, the fourth covering element and the fourth support element

are not shaped so as to together define any lateral openings through the fourth stent-graft

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

For some applications, the first, the second, the third, and the fourth stent-grafts



are configured for transluminal delivery for transport to respective sites within a body

lumen when in radially-compressed states, and the fourth stent-graft is adapted for

transluminal delivery in its radially-compressed state through, sequentially, (a) a portion

of the first stent-graft, (b) the first lateral opening, (c) a portion of the second stent-graft,

(d) the second lateral opening, (e) a portion of the third stent-graft, and (f) the third lateral

opening, while the first, the second, and the third stent-grafts are in their radially-

expanded states.

For some applications, (a) a proximal portion of the first stent-graft, including a

proximal end of the first-stent-graft, is configured to be positioned in a proximal portion

of a main blood vessel, (b) a distal portion of the first stent-graft, including a distal end of

the first stent-graft, is configured to be positioned in a branching blood vessel that

branches from the main blood vessel, and (c) the first stent-graft is configured such that a

first lateral opening defined by the first stent-graft is disposed within the main blood

vessel facing toward a distal portion of the main blood vessel; and the second stent-graft

is configured to be disposed partially in the distal portion of the main blood vessel.

For some applications, the first stent-graft is shaped so as to define exactly one

first lateral opening when the first stent-graft is in its radially-expanded state.

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

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

a first generally tubular stent-graft, which, when unconstrained in a radially-

expanded state: (a) defines a first lateral opening, and (b) has a first perimeter of a first

end thereof that equals at least 200% of a second perimeter of a second end thereof; and

a second generally tubular stent-graft, which is configured to assume a radially-

expanded state, wherein the first and the second stent-grafts are configured such that the

second stent-graft forms a blood-impervious seal with the first stent-graft around the first

lateral opening when the second stent-graft is disposed therethrough, and the first and

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

For some applications:

the first stent-graft includes a first generally tubular support element and a first

covering element attached to the first support element so as to at least partially cover the

first support element, and the first covering element and the first support element are

shaped so as to together define the first lateral opening through the first stent-graft when



the first stent-graft is in its radially-expanded state, and

the second stent-graft includes a second generally tubular support element and a

second covering element attached to the second support element so as to at least partially

cover the second support element, and the first and the second stent-grafts are configured

such that the second covering element forms the blood-impervious seal with the first

covering element around the first lateral opening when the second stent-graft is disposed

therethrough, and the first and the second stent-grafts are in their radially-expanded states.

For some applications, the first perimeter equals at least 250% of the second

perimeter, such as at least 400% of the second perimeter. For some applications, the first

perimeter is between 2.5 and 4.5 cm, and the second perimeter is between 1 and 1.5 cm.

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

expanded state, a perimeter of the first lateral opening is at least 40% of the first

perimeter. For some applications, when the first stent-graft is unconstrained in its

radially-expanded state, a perimeter of the first lateral opening is at least 60% of the

second perimeter.

For some applications, the second stent-graft is configured to transition, without

inverting, from a radially-compressed state to its radially-expanded state.

For some applications:

the first lateral opening includes a superior first lateral opening and an inferior first

lateral opening,

the first stent-graft is shaped so as to define the superior first lateral opening facing

in a first radial direction, and the inferior first lateral opening facing a second radial

direction generally opposite the first radial direction, and

the first and the second stent-grafts are configured such that the second stent-graft

forms the blood-impervious seal with the first stent-graft around one of the superior and

inferior first lateral openings when the second stent-graft is disposed therethrough, and the

first and second stent-grafts are in their radially-expanded states.

For some applications, the first and the second stent-grafts are configured such

that the second stent-graft forms the blood-impervious seal with the first covering element

around the superior first lateral opening when the second stent-graft is disposed

therethrough, and the first and second stent-grafts are in their radially-expanded states.



For some applications, the first stent-graft is shaped so as to define exactly one

first lateral opening when the first stent-graft is in its radially-expanded state.

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

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

a first stent-graft, which is shaped so as to define, when in a radially-expanded

state, proximal and distal superior first lateral openings facing in a first radial direction,

and a distal inferior first lateral opening facing a second radial direction generally

opposite the first radial direction; and

second, third, and fourth branching stent-grafts, which are configured assume

radially-expanded states, wherein the first, the second, the third, and the fourth stent-grafts

are configured such that the branching stent-grafts form respective blood-impervious seals

with the first stent-graft around the distal inferior first lateral opening, the distal superior

first lateral opening, and the proximal superior first lateral opening, respectively, when the

branching stent-grafts are disposed therethrough, respectively, and the first, the second,

the third, and the fourth stent-grafts are in their radially-expanded states.

For some applications:

the first stent-graft includes a first generally tubular support element and a first

covering element attached to the first support element so as to at least partially cover the

first support element, and the first covering element and the first support element are

shaped so as to together define, when the first stent-graft is in its radially-expanded state,

the proximal and the distal superior first lateral openings facing in the first radial

direction, and the distal inferior first lateral opening facing the second radial direction,

and

the second, the third, and the fourth branching stent-grafts include respective

generally tubular branching support elements and respective branching covering elements,

attached to the branching support elements so as to at least partially cover the branching

support elements, and the first, the second, the third, and the fourth stent-grafts are

configured such that the branching covering elements form the respective blood-

impervious seals with the first covering element around the distal inferior first lateral

opening, the distal superior first lateral opening, and the proximal superior first lateral

opening, respectively, when the branching stent-grafts are disposed therethrough,

respectively, and the first, the second, the third, and the fourth stent-grafts are in their
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radially-expanded states.

For some applications, the distal inferior first lateral opening is not axially aligned

with either of the proximal or distal superior first lateral openings. For some applications,

the distal inferior first lateral opening does not axially overlap with either of the proximal

or distal superior first lateral openings.

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

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

a first stent-graft, which is shaped so as to define, when in a radially-expanded

state, a superior first lateral opening facing in a first radial direction, and an inferior first

lateral opening facing in a second radial direction generally opposite the first radial

direction;

a second stent-graft, which is configured to assume a radially-expanded state,

wherein the first and the second stent-grafts are configured such that the second stent-

graft forms a blood-impervious seal with the first stent-graft around the superior first

lateral opening when the second stent-graft is disposed therethrough, and the first and the

second stent-grafts are in their radially-expanded states;

a third stent-graft, which is shaped so as to define a third lateral opening through

the third stent-graft when the third stent-graft is in a radially-expanded state; and

a fourth stent-graft having first and second ends, which stent-graft is configured to

assume a radially-expanded state, wherein the first, the third, and the fourth stent-grafts

are configured such that, when the first, the third, and the fourth stent-grafts are in their

radially-expanded states, the fourth stent-graft forms blood-impervious seals with (a) the

first stent-graft around the inferior first lateral opening when the first end of the fourth

stent-graft is disposed therethrough, and (b) the third stent-graft around the third lateral

opening when the second end of the fourth stent-graft is disposed therethrough.

For some applications:

the first stent-graft includes a first generally tubular support element and a first

covering element attached to the first support element so as to at least partially cover the

first support element, and the first covering element and the first support element are

shaped so as to together define, when the first stent-graft is in its radially-expanded state,

the superior first lateral opening facing in the first radial direction, and the inferior first

lateral opening facing in the second radial direction,
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the second stent-graft includes a second generally tubular support element and a

second covering element attached to the second support element so as to at least partially

cover the second support element, and the first and the second stent-grafts are configured

such that the second covering element forms the blood-impervious seal with the first

covering element around the superior first lateral opening when the second stent-graft is

disposed therethrough, and the first and the second stent-grafts are in their radially-

expanded states,

the third stent-graft includes a third generally tubular support element and a third

covering element attached to the third support element so as to at least partially cover the

third support element, and the third covering element and the third support element are

shaped so as to together define the third lateral opening through the third stent-graft when

the third stent-graft is in its radially-expanded state, and

the fourth stent-graft includes a fourth generally tubular support element and a

fourth covering element attached to the fourth support element so as to at least partially

cover the fourth support element, and the first, the third, and the fourth stent-grafts are

configured such that, when the first, the third, and the fourth stent-grafts are in their

radially-expanded states, the fourth covering element forms the blood-impervious seals

with (a) the first covering element around the inferior first lateral opening when the first

end of the fourth stent-graft is disposed therethrough, and (b) the third covering element

around the third lateral opening when the second end of the fourth stent-graft is disposed

therethrough.

For some applications, the inferior first lateral opening is not axially aligned with

the superior first lateral opening. For some applications, the inferior first lateral opening

does not axially overlap with the superior first lateral opening.

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

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

a first stent-graft, which is configured to assume radially-expanded and radially-

compressed states;

a second stent-graft, which is configured to assume radially-expanded and

radially-compressed states; and

a delivery tool, which includes an outer tube, in which the first and the second

stent-grafts are initially positioned at respective axial sites within the outer tube, in their
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radially-compressed states without being fixed to each other.

For some applications, the first and second stent-grafts are initially positioned in

the outer tube such that at least one end of the first stent-graft is within a distance of a

distal end of the outer tube, which distance equals the sum of 2 cm and an axial length of

the first stent-graft; and the delivery tool is shaped so as to define first and second stopper

elements, which are configured and initially positioned to prevent movement of the first

and the second stent-grafts, respectively, in a proximal direction away from the distal end

of the outer tube. For some applications, an inner surface of the outer tube is shaped so as

to define the first and second stopper elements. For some applications, the delivery tool

further includes an inner longitudinal member, which is initially positioned such that first

and second portions thereof are within the first and the second stent-grafts, respectively,

and the inner longitudinal member is shaped so as to define the first and the second

stopper elements. For some applications, the inner longitudinal member is shaped so as to

define a lumen therethrough.

For some applications:

the first and the second stent-grafts are initially positioned in the outer tube such

that at least one end of the first stent-graft is within a distance of a distal end of the outer

tube, which distance equals the sum of 2 cm and an axial length of the first stent-graft,

the delivery tool further includes an inner longitudinal member, which is initially

positioned such that first and second portions thereof are within the first and the second

stent-grafts, respectively, and

the inner longitudinal member is shaped so as to define a stopper element, which

is:

configured and initially positioned to prevent movement of the first stent-

graft in a proximal direction away from the distal end of the outer tube, and

configured to be withdrawable in the proximal direction through the

second stent-graft, and after being thus withdrawn, to prevent movement of the

second stent-graft in the proximal direction.

For some applications, an inner surface of the outer tube is shaped so as to define

at least one pusher element, which is configured to prevent movement of at least one of

the first and the second stent-grafts in the proximal direction.

For some applications, the delivery tool further includes at least one pusher
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element, which is configured to prevent movement of at least one of the first and the

second stent-grafts in the proximal direction.

For some applications, the inner longitudinal member is shaped so as to define a

lumen therethrough.

For some applications, the first stent-graft is initially positioned in the outer tube

such that at least one end of the first stent-graft is within a distance of a distal end of the

outer tube, which distance equals the sum of 2 cm and an axial length of the first stent-

graft, and the second stent-graft is initially positioned in the outer tube such that the first

stent-graft is longitudinally between the distal end of the outer tube and the second stent-

graft.

For some applications, the first stent-graft is shaped so as to define a first lateral

opening. For some applications, the first stent-graft includes a first generally tubular

support element and a first covering element, which is attached to the first support

element so as to at least partially cover the first support element, and the first covering

element and the first support element are shaped so as to together define the first lateral

opening; the second stent-graft includes a second generally tubular support element and a

second covering element, which is attached to the second support element so as to at least

partially cover the second support element; and the first and the second stent-grafts are

configured such that the second covering element forms a blood-impervious seal with the

first covering element around the first lateral opening when the second stent-graft is

disposed therethrough, and the first and the second stent-grafts are in their radially-

expanded states.

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

disposed through the first lateral opening and the first and the second stent-grafts are in

their radially-expanded states: a proximal portion of the second support element may be

disposed within the first stent-graft, and the second covering element may not fully cover

the proximal portion of the second support element, thereby allowing blood flow through

the first stent-graft. For some applications, an axial portion of the proximal portion of the

second support element having a length of at least 1 cm has a perimeter that is at least

10% greater than a perimeter of a portion of the first stent-graft in which the proximal

portion of the second support element is disposed, when the first and second stent-grafts

are in their radially-expanded states. For some applications, the second covering element



is configured to cover a distal sub-portion, and not a proximal sub-portion, of the

proximal portion of the second support element.

For any of the applications described above, a proximal end of the second stent-

graft may be flared radially outward in a proximal direction, when the second stent-graft

is in its radially-expanded state.

For any of the applications described above, a section of the second covering

element may extend through the first lateral opening and into a portion of the first stent-

graft when the second stent-graft is disposed through the first lateral opening.

For any of the applications described above, the second stent-graft may have a

generally cylindrical shape when the second stent-graft is unconstrained in its radially-

expanded state.

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

may be configured for transluminal delivery for transport to respective sites within a body

lumen when in their radially-compressed states. For some applications, the second stent-

graft is adapted for transluminal delivery in its radially-compressed state through a portion

of the first stent-graft and the first lateral opening, while the first stent-graft is in its

radially-expanded state.

For any of the applications described above, the first covering element only

partially covers the first support element.

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

include one or more radiopaque markers, located in a vicinity of the first lateral opening.

For any of the applications described above, at least one of the first and the second

support elements may be shaped so as to define one or more circumferentially-disposed,

radially-protruding barbs, when the at least one of the first and second support elements is

in its radially-expanded state.

For any of the applications described above, an axial length of the first stent-graft

may be between 5 and 30 cm, when the first stent-graft is unconstrained in its radially-

expanded state. For any of the applications described above, an axial length of the second

stent-graft may be between 5 and 20 cm, when the second stent-graft is unconstrained in

its radially-expanded state. For any of the applications described above, a greatest

perimeter of the first stent-graft may be between 4.5 and 19 cm, when the first stent-graft



is unconstrained in its radially-expanded state. For any of the applications described

above, a greatest perimeter of the second stent-graft may be between 9 and 22 cm, when

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

For any of the applications described above, a perimeter of one end of the first

stent-graft may be between 7.5 and 15 cm, when the first stent-graft is unconstrained in its

radially-expanded state. For any of the applications described above, a perimeter of one

end of the second stent-graft may be between 5 and 15.4 cm, when the second stent-graft

is unconstrained in its radially-expanded state.

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

a method for treating a patient, including:

transvascularly introducing and positioning a first stent-graft, which is shaped so

as to define one or more first lateral openings, such that (a) a proximal portion of the first

stent-graft, including a proximal end of the first-stent-graft, is in a proximal portion of a

main blood vessel, (b) a distal portion of the first stent-graft, including a distal end of the

first stent-graft, is in a branching blood vessel that branches from the main blood vessel at

a bifurcation, and (c) one of the one or more first lateral openings is disposed within the

main blood vessel facing toward a distal portion of the main blood vessel, which distal

portion is distal to the bifurcation; and

transvascularly introducing and passing a second stent-graft through the proximal

portion of the first stent-graft such that the second stent-graft is disposed through the first

lateral opening and is disposed partially in the distal portion of the main blood vessel, and

forms a blood-impervious seal with the first stent-graft around the first lateral opening.

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

invention, a method for treating a patient, including:

transvascularly introducing and positioning a first stent-graft, which is shaped so

as to define one or more first lateral openings, such that (a) a proximal portion of the first

stent-graft, including a proximal end of the first-stent-graft, is in an upper part of a

descending aorta, (b) a distal portion of the first stent-graft, including a distal end of the

first stent-graft, is in a branch of an aortic arch, and (c) one of the one or more first lateral

openings is disposed within the aortic arch facing upstream, generally toward an

ascending aorta; and

transvascularly introducing and passing a second stent-graft through the proximal



portion of the first stent-graft such that the second stent-graft is disposed through the one

of the one or more first lateral openings and is disposed partially in the aortic arch, and

forms a blood-impervious seal with the first stent-graft around the one of the one or more

first lateral openings.

For some applications, the branch is a left subclavian artery, and positioning the

first stent-graft includes positioning the first stent-graft such that the distal portion of the

first stent-graft, including the distal end of the first stent-graft, is in the left subclavian

artery. For some applications, passing includes passing the second stent-graft through the

proximal portion of the first stent-graft such that the second stent-graft is disposed

through the one of the one or more first lateral openings and is disposed partially in the

aortic arch, and a distal portion of the second stent-graft, including a distal end of the

second stent-graft, is in a left common carotid artery.

For some applications:

the branch is a brachiocephalic artery,

the first lateral openings include proximal and distal superior first lateral openings,

and a distal inferior first lateral opening,

positioning the first stent-graft includes positioning the first stent-graft such that

(a) the distal portion of the first stent-graft, including the distal end of the first stent-graft,

is in the brachiocephalic artery, (b) the distal inferior first lateral opening faces upstream,

generally toward the ascending aorta, and (c) the proximal and the distal superior first

lateral openings face and are aligned with a left subclavian artery and a left common

carotid artery, respectively, and

passing the second stent-graft includes passing the second stent-graft through the

proximal portion of the first stent-graft such that the second stent-graft is disposed

through the distal inferior first lateral opening and is disposed partially in the distal

portion of the main blood vessel.

For some applications, the method further includes transvascularly introducing and

positioning third and fourth stent-grafts through the proximal portion of the first stent-

graft such the third and fourth stent-grafts are disposed through the proximal and the distal

superior first lateral openings, respectively, and are disposed partially in the left

subclavian artery and the left common carotid artery, respectively, and form blood-

impervious seals with the first stent-graft around the proximal and the distal superior first



lateral openings, respectively.

For some applications:

the branch is a left common carotid artery,

the first lateral openings include a superior first lateral opening and an inferior first

lateral opening,

positioning the first stent-graft includes positioning the first stent-graft such that

(a) the distal portion of the first stent-graft, including the distal end of the first stent-graft,

is in the left common carotid artery, (b) the inferior first lateral opening faces upstream,

generally toward the ascending aorta, and (c) the superior first lateral opening faces and is

aligned with a left subclavian artery, and

further including transvascularly introducing a third stent-graft via a right

subclavian artery, and positioning the third stent-graft such that a proximal portion of the

third stent-graft, including a proximal end of the third stent-graft is disposed in a

brachiocephalic artery, and a distal portion of the third stent-graft, including a proximal

end of the third-stent graft, is disposed in a portion of at least one blood vessel selected

from the group consisting of: the aortic arch, and an upper part of an ascending aorta, and

a third lateral opening defined by the third stent-graft faces upstream, generally toward the

descending aorta,

passing the second stent-graft includes passing the second stent-graft through the

proximal portion of the first stent-graft such that the second stent-graft is disposed

through the inferior first lateral opening and the third lateral opening, and is disposed

partially in the aortic arch.

For some applications, the method further includes transvascularly introducing and

positioning a fourth stent-graft through the proximal portion of the first stent-graft such

the fourth stent-graft is disposed through the superior first lateral opening, and is disposed

partially in the left subclavian artery, and forms a blood-impervious seal with the first

stent-graft around the superior first lateral opening.

For some applications, transvascularly introducing the first and the second stent-

grafts includes separately transvascularly introducing the first and the second stent-grafts

while they are not fixed to one another.

For some applications:

transvascularly introducing the first stent-graft includes transvascularly



introducing the first stent-graft while in a radially-compressed state, and transitioning the

first stent-graft to a radially-expanded state after positioning the first stent-graft,

transvascularly introducing the second stent-graft includes transvascularly

introducing the second stent-graft while in a radially-compressed state,

passing the second stent-graft including passing the second stent-graft, while in its

radially-compressed state, through the proximal portion after the first stent-graft has been

transitioned to its radially-expanded state, and

the method further includes, after passing the second stent-graft, transitioning,

without inverting, the second stent-graft from a radially-compressed state to a radially-

expanded state.

For some applications, transitioning the first stent-graft includes transitioning the

first stent-graft to its radially-expanded state in which a first perimeter of a first end of the

first stent-graft equals at least 200% of a second perimeter of a second end of the first

stent-graft, such as at least 250%, or at least 400%. For some applications, the first

perimeter is between 2.5 and 4.5 cm, and the second perimeter is between 1 and 1.5 cm.

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

suffers from a thoracic aortic aneurysm of an aortic arch, and transvascularly introducing

the first stent-graft includes transvascularly introducing the first stent-graft responsively to

the identifying.

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

invention, a method for treating a patient, including:

transvascularly introducing and positioning a first stent into vasculature of the

patient;

transvascularly introducing and passing a second stent through a portion of the

first stent such that the second stent is disposed through a first lateral opening defined by

the first stent; and

transvascularly introducing and passing a third stent sequentially through (a) the

portion of the first stent, (b) the first lateral opening, and (c) a portion of the second stent,

such that the third stent is disposed through a second lateral opening defined by the

second stent.

For some applications, the first and second stents include respective first and

second support elements and respective first and second covering elements attached to the



first and second support elements, respectively, and passing the second stent includes

disposing the second stent through the first lateral opening such that the second covering

element forms a blood-impervious seal with the first covering element around the first

lateral opening.

For some applications, the second and third stents include respective second and

third support elements and respective second and third covering elements attached to the

second and third support elements, respectively, and passing the third stent includes

disposing the third stent through the second lateral opening such that the third covering

element forms a blood-impervious seal with the second covering element around the

second lateral opening.

For some applications, transvascularly introducing the first, the second, and the

third stent includes separately transvascularly introducing the first, the second, and the

third stent while they are not fixed to one another.

For some applications, passing the third stent includes passing the third stent while

the first and the second stent are in radially-expanded states, and the third stent is in a

radially-compressed state.

For some applications, the method further includes transvascularly introducing and

passing a fourth stent sequentially through (a) the portion of the first stent, (b) the first

lateral opening, (c) the portion of the second stent, (d) the second lateral opening, and (e)

a portion of the third stent, such that the fourth stent is disposed through a third lateral

opening defined by the third stent. For some applications, passing the fourth stent

includes passing the fourth stent while the first, the second, and the third stent are in

radially-expanded states, and the fourth stent is in a radially-compressed state.

For some applications:

positioning the first stent includes positioning the first stent such that (a) a

proximal portion of the first stent, including a proximal end of the first-stent, is in a

proximal portion of a main blood vessel, (b) a distal portion of the first stent, including a

distal end of the first stent, is in a branching blood vessel that branches from the main

blood vessel at a bifurcation, and (c) the first lateral opening is disposed within the main

blood vessel facing toward a distal portion of the main blood vessel, which distal portion

is distal to the bifurcation, and

passing the second stent includes passing the second stent through the portion of



the first stent such that the second stent is disposed through the first lateral opening and is

disposed partially in the distal portion of the main blood vessel.

For some applications:

the main blood vessel is an aorta, the branching blood vessel is a branch of an

aortic arch, and the distal portion of the main body lumen is a portion of the aortic arch,

positioning the first stent includes positioning the first stent such that the proximal

portion of the first stent, including the proximal end of the first-stent, is in an upper part of

a descending aorta, the distal portion of the first stent, including the distal end of the first

stent, is in the branch of the aortic arch, and the first lateral opening faces upstream,

generally toward an ascending aorta, and

passing includes passing the second stent through the proximal portion of the first

stent such that the second stent is disposed through the first lateral opening and is

disposed partially in the aortic arch.

For some applications, the branch is a left subclavian artery, and positioning the

first stent includes positioning the first stent such that the distal portion of the first stent,

including the distal end of the first stent, is in the left subclavian artery. For some

applications, passing includes passing the second stent through the proximal portion of the

first stent such that the second stent is disposed through the first lateral opening and is

disposed partially in the aortic arch, and a distal portion of the second stent, including a

distal end of the second stent, is in a left common carotid artery.

For some applications:

transvascularly introducing the first stent includes transvascularly introducing the

first stent while in a radially-compressed state, and transitioning the first stent to a

radially-expanded state after positioning the first stent,

transvascularly introducing the second stent includes transvascularly introducing

the second stent while in a radially-compressed state,

passing the second stent including passing the second stent, while in its radially-

compressed state, through the proximal portion after the first stent has been transitioned to

its radially-expanded state, and

the method further includes, after passing the second stent, transitioning, without

inverting, the second stent from a radially-compressed state to a radially-expanded state.

For some applications, transitioning the first stent includes transitioning the first



stent to its radially-expanded state in which a first perimeter of a first end of the first stent

equals at least 200% of a second perimeter of a second end of the first stent, such as at

least 250% or at least 400%. For some applications, the first perimeter is between 7.5 and

15 cm, and the second perimeter is between 2.5 and 5.7 cm.

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

suffers from a thoracic aortic aneurysm of an aortic arch, and transvascularly introducing

the first stent includes transvascularly introducing the first stent responsively to the

identifying.

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

invention, a method including:

transvascularly introducing, into vasculature of a patient, a delivery tool, which

includes an outer tube, in which first and second stents are initially positioned at

respective axial sites within the outer tube, in radially-compressed states without being

fixed to each other;

deploying the first stent from a distal end of the outer tube, such that the first stent

transitions to a radially-expanded state; and

after the first stent transitions to the radially-expanded state, deploying the second

stent from the distal end of the outer tube, such that the second stent transitions to a

radially-expanded state.

For some applications:

the delivery tool is shaped so as to define first and second stopper elements, which

are configured and initially positioned to prevent movement of the first and second stents,

respectively, in a proximal direction away from the distal end of the outer tube,

deploying the first stent includes withdrawing, in the proximal direction, the outer

tube, such that the first stopper element prevents the movement of the first stent in the

proximal direction, and

deploying the second stent includes withdrawing the outer tube in the proximal

direction, such that the second stopper element prevents the movement of the second stent

in the proximal direction.

For some applications, an inner surface of the outer tube is shaped so as to define

the first and second stopper elements.



For some applications, the delivery tool further includes an inner longitudinal

member, which is initially positioned such that first and second portions thereof are within

the first and second stents, respectively, and the inner longitudinal member is shaped so as

to define the first and second stopper elements.

For some applications:

the delivery tool further includes an inner longitudinal member, which is initially

positioned such that first and second portions thereof are within the first and second

stents, respectively,

the inner longitudinal member is shaped so as to define a stopper element, which

is (a) configured and initially positioned to prevent movement of the first stent in a

proximal direction away from the distal end of the outer tube, and (b) configured to be

withdrawable in the proximal direction through the second stent, and after being thus

withdrawn, to prevent movement of the second stent in the proximal direction,

deploying the first stent includes withdrawing the outer tube in the proximal

direction, such that the stopper element prevents the movement of the first stent in the

proximal direction, and

deploying the second stent includes:

withdrawing the inner longitudinal member in the proximal direction, such

that the stopper element passes through the second stent; and

withdrawing the outer tube in the proximal direction, such that the stopper

element prevents the movement of the second stent in the proximal direction.

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

invention, a method for treating a patient, including:

transvascularly introducing a stent-graft into vasculature of the patient; and

positioning the stent-graft such that (a) a proximal portion of the stent-graft,

including a proximal end of the first-stent-graft, is in a brachiocephalic artery, (b) a distal

portion of the stent-graft, including a distal end of the stent-graft, is disposed in a portion

of at least one blood vessel selected from the group consisting of: an aortic arch, and an

upper part of an ascending aorta, and (c) a lateral opening defined by the stent-graft is

disposed in the aortic arch facing generally toward a descending aorta.

For some applications, the stent-graft is a first stent-graft, and further including

transvascularly introducing and positioning a second stent-graft through the lateral



opening, such that the second stent-graft forms a blood-impervious seal with the first

stent-graft around the lateral opening.

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

a method for assembling a multi-component stent-graft system, the method including:

providing (a) a first generally tubular stent-graft, which is shaped so as to define a

first lateral opening when the first stent-graft is in a radially-expanded state, (b) a second

generally tubular stent-graft, which is shaped so as to define a second lateral opening

when the second stent-graft is in a radially-expanded state, and (c) a third generally

tubular stent-graft;

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the first lateral

opening, and causing the second stent-graft to transition to its radially-expanded state,

such that the second stent-graft forms a blood-impervious seal with the first stent-graft

around the first lateral opening; and

while the second stent-graft is in its radially-expanded state and the third stent-

graft is in a radially-compressed state, disposing the third stent-graft through the second

lateral opening, and causing the third stent-graft to transition to a radially-expanded state,

such that the third stent-graft forms a blood-impervious seal with the second stent-graft

around the second lateral opening.

For some applications, the third stent-graft is shaped so as to define a third lateral

opening when in its radially-expanded state, and the method further includes:

providing a fourth generally tubular stent-graft; and

while the third stent-graft is in its radially-expanded state and the fourth stent-graft

is in a radially-compressed state, disposing the fourth stent-graft through the third lateral

opening, and causing the fourth stent-graft to transition to a radially-expanded state, such

that the fourth stent-graft forms a blood-impervious seal with the third stent-graft around

the third lateral opening.

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

invention, a method for assembling a multi-component stent-graft system, the method

including:

providing (a) a first generally tubular stent-graft, which, when unconstrained in a

radially-expanded state: (i) defines a first lateral opening, and (ii) has a first perimeter of a



first end thereof that equals at least 200% of a second perimeter of a second end thereof,

and (b) a second generally tubular stent-graft; and

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the first lateral

opening, and causing the second stent-graft to transition to a radially-expanded state, such

that the second stent-graft forms a blood-impervious seal with the first stent-graft around

the first lateral opening.

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

invention, a method for assembling a multi-component stent-graft system, the method

including:

providing (a) a first stent-graft, which is shaped so as to define, when in a radially-

expanded state, proximal and distal superior first lateral openings facing in a first radial

direction, and a distal inferior first lateral opening facing a second radial direction

generally opposite the first radial direction, and (b) second, third, and fourth branching

stent-grafts; and

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the distal

inferior first lateral opening, and causing the second stent-graft to transition to a radially-

expanded state, such that the second stent-graft forms a blood-impervious seal with the

first stent-graft around the distal inferior first lateral opening;

while the first stent-graft is in its radially-expanded state and the third stent-graft is

in a radially-compressed state, disposing the third stent-graft through the distal superior

first lateral opening, and causing the third stent-graft to transition to a radially-expanded

state, such that the third stent-graft forms a blood-impervious seal with the first stent-graft

around the distal superior first lateral opening; and

while the first stent-graft is in its radially-expanded state and the fourth stent-graft

is in a radially-compressed state, disposing the fourth stent-graft through the proximal

superior first lateral opening, and causing the fourth stent-graft to transition to a radially-

expanded state, such that the fourth stent-graft forms a blood-impervious seal with the

first stent-graft around the proximal superior first lateral opening.

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

invention, a method for assembling a multi-component stent-graft system, the method



including:

providing (a) a first stent-graft, which is shaped so as to define, when in a radially-

expanded state, a superior first lateral opening facing in a first radial direction, and an

inferior first lateral opening facing in a second radial direction generally opposite the first

radial direction, (b) a second stent-graft, (c) a third stent-graft, which is shaped so as to

define a third lateral opening through the third stent-graft when the third stent-graft is in a

radially-expanded state, and (d) a fourth stent-graft;

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the superior

first lateral opening, and causing the second stent-graft to transition to a radially-expanded

state, such that the second stent-graft forms a blood-impervious seal with the first stent-

graft around the superior first lateral opening; and

while the first and the third stent-grafts are in their radially-expanded states and

the fourth stent-graft is in a radially-compressed state, disposing first and second ends of

the fourth stent-graft through the inferior first lateral opening and the third lateral opening,

respectively, and causing the fourth stent-graft to transition to a radially-expanded state,

such that the fourth stent-graft forms blood-impervious seals with the first stent-graft

around the inferior first lateral opening and the third stent-graft around the third lateral

opening.

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-C are schematic illustrations of a multi-component stent-graft system, in

accordance with respective applications of the present invention;

Fig. 2 is a schematic illustration of the multi-component stent-graft system of Figs.

1-C in an assembled state, in accordance with an application of the present invention;

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

procedure for implanting the multi-component stent-graft system of Figs. 1A, IB, 1C,

and/or 2, in accordance with an application of the present invention;

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

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



invention;

Fig. 5 is a schematic illustration of the multi-component stent-graft system of Fig.

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

Figs. 6A-H are schematic illustrations of an exemplary transluminal delivery

procedure for implanting the multi-component stent-graft system of Figs. 4 and 5, in

accordance with an application of the present invention;

Fig. 7 is a schematic illustration of another configuration of the multi-component

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

invention;

Fig. 8 is a schematic illustration of multi-component stent-graft system of Fig. 7 in

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

Figs. 9A-G are schematic illustrations of an exemplary transluminal delivery

procedure for implanting the multi-component stent-graft system of Figs. 7 and 8, in

accordance with an application of the present invention;

Fig. 9H is a schematic illustration of an alternative configuration and deployment

of a multi-component stent-graft system, in accordance with an application of the present

invention;

Fig. 10 is a schematic illustration of first and second stent-grafts initially

positioned within an outer tube of a delivery tool, in accordance with an application of the

present invention;

Figs. 11A-E are schematic illustrations showing the deployment of the first and

second stent-grafts using the deployment tool of Fig. 10, in accordance with an

application of the present invention; and

Figs. 12A-C are schematic illustrations of another configuration of the delivery

tool of Fig. 10, in accordance with an application of the present invention.

DETAILED DESCRIPTION OF APPLICATIONS

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

system 10 is provided for treating a thoracic aortic aneurysm 110, such as of the aortic

arch. The system is configured to be deployed in the thoracic aorta and in one or more of

the branches of the aortic arch (the brachiocephalic artery, the left common carotid artery,



and/or the left subclavian artery).

The multi-component stent-graft system is configured to be deployed in a

straightforward procedure that readily accommodates ordinary anatomical variances

among different patients. For example, the locations of bifurcations of the three branches

of the aortic arch vary among patients. The stent-grafts of the system are assembled in

situ to accommodate the dimensions of the particular patient's anatomy, generally without

requiring prior customization of the stent-grafts or in situ modifications to the stent-grafts,

which might be expensive and/or complex.

Typically, upon deployment, the multi-component stent-graft system defines a

blood-flow path from the ascending aorta, over the aortic arch, and to the descending

aorta. The multi-component stent-graft system additionally provides blood-flow paths to

the three branches of the aortic arch.

The multi-component stent-graft system may have various configurations, and

may be deployed in various combinations and subsets of the aortic arch, ascending aorta,

descending aorta, and three branches of the aortic arch. Hereinbelow are described three

exemplary high-level configurations of the stent-graft system, each of which includes

numerous sub-configurations. For the sake of convenience, and without limiting the

features of these configurations, the three exemplary configurations are referred to

hereinbelow as: (1) a "first stent-graft having a single lateral opening," (2) a "first stent-

graft having three lateral openings," and (3) a "first stent-graft having two lateral

openings."

FIRST STENT-GRAFT HAVING A SINGLE LATERAL OPENING

Figs. 1A-C are schematic illustrations of multi-component stent-graft system 10,

in accordance with respective applications of the present invention. In these applications,

multi-component stent-graft system 10 comprises (a) a first stent-graft 20, (b) a second

stent-graft 22, (c) optionally, a third stent-graft 24, and (d) optionally, a fourth stent-graft

26. The stent-grafts are configured to assume radially-compressed states, such as when

initially positioned in one or more outer tubes of one or more delivery tools, as described

hereinbelow with reference to Figs. 3B, 3E, 3H, and 3K, and to assume radially-expanded

states upon being deployed from the outer tube(s), as described hereinbelow with

reference to Figs. 3C, 3F, 31, and 3L. Figs. 1A-C show the stent-grafts in their radially-



expanded states. 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 their radially-expanded states.

The first stent-graft

First stent-graft 20 typically comprises a first generally tubular support element 30

and a first covering element 32 attached to the first support element so as to at least

partially cover (e.g., only partially cover) the first support element. Support element 30

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 element 30, as well as support elements 40, 50, and 60, which are described

hereinbelow, comprise a super-elastic alloy, such as Nitinol. Covering element 32 serves

as a blood flow guide through at least a portion of the first stent-graft. Each of covering

element 32, as well as covering elements 42, 52, and 62, which are 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 respective support element, on either side of the surfaces defined by the support

element. 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.

First covering element 32 and first support element 30 are shaped so as to together

define a first lateral opening 34 through first stent-graft 20 when the first stent-graft is in

its radially-expanded state. For some applications, the first covering element and first

support element are shaped so as to together define exactly one first lateral opening, as

shown in Figs. 1A-C. For other applications, the first covering element and first support

element are shaped so as to together define more than one first lateral opening, such as

exactly three lateral openings or exactly two lateral openings, as described hereinbelow

with reference to Figs. 4-5 and 6-7, respectively, or more than three lateral openings

(configuration not shown).

For some applications, when first stent-graft 20 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, a first perimeter P I of a first (proximal) end 36 of the first

stent-graft is greater than a second perimeter P2 of a second (distal) end 38 of the first

stent-graft, and/or a first cross-sectional area of the first end 36 is greater than a second

cross-sectional area of second end 38. For applications in which first stent-graft 20 is

generally cylindrical when unconstrained in its radially-expanded state, first and second

perimeters P I and P2 are first and second diameters. For example, first perimeter P I may

equal at least 150% of second perimeter P2, such as at least 200%, at least 250%, at least

300%, or at least 400%, and/or the first cross-sectional area may equal at least 225% of

the second cross-sectional area, such as at least 400%, at least 625%, at least 900%, or at

least 1600%. For some applications, a proximal axial quarter of first-stent graft 20

includes a portion of the stent-graft extending from first proximal end 36 along 25% of an

axial length of the stent-graft, and a distal axial quarter of the first stent-graft includes a

portion of the stent-graft extending from second distal end 38 along 25% of the axial

length of the stent-graft. For some applications, an average perimeter of the proximal

axial quarter equals at least 150% of an average perimeter of the distal axial quarter, such

as at least 200%, at least 250%, at least 300%, or at least 400%.

For example, first perimeter PI may be at least 7.5 cm, no more than 15 cm,

and/or between 7.5 and 15 cm, such as at least 9 cm, no more than 13 cm, and/or between

9 and 13 cm, and second perimeter P2 may be at least 2.5 cm, no more than 5.7 cm,

and/or between 2.5 and 5.7 cm, such as at least 3 cm, no more than 4.5 cm, and/or

between 3 and 4.5 cm.

For some applications, when first stent-graft 20 is unconstrained in its radially-

expanded state, a perimeter of first lateral opening 34 is at least 4.5 cm, no more than 14

cm, and/or between 4.5 and 14 cm, such as at least 6 cm, no more than 12.5 cm, and/or

between 6 and 12.5 cm.

For some applications, when first stent-graft 20 is unconstrained in its radially-

expanded state, a perimeter of first lateral opening 34 is at least 30%, e.g., at least 40%, or

at least 75% of first perimeter PI, and/or at least 83%, e.g., at least 100%, or at least 200%

of second perimeter P2. For some applications in which first perimeter PI does not equal

second perimeter P2, the perimeter of first lateral opening 34 is at least 60% of the lesser

of first and second perimeters P I and P2.

For some applications, first stent-graft 20, when unconstrained in its radially-



expanded state, has an axial length of at least 5 cm, no more than 40 cm, and/or between 5

and 30 cm, such as at least 10 cm, no more than 30 cm, and/or between 10 and 30 cm.

(The axial length is measured along a central longitudinal axis of the stent-graft, including

in applications in which the stent-graft is curved, as described hereinbelow with reference

to Fig. IB.) For some applications, first stent-graft 20, when unconstrained in its radially-

expanded state, has a greatest perimeter (at any axial location along the stent-graft) of at

least 4.5 cm, no more than 19 cm, and/or between 4.5 and 19 cm, such as at least 12.5 cm,

no more than 16 cm, and/or between 12.5 and 16 cm.

For some applications, such dimensions allow the first stent-graft to be positioned

such that (a) a proximal, radially larger, portion of the stent-graft, including proximal end

36 thereof, is disposed in the aorta downstream from the bifurcation with the left

subclavian artery, at least partially in the upper part of the descending aorta, and (b) a

distal, radially smaller, portion of the stent-graft, including distal end 38 thereof, is

disposed in the left subclavian artery, such as described hereinbelow with reference to

Fig. 3C. For some applications, the proximal portion of the stent-graft has an average

perimeter that is greater than (e.g., between 5% and 15% greater than) an average

perimeter of the portion of the aorta in which it is disposed (excluding expansion of the

aorta due to the aneurysm, i.e., assuming the aorta were healthy). For some applications,

the distal portion of the stent-graft has an average perimeter that is greater than (e.g.,

between 5% and 15% greater than) the average perimeter of the portion of the left

subclavian artery in which it is disposed.

The second stent-graft

Second stent-graft 22 typically comprises a second generally tubular support

element 40 and a second covering element 42 attached to the second support element so

as to at least partially cover the second support element. Support element 40 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). Covering element 42 serves as a blood flow

guide through at least a portion of the second stent-graft.

For applications in which multi-component stent-graft system 10 further

comprises third stent-graft 24, second covering element 42 and second support element 40



are typically shaped so as to together define a second lateral opening 44 through second

stent-graft 22 when the second stent-graft is in its radially-expanded state. The second

stent-graft is typically configured to transition, without inverting, from its radially-

compressed state to its radially-expanded state, typically upon being deployed from an

outer tube of a deployment tool, such as described hereinbelow with reference to Fig. 3F.

For some applications, when second stent-graft 22 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, a third perimeter P3 of a first (proximal) end 46 of the second

stent-graft may be at least 5 cm, no more than 15.4 cm, and/or between 5 and 15.4 cm,

and a fourth perimeter P4 of a second (distal) end 48 of the second stent-graft may be at

least 2.5 cm, no more than 5.7 cm, and/or between 2.5 and 5.7 cm. For applications in

which second stent-graft 22 is generally cylindrical when unconstrained in its radially-

expanded state, third and fourth perimeters P3 and P4 are third and fourth diameters. For

some applications, third and fourth perimeters P3 and P4 are equal.

For some applications, when second stent-graft 22 is unconstrained in its radially-

expanded state, a perimeter of second lateral opening 44 is at least 4.5 cm, no more than

14 cm, and/or between 4.5 and 14 cm, such as at least 6 cm, no more than 12.5 cm, and/or

between 6 and 12.5 cm.

For some applications, second stent-graft 22, when unconstrained in its radially-

expanded state, has an axial length of at least 5 cm, no more than 20 cm, and/or between 5

and 20 cm, such as at least 8 cm, no more than 15 cm, and/or between 8 and 15 cm. (The

axial length is measured along a central longitudinal axis of the stent-graft, including in

applications in which the stent-graft is curved, as described hereinbelow with reference to

Fig. IB.) For some applications, second stent-graft 22, when unconstrained in its radially-

expanded state, has a greatest perimeter (at any axial location along the stent-graft) of at

least 9 cm, no more than 22 cm, and/or between 9 and 22 cm, and/or at least 12 cm, no

more than 19 cm, and/or between 12 and 19 cm.

For some applications, such dimensions allow the second stent-graft to be

positioned such that (a) a proximal portion of the stent-graft is disposed within the lateral

opening 34 of the first stent-graft, and (b) a distal portion of the stent-graft, including

distal end 48 thereof, is disposed in a left common carotid artery, such as described

hereinbelow with reference to Fig. 3F. For some applications, the proximal portion of the



stent-graft has an average perimeter that is less than (e.g., between 40% and 70% less

than) an average perimeter of the portion of the aortic arch in which it is disposed

(excluding expansion of the aortic arch due to the aneurysm, i.e., assuming the aortic arch

were healthy). For some applications, the distal portion of the stent-graft has an average

perimeter that is greater than (e.g., between 5% and 15% greater than) the average

perimeter of the portion of the left common carotid artery in which it is disposed.

The third stent-graft

For applications in which multi-component stent-graft system 10 further

comprises third stent-graft 24, the third stent-graft typically comprises a third generally

tubular support element 50 and a third covering element 52 attached to the third support

element so as to at least partially cover the third support element. Support element 50

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). Covering element 52 serves

as a blood flow guide through at least a portion of the third stent-graft.

For applications in which multi-component stent-graft system 10 further

comprises fourth stent-graft 26, third covering element 52 and third support element 50

are typically shaped so as to together define a third lateral opening 54 through third stent-

graft 24 when the third stent-graft is in its radially-expanded state. The third stent-graft is

typically configured to transition, without inverting, from its radially-compressed state to

its radially-expanded state, typically upon being deployed from an outer tube of a

deployment tool, such as described hereinbelow with reference to Fig. 31.

For some applications, when third stent-graft 24 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, a fifth perimeter P5 of a first end 56 of the third stent-graft

may be at least 5.5 cm, no more than 17 cm, and/or between 5.5 and 17 cm, and a sixth

perimeter P6 of a second end 58 of the third stent-graft may be at least 2.75 cm, no more

than 6.3 cm, and/or between 2.75 and 6.3 cm. For applications in which third stent-graft

24 is generally cylindrical when unconstrained in its radially-expanded state, fifth and

sixth perimeters P5 and P6 are fifth and sixth diameters. For some applications, fifth and

sixth perimeters P5 and P6 are equal.



For some applications, when third stent-graft 24 is unconstrained in its radially-

expanded state, a perimeter of third lateral opening 54 is at least 4.5 cm, no more than 14

cm, and/or between 4.5 and 14 cm, such as at least 4.5 cm, no more than 12 cm, and/or

between 4.5 and 12 cm.

For some applications, third stent-graft 24, when unconstrained in its radially-

expanded state, has an axial length of at least 8.8 cm, or more than 16.5 cm, and/or

between 8.8 and 16.5 cm. (The axial length is measured along a central longitudinal axis

of the stent-graft, including in applications in which the stent-graft is curved, as described

hereinbelow with reference to Fig. IB.) For some applications, third stent-graft 24, when

unconstrained in its radially-expanded state, has a greatest perimeter (at any axial location

along the stent-graft) of at least 4.4 cm, no more than 7.7 cm, and/or between 4.4 and 7.7

cm, such as at least 3.3 cm, no more than 6.6 cm, and/or between 3.3 and 6.6 cm.

For some applications, such dimensions allow the third stent-graft to be positioned

such that (a) a proximal portion of the stent-graft is disposed in the aortic arch, and (b) a

distal portion of the stent-graft, including distal end 58 thereof, is disposed in a

brachiocephalic artery, such as described hereinbelow with reference to Fig. 31. For some

applications, the proximal portion of the stent-graft has an average perimeter that is less

than (e.g., between 40% and 70% less than) an average perimeter of the portion of the

aortic arch in which it is disposed (excluding expansion of the aortic arch due to the

aneurysm, i.e., assuming the aortic arch were healthy). For some applications, the distal

portion of the stent-graft has an average perimeter that is greater than (e.g., between 5%

and 15% greater than) the average perimeter of the portion of the brachiocephalic artery in

which it is disposed.

The fourth stent-graft

For applications in which multi-component stent-graft system 10 further

comprises fourth stent-graft 26, the fourth stent-graft typically comprises a fourth

generally tubular support element 60 and a third covering element 62 attached to the

fourth support element so as to at least partially cover the fourth support element. Support

element 60 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). Covering



element 62 serves as a blood flow guide through at least a portion of the fourth stent-graft.

For some applications, fourth covering element 62 and fourth support element 60

are not shaped so as to together define any lateral openings through the fourth stent-graft

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

For some applications, when fourth stent-graft 26 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, a seventh perimeter P7 of a first (proximal) end 66 of the

fourth stent-graft may be at least 3 cm, no more than 7 cm, and/or between 3 and 7 cm,

and a eighth perimeter P8 of a second (distal) end 68 of the fourth stent-graft may be at

least 6 cm, no more than 19 cm, and/or between 6 and 19 cm. For applications in which

fourth stent-graft 26 is generally cylindrical when unconstrained in its radially-expanded

state, seventh and eighth perimeters P7 and P8 are seventh and eighth diameters. For

some applications, seventh and eighth perimeters P7 and P8 are equal.

For some applications, fourth stent-graft 26, when unconstrained in its radially-

expanded state, has an axial length of at least 9.7 cm, no more than 18 cm, and/or between

9.7 and 18 cm. (The axial length is measured along a central longitudinal axis of the

stent-graft, including in applications in which the stent-graft is curved, as described

hereinbelow with reference to Fig. IB.) For some applications, fourth stent-graft 26,

when unconstrained in its radially-expanded state, has a greatest perimeter (at any axial

location along the stent-graft) of at least 4.8 cm, no more than 8.5 cm, and/or between 4.8

and 8.5 cm, and/or between 3.6 and 7.3 cm.

For some applications, such dimensions allow the fourth stent-graft to be

positioned in the aortic arch and/or the upper end of an ascending aorta, such as described

hereinbelow with reference to Fig. 3L. For some applications, the proximal portion of the

stent-graft has an average perimeter that is less than (e.g., between 40% and 70% greater

than) an average perimeter of the portion of the aorta in which it is disposed (excluding

expansion of the aorta due to the aneurysm, i.e., assuming the aorta were healthy).

Additional configuration detail

Typically, first and second stent-grafts 20 and 22 are not fixed to one other when

they are in their radially-compressed states. Likewise, when third stent-graft 24 is

provided, first, second, and third stent-grafts 20, 22, and 24 are typically not fixed to one



other when they are in their radially-compressed states. Furthermore, when third and

fourth stent-grafts 24 and 26 are provided, first, second, third, and fourth stent-grafts 20,

22, 24, and 26 are typically not fixed to one other when they are in their radially-

compressed states. In other words, the stent-grafts are initially provided as separate, non-

connected components, as shown in Figs. 1A-C (although they are typically initially

positioned in outer tube(s) of delivery tool(s), as described hereinbelow), which are

typically assembled in situ. Typically, first and second covering element 32 and 42 are

not fixed to one other when they are in their radially-compressed states. Likewise, when

third stent-graft 24 is provided, first, second, and third covering element 32, 42, and 52

are typically not fixed to one other when first, second, and third stent-grafts 20, 22, and 24

are in their radially-compressed states. Furthermore, when third and fourth stent-grafts 24

and 26 are provided, first, second, third, and fourth covering elements 32, 42, 52, and 62

are typically not fixed to one other when first, second, third, and fourth stent-grafts 20, 22,

24, and 26 are in their radially-compressed states.

Reference is still made to Figs. 1A-C. In the configurations shown in Figs. 1A and

1C, stent-grafts 20, 22, 24, and 26 are configured (e.g., heat-set) to have generally straight

longitudinal axes when unconstrained in their radially-expanded states, i.e., no forces are

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

stent-grafts typically assumed curved shapes when placed in respective blood vessels

because of the force applied to the stent-grafts by the walls of the blood vessels, such as

shown in Figs. 3A-L.

In the configuration shown in Fig. IB, stent-grafts 20, 22, 24, and 26 are

configured (e.g., heat-set) to have generally curved longitudinal axes when unconstrained

in their radially-expanded states, i.e., no forces are applied to the stent-grafts by a delivery

tool, walls of a blood vessel, or otherwise. This curvature may help properly position the

stent-grafts with respect to one another, such as shown in Figs. 2 and 3A-L. For some

applications in which the stent-grafts are curved, first lateral openings 34, second lateral

openings 44, and/or third lateral opening 54 are positioned on outer portions of the curves,

as shown in Fig. IB.

For some applications, at least one the stent-grafts is generally straight, as shown

in Fig. 1A, while at least another one of the stent-grafts is generally curved, as shown in

Fig. IB.



For some applications, such as in the configurations shown in Figs. 1A and IB, the

respective covering element 42, 52, and/or 62 of one or more of second, third, and fourth

stent-grafts 22, 24, and 26 does not fully cover a proximal sub-portion 70 of the support

element, thereby allowing blood flow through the stent-graft, as described hereinbelow

with reference to Fig. 2. Optionally, one or more of proximal sub-portions 70 is flared

radially outward in a proximal direction at their proximal ends.

For some applications, such as in the configurations shown in Fig. 1C, one or

more of proximal ends 46, 56, and 66 of second, third, and fourth stent-grafts 22, 24, and

26 are outwardly flared in a proximal direction when the stent-grafts are unconstrained in

their radially-expanded states, i.e., no forces are applied to the stent-grafts by a delivery

tool, walls of a blood vessel, or otherwise. Optionally, the stent-grafts are additionally

slightly indented radially inward immediately distal to the outward flares. Typically,

covering elements 42, 52, and 62 cover at least a distal portion of the outward flares. The

flares enable secure anchoring of the stent-grafts to one another, such as described

hereinbelow with reference to Figs. 2 and 3F-L. 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 be

firmly coupled with a lateral opening of another stent-graft.

For some applications, one or more of the stents both define a flare, as shown in

Fig. 1C, and are curved, as shown in Fig. IB. Alternatively or additionally, for some

applications, at least one the stent-grafts defines a flare, as shown in Fig. 1C, while at least

another one of the stent-grafts does not define a flare, as shown in Figs. 1A-B.

For some applications, one or more (e.g., all) of the lateral openings are

circumscribed by respective generally annular structural stent elements of the support

elements.

Assembly of the stent-grafts

Fig. 2 is a schematic illustration of multi-component stent-graft system 10, having

the configurations shown in Figs. 1-C, in an assembled state, in accordance with an

application of the present invention. As mentioned above, such assembly is typically

performed in situ during an implantation procedure, but such assembly may also be

performed ex vivo. First, second, third, and fourth stent-grafts 20, 22, 24, and 26 are



shown in Fig. 2 in their radially-expanded states. Second stent-graft 22 is configured to

be disposed through first lateral opening 34, such that a portion of the second stent-graft is

disposed within first stent-graft 20, and a portion of the second stent-graft is disposed

outside of the first stent-graft. The first and second stent-grafts are configured such that

second covering element 42 forms a blood-impervious seal with first covering element 32

around first lateral opening 34, when the second stent-graft is thus disposed through the

first lateral opening, and first and second stent-grafts 20 and 22 are in their radially-

expanded states. The first and second stent-grafts are securely anchored to each other.

The blood-impervious seal is typically formed because support element 30 of the first

stent-graft is configured to having a resting perimeter that is greater than the perimeter of

the first lateral opening, such that the first lateral opening squeezes the first stent-graft

when the first stent-graft expands.

For some applications, when second stent-graft 22 is disposed through first lateral

opening 34 and first and second stent-grafts 20 and 22 are in their radially-expanded

states, a proximal portion 82 of second support element 40 is disposed within first stent-

graft 20, and second covering element 42 does not fully cover proximal portion 82,

thereby allowing blood flow through the first stent-graft (i.e., the second covering element

does not fully cover proximal sub-portion 70). (Optionally, proximal sub-portion 70 is

flared radially outward in a proximal direction at its proximal end.) Typically, at least a

distal-most portion of proximal portion 82 is covered by second covering element 42, in

order to form the above-mentioned blood-impervious seal with first covering element 32.

Thus, second covering element 42 may be configured to cover a distal sub-portion, and

not a proximal sub-portion, of proximal portion 82.

For some applications, such as for the configurations shown in Figs. 1A-B, second

support element 40 is configured to extend into first stent-graft 20 a distance sufficient to

help anchor the second stent-graft to the first stent-graft, such as at least 4 cm, no more

than 10 cm, and/or between 4 and 10 cm. For some applications, proximal portion 82 has

a perimeter that is sufficient to apply a radially-outward force against an inner surface of a

wall of first stent-graft 20, in order to help anchor the second stent-graft to the first stent-

graft. For example, an axial portion of proximal portion 82 having a length of at least 1

cm may have a perimeter that is at least 10% greater than a perimeter of a portion of the

first stent-graft in which proximal portion 82 is disposed. Typically, second stent-graft 22

is deployed such that proximal portion 82 extends into the first stent-graft in a proximal



direction from first lateral opening 34, as shown in Fig. 2.

For applications in which third steht-graft 24 is provided, the third stent-graft is

configured to be disposed through second lateral opening 44, such that a portion of the

third stent-graft is disposed within second stent-graft 22 (and, optionally, depending on

the length of the portion, also within first stent-graft 20), and a portion of the third stent-

graft is disposed outside of the second stent-graft. The second and third stent-grafts are

configured such that third covering element 52 forms a blood-impervious seal with second

covering element 42 around second lateral opening 44, when the third stent-graft is thus

disposed through the second lateral opening, and second and third stent-grafts 22 and 24

are in their radially-expanded states. The second and third stent-grafts are securely

anchored to each other.

For some applications, when third stent-graft 24 is disposed through second lateral

opening 44 and second and third stent-grafts 22 and 24 are in their radially-expanded

states, a proximal portion 92 of third support element 50 is disposed within second stent-

graft 22, and third covering element 52 does not fully cover proximal portion 92, thereby

allowing blood flow through the second stent-graft (i.e., the third covering element does

not fully cover proximal sub-portion 70). (Optionally, proximal sub-portion 70 is flared

radially outward in a proximal direction at its proximal end.) Typically, at least a distal-

most portion of proximal portion 92 is covered by third covering element 52, in order to

form the above-mentioned blood-impervious seal with second covering element 42.

Thus, third covering element 52 may be configured to cover a distal sub-portion, and not a

proximal sub-portion, of proximal portion 92.

For some applications, such as for the configurations shown in Figs. 1A-B, third

support element 50 is configured to extend into second stent-graft 22 a distance sufficient

to help anchor the third stent-graft to the second stent-graft, such as at least 4 cm, no more

than 10 cm, and/or between 4 and 10 cm. For some applications, proximal portion 92 has

a perimeter that is sufficient to apply a radially-outward force against an inner surface of a

wall of second stent-graft 22, in order to help anchor the third stent-graft to the second

stent-graft. For example, an axial portion of proximal portion 92 having a length of at

least 1 cm may have a perimeter that is at least 10 greater than of a perimeter of a portion

of the second stent-graft in which proximal portion 92 is disposed. Typically, third stent-

graft 24 is deployed such that proximal portion 92 extends into the second stent-graft in a



proximal direction from second lateral opening 44, such as described hereinbelow with

reference to Figs. 3H-I.

For applications in which fourth stent-graft 26 is provided, the fourth stent-graft is

configured to be disposed through third lateral opening 54, such that a portion of the

fourth stent-graft is disposed within third stent-graft 24 (and, optionally, depending on the

length of the portion, also within second stent-graft 22, or within both second stent-graft

22 and first stent-graft 20), and a portion of the fourth stent-graft is disposed outside of

the third stent-graft. The third and fourth stent-grafts are configured such that fourth

covering element 62 forms a blood-impervious seal with third covering element 52 around

third lateral opening 54, when the fourth stent-graft is thus disposed through the third

lateral opening, and third and fourth stent-grafts 24 and 26 are in their radially-expanded

states. The third and fourth stent-grafts are securely anchored to each other.

For some applications, when fourth stent-graft 26 is disposed through third lateral

opening 54 and third and fourth stent-grafts 24 and 26 are in their radially-expanded

states, a proximal portion 98 of fourth support element 60 is disposed within third stent-

graft 24, and fourth covering element 62 does not fully cover proximal portion 98, thereby

allowing blood flow through the third stent-graft (i.e., the fourth covering element does

not fully cover proximal sub-portion 70). (Optionally, proximal sub-portion 70 is flared

radially outward in a proximal direction at its proximal end.) Typically, at least a distal-

most portion of proximal portion 98 is covered by fourth covering element 62, in order to

form the above-mentioned blood-impervious seal with third covering element 52. Thus,

fourth covering element 62 may be configured to cover a distal sub-portion, and not a

proximal sub-portion, of proximal portion 98.

For some applications, such as for the configurations shown in Figs. 1A-B, fourth

support element 60 is configured to extend into third stent-graft 24 a distance sufficient to

help anchor the third stent-graft to the second stent-graft, such as at least 4 cm, no more

than 10 cm, and/or between 4 and 10 cm. For some applications, proximal portion 98 has

a perimeter that is sufficient to apply a radially-outward force against an inner surface of a

wall of third stent-graft 24, in order to help anchor the fourth stent-graft to the third stent-

graft. For example, an axial portion of proximal portion 98 having a length of at least 1

cm may have a perimeter that is at least 10% greater than a perimeter of a portion of the

third stent-graft in which proximal portion 98 is disposed. Typically, fourth stent-graft 26



is deployed such that proximal portion 98 extends into the third stent-graft in a proximal

direction from third lateral opening 54, such as described hereinbelow with reference to

Figs. 3K-L.

Although Fig. 2 shows the proximal ends of the stent-grafts having the

configuration shown in Figs. 1A-B, for some applications, one or more of the stent-grafts

instead has the flaring proximal end configurations shown in Fig. 1C.

For some applications, a method is provided that comprises assembling first and

second stent-grafts 20 and 22, optionally third stent-graft 24, and optionally fourth stent-

graft 26, as described hereinabove with reference to Fig. 2, either in situ or ex vivo.

AN EXEMPLARY DEPLOYMENT PROCEDURE FOR THE CONFIGURATION IN

WHICH THE FIRST STENT-GRAFT HAS A SINGLE LATERAL OPENING

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

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

system 10, as configured in Figs. 1A, IB, 1C, and/or 2, in accordance with an application

of the present invention. Figs. 3A-L schematically show a portion of a typical aorta,

including a thoracic aorta, which includes an upper part of an ascending aorta 101, an

aortic arch 100, and an upper part of a supra-renal descending aorta 102. Also shown are

the three branches of aortic arch 100: a brachiocephalic artery 103, a left common carotid

artery 104, and a left subclavian artery 105. In addition, left and right renal arteries 106

and 107 are shown.

In this exemplary procedure, the stent-grafts of system 10 are transvascularly

(typically percutaneously) introduced into the thoracic aorta via one of the iliac arteries,

while the stent-grafts are positioned in one or more outer tubes of a delivery tool in their

radially-compressed states. Alternatively, for some applications, one or more of the stent-

grafts are deployed via a right subclavian artery, such as described hereinbelow with

reference to Fig. 9D.

Deployment of the first stent-grafi

The exemplary procedure begins with the advancing of a guidewire 120 up

descending aorta 102 and into a first one of the branches of aortic arch 100, such as left

subclavian artery 105, as shown in Fig. 3A.



First stent-graft 20 is initially positioned in its radially-compressed state within an

outer tube 130 of a delivery tool, typically near a distal end 132 of the outer tube (e.g.,

such that at least one end of stent-graft 20 is within a distance of distal end 132, which

distance equals the sum of 2 cm and an axial length of the first stent-graft). Outer tube

130 is advanced over guidewire 120, until first stent-graft 20 is partially disposed in left

subclavian artery 105 and partially disposed in the upper part of descending aorta 102, as

shown in Fig. 3B. The guidewire is withdrawn, leaving outer tube 130 in place.

As shown in Fig. 3C, the first stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the first stent-graft from the outer tube. Optionally,

techniques for holding the first stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. First 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. Alternatively, the first stent-graft (and/or the second, third,

and/or fourth stent-grafts, as described hereinbelow) is delivered using an over-the-wire

(OTW) approach, in which the guidewire is left in place until the stent-graft is expanded,

and thereafter the guidewire is withdrawn.

A proximal portion 111 of first stent-graft 20, including proximal end 36, is

positioned in the upper part of descending aorta 102, and a distal portion 112 of first stent-

graft 20 is positioned in left subclavian artery 105. First lateral opening 34 is disposed in

aortic arch 100 facing upstream, generally toward ascending aorta 101, in a vicinity of the

bifurcation of aortic arch 100 and left subclavian artery 105. For some applications,

proper rotational alignment and/or axial orientation of the first lateral opening is achieved

using fluoroscopy. For example, first stent-graft 20 may comprise one or more

radiopaque markers in a vicinity of (e.g., on a periphery of) the first lateral opening.

Deployment of the second stent-graft

A guidewire (either the same guidewire 120 used to deploy the first stent-graft, or

a second guidewire) is advanced up descending aorta 102, through a proximal portion of

first-stent-graft 20, out of first lateral opening 34, and into a second one of the branches of

aortic arch 100, such as left common carotid artery 104, as shown in Fig. 3D.

Second stent-graft 22 is positioned in its radially-compressed state within an outer



tube of a delivery tool (either the same outer tube 130 used to deploy the first stent-graft,

or a second outer tube), typically near distal end 132 of the outer tube (e.g., such that at

least one end of stent-graft 22 is within a distance of distal end 132, which distance equals

the sum of 2 cm and an axial length of the first stent-graft). Outer tube 130 is advanced

over guidewire 120, until second stent-graft 22 is partially disposed in left common

carotid artery 104 and partially disposed within radially-expanded first stent-graft 20 in

the upper part of descending aorta 102, as shown in Fig. 3E. The guidewire is withdrawn,

leaving outer tube 130 in place.

As shown in Fig. 3F, the second stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the second stent-graft from the outer tube. Optionally,

techniques for holding the second stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Second 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 blood vessels.

A proximal portion of second stent-graft 22, including proximal end 46, is

positioned within first stent-graft 20 in the upper part of descending aorta 102, and a distal

portion of second stent-graft 22, including distal end 48, is positioned in left common

carotid artery 104. For application in which third stent-graft 24 is provided, and second

stent-graft 22 is shaped so as to define second lateral opening 44, the second lateral

opening is disposed in aortic arch 100 facing upstream, generally toward ascending aorta

101, in a vicinity of the bifurcation of aortic arch 100 and left common carotid artery 104.

For some applications, proper rotational alignment and/or axial orientation of the second

lateral opening is achieved using fluoroscopy. For example, second stent-graft 22 may

comprise one or more radiopaque markers in a vicinity (e.g., on a periphery of) the second

lateral opening.

Second stent-graft 22 is thus adapted for transluminal delivery in its radially-

compressed state through a portion of first stent-graft 20 and first lateral opening 34,

while the first stent-graft is in its radially-expanded state.

Deployment of the third stent-graft

For applications in which third stent-graft 24 is provided, a guidewire (either the



same guidewire 120 used to deploy the first and/or second stent-grafts, or an additional

guidewire) is advanced up descending aorta 102 and into a third one of the branches of

aortic arch 100, such as brachiocephalic artery 103, as shown in Fig. 3G.

Third stent-graft 24 is positioned in its radially-compressed state within an outer

tube of a delivery tool (either the same outer tube 130 used to deploy the first and/or

second stent-grafts, or another outer tube), typically near distal end 132 of the outer tube

(e.g., such that at least one end of stent-graft 24 is within a distance of distal end 132,

which distance equals the sum of 2 cm and an axial length of the first stent-graft). Outer

tube 130 is advanced over guidewire 120, until third stent-graft 24 is partially disposed in

brachiocephalic artery 103 and partially disposed within radially-expanded second stent-

graft 22 in aortic arch 100, as shown in Fig. 3H. The guidewire is withdrawn, leaving

outer tube 130 in place.

As shown in Fig. 31, the third stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the third stent-graft from the outer tube. Optionally,

techniques for holding the third stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Third stent-graft 24

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.

A proximal portion of third stent-graft 24 is positioned within second stent-graft

22 in aortic arch 100, and a distal portion of third stent-graft 24, including distal end 58, is

positioned in brachiocephalic artery 103. For application in which fourth stent-graft 26 is

provided, and third stent-graft 24 is shaped so as to define third lateral opening 54, the

third lateral opening is disposed in aortic arch 100 facing upstream, generally toward

ascending aorta 101, in a vicinity of the bifurcation of aortic arch 100 and brachiocephalic

artery 103. For some applications, proper rotational alignment and/or axial orientation of

the third lateral opening is achieved using fluoroscopy. For example, third stent-graft 24

may comprise one or more radiopaque markers in a vicinity (e.g., on a periphery of) the

third lateral opening.

Third stent-graft 24 is thus adapted for transluminal delivery in its radially-

compressed state through, sequentially, (a) a portion of first stent-graft 20, (b) first lateral

opening 34, (c) a portion of second stent-graft 22, and (d) second lateral opening 44, while



the first and second stent-grafts are in their radially-expanded states.

Deployment of the fourth stent-graft

For applications in which fourth stent-graft 26 is provide, a guidewire (either the

same guidewire 120 used to deploy the first, second, and/or third stent-grafts, or an

additional guidewire) is advanced up descending aorta 102 and into the upper part of

ascending aorta 101, as shown in Fig. 3J.

Fourth stent-graft 26 is positioned in its radially-compressed state within an outer

tube of a delivery tool (either the same outer tube 130 used to deploy the first, second,

and/or third stent-grafts, or an additional outer tube), typically near distal end 132 of the

outer tube (e.g., such that at least one end of stent-graft 26 is within a distance of distal

end 132, which distance equals the sum of 2 cm and an axial length of the first stent-

graft). Outer tube 130 is advanced over guidewire 120, until fourth stent-graft 26 is

partially disposed in the upper part of ascending aorta 101 and partially disposed within

radially-expanded third stent-graft 24 in aortic arch 100, as shown in Fig. 3K. The

guidewire is withdrawn, leaving outer tube 130 in place.

As shown in Fig. 3L, the fourth stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the fourth stent-graft from the outer tube. Optionally,

techniques for holding the fourth stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Fourth stent-graft 26

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.

A proximal portion of fourth stent-graft 26 is positioned within third stent-graft 24

(and, optionally, in second stent-graft 22) in aortic arch 100, and a distal portion of fourth

stent-graft 26, including distal end 68, is positioned in aortic arch 100 and/or the upper

part of ascending aorta 101.

Fourth stent-graft 26 is thus adapted for transluminal delivery when in its radially-

compressed state through, sequentially, (a) a portion of first stent-graft 20, (b) first lateral

opening 34, (c) a portion of second stent-graft 22, (d) second lateral opening 44, (e) a

portion of third stent-graft 24, and (f) third lateral opening 54 while first, second, and third

stent-grafts 20, 22, and 24 are in their radially-expanded states.



As can be seen in Fig. 3L, upon deployment of all four stent-grafts, multi-

component stent-graft system 10 defines a blood-flow path from ascending aorta 101,

over aortic arch 100, and to descending aorta 102. Multi-component stent-graft system 10

additionally provides blood-flow paths to the three branches of the aortic arch:

brachiocephalic artery 103, left common carotid artery 104, and left subclavian artery

105.

FIRST STENT-GRAFT HAVING THREE LATERAL OPENINGS

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

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

of the present invention. In this configuration, multi-component stent-graft system 10

comprises (a) first stent-graft 20, (b) second stent-graft 22, (c) third stent-graft 24, and (d)

fourth stent-graft 26, typically configured as described hereinbelow. Except as described

below, the stent-grafts are generally similar to the configurations of the stent-grafts

described hereinabove with reference to Figs. 1A-C and 2. The stent-grafts are

configured to assume radially-compressed states, such as when initially positioned in one

or more outer tubes of one or more delivery tools, as described hereinbelow with

reference to Figs. 6A, 6B, 6E, and 6G, and to assume radially-expanded states upon being

deployed from the outer tube(s), as described hereinbelow with reference to Figs. 6B-D

and 6F-H. Fig. 4 shows the stent-grafts in their radially-expanded states. 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 their radially-expanded states.

Thefirst stent-graft

In the configuration shown in Fig. 4, first covering element 32 and first support

element 30 are shaped so as to together define three (e.g., exactly three) first lateral

openings 34 through first stent-graft 20 when the first stent-graft is in its radially-

expanded state:

• a proximal superior first lateral opening 34A;

• a distal superior first lateral opening 34B; and

· a distal inferior first lateral opening 34C.



Typically, when first stent-graft 20 is unconstrained in its radially-expanded state,

proximal and distal superior first lateral openings 34A and 34B face in a first radial

direction, and distal inferior first lateral opening 34C faces in a second radially direction

generally circumferentially opposite the first radial direction. For example, if the stent-

graft is viewed from one end, proximal and distal superior first lateral openings 34A and

34B may be disposed at between 11 o'clock and 1 o'clock (e.g., at 12 o'clock), and distal

inferior first lateral opening 34C may disposed at between 5 o'clock and 7 o'clock (e.g., at

6 o'clock).

Typically, distal inferior first lateral opening 34C is not axially aligned with either

of proximal superior first lateral opening 34A or distal superior first lateral opening 34B.

Typically, distal inferior first lateral opening 34C does not axially overlap with either of

proximal superior first lateral opening 34A or distal superior first lateral opening 34B.

For some applications, stent-graft 20 narrows in a vicinity of proximal superior

first lateral opening 34A and/or distal superior first lateral opening 34B, with respect to a

portion of stent-graft 20 proximal to the proximal superior first lateral opening 34A (i.e.,

the perimeter is less at one or both of the lateral openings than in the more proximal

portion). Such narrowing may increase the maneuverability of third and/or fourth stent-

grafts 24 and 26 when advancing these stent-grafts into left common carotid artery 104

and left subclavian artery 105, by providing more space between the superior lateral

openings and the bifurcations of these arteries.

For some applications, when first stent-graft 20 is unconstrained in its radially-

expanded state, first perimeter P I of first end 36 of the first stent-graft is greater than

second perimeter P2 of second end 38 of the first stent-graft, and/or a first cross-sectional

area of the first end 36 is greater than a second cross-sectional area of second end 38. For

example, first perimeter P I may equal at least 150% of second perimeter P2, such as at

least 250%, or at least 400%, and/or the first cross-sectional area may equal at least 225%

of the second cross-sectional area, such as at least 625%, or at least 1600%.

For example, first perimeter PI may be at least 7.5 cm, no more than 15 cm,

and/or between 7.5 and 15 cm, such as at least 9 cm, no more than 13 cm, and/or between

9 and 13 cm, and second perimeter P2 may be at least 2.5 cm, no more than 5.7 cm,

and/or between 2.5 and 5.7 cm, such as at least 3 cm, no more than 4.5 cm, and/or

between 3 and 4.5 cm.



For some applications, when first stent-graft 20 is unconstrained in its radially-

expanded state, a perimeter of each of proximal superior first lateral opening 34A and

distal superior first lateral opening 34B is at least 2.5 cm, no more than 5 cm, and/or

between 2.5 and 5 cm, and a perimeter of distal inferior first lateral opening 34C is at least

4.5 cm, no more than 12 cm, and/or between 4.5 and 12 cm.

For some applications, when first stent-graft 20 is unconstrained in its radially-

expanded state, a perimeter of distal inferior first lateral opening 34C is at least 25%, e.g.,

at least 40%, or at least 60% of first perimeter PI, and/or at least 50%, e.g., at least 75%,

or at least 100% of second perimeter P2. For some applications, first perimeter P I does

not equal second perimeter P2, and the perimeter of distal inferior first lateral opening

34C is at least 60% of the lesser of first and second perimeters P I and P2.

For some applications, first stent-graft 20, when unconstrained in its radially-

expanded state, has an axial length of at least 15 cm, no more than 40 cm, and/or between

15 and 40 cm. (The axial length is measured along a central longitudinal axis of the stent-

graft, including in applications in which the stent-graft is curved.) For some applications,

first stent-graft 20, when unconstrained in its radially-expanded state, has a greatest

perimeter (at any axial location along the stent-graft) of at least 12 cm, no more than 2 1

cm, and/or between 12 and 2 1 cm.

For some applications, a closest axial distance Dl between proximal superior first

lateral opening 34A and distal superior first lateral opening 34B is between 0.5 and 2 cm.

For some applications, a distance D2 between the centers of distal superior first lateral

opening 34B and distal inferior first lateral opening 34C is between 0 and 5 cm.

For some applications, such dimensions allow the first stent-graft to be positioned

such that (a) a proximal, radially larger, portion of the stent-graft, including the proximal

end thereof, is disposed in the aorta downstream from the bifurcation with the left

subclavian artery, at least partially in the upper part of the descending aorta, (b) a distal,

radially smaller, portion of the stent-graft, including the distal end thereof, is disposed in

the brachiocephalic artery, and (c) a middle portion of the stent-graft is positioned in the

aortic arch, such as described hereinbelow with reference to Fig. 6B. For some

applications, the proximal portion of the stent-graft has an average perimeter that is

greater than (e.g., between 5% and 15% greater than) an average perimeter of the portion

of the aorta in which it is disposed (excluding expansion of the aorta due to the aneurysm,



i.e., assuming the aorta were healthy). For some applications, the distal portion of the

stent-graft has an average perimeter that is greater than (e.g., between 5% and 15%

greater than) the average perimeter of the portion of the brachiocephalic artery in which it

is disposed. For some applications, the middle portion of the stent-graft has an average

perimeter that is less than (e.g., between 50% and 70% less than) an average perimeter of

the portion of the aortic arch in which it is disposed (excluding expansion of the aortic

arch due to the aneurysm, i.e., assuming the aortic arch were healthy).

The second stent-graft

In the configuration shown in Fig. 4, second covering element 42 and second

support element 40 of second stent-graft 22 are shaped so as to together define no lateral

openings.

Typically, proximal end 46 of second stent-graft 22 is outwardly flared in a

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

Optionally, the stent-graft is additionally slightly indented radially inward immediately

distal to the outward flare. Typically, covering element 42 covers at least a distal portion

of the outward flare. The flare enables secure anchoring of the second stent-graft to the

first stent-graft, such as described hereinbelow with reference to Figs. 5 and 6D.

For some applications, when second stent-graft 22 is unconstrained in its radially-

expanded state, fourth perimeter P4 of second (distal) end 48 of the second stent-graft is

substantially greater than third perimeter P3 of first (proximal) end 46 of the second stent-

graft, such as at least 150% of P3, e.g., at least 200%. For some applications, third

perimeter P3 is at least 3 cm, no more than 7 cm, and/or between 3 and 7 cm. For some

applications, fourth perimeter P4 is at least 6 cm, no more than 19 cm, and/or between 6

and 19 cm.

For some applications, second stent-graft 22, when unconstrained in its radially-

expanded state, has an axial length of at least 4 cm, no more than 20 cm, and/or between 4

and 20 cm. (The axial length is measured along a central longitudinal axis of the stent-

graft, including in applications in which the stent-graft is curved.) For some applications,

second stent-graft 22, when unconstrained in its radially-expanded state, has a greatest

perimeter (at any axial location along the stent-graft) of at least 6 cm, no more than 10

cm, and/or between 6 and 10 cm.



For some applications, such dimensions allow the second stent-graft to be

positioned such that (a) a proximal, radially smaller, portion of the stent-graft, including

the proximal end thereof, is disposed in the aortic arch in the first stent-graft, and (b) a

distal, radially larger, portion of the stent-graft, including the distal end thereof, is

disposed in the aortic arch and/or upper part of descending aorta, such as described

hereinbelow with reference to Fig. 6D. For some applications, the proximal portion of the

stent-graft has an average perimeter that is less than (e.g., between 30% and 70% less

than) an average perimeter of the portion of the aortic arch in which it is disposed

(excluding expansion of the aortic arch due to the aneurysm, i.e., assuming the aortic arch

were healthy) and at least 10% greater than the perimeter of distal inferior first lateral

opening 34C of the first stent-graft. For some applications, the distal portion of the stent-

graft has an average perimeter that is greater than (e.g., between 5% and 15% greater

than) the average perimeter of the portion of the aorta in which it is disposed (excluding

expansion of the aorta due to the aneurysm, i.e., assuming the aorta were healthy).

The third andfourth stent-grafts

For some applications of the configuration shown in Fig. 4, third and fourth stent-

grafts 24 and 26 are identical or generally similar in shape and dimensions. In the

configuration shown in Fig. 4, third covering element 52 and third support element 50 of

third stent-graft 24 are shaped so as to together define no lateral openings, and fourth

covering element 62 and fourth support element 60 of fourth stent-graft 26 are shaped so

as to together define no lateral openings.

Typically, proximal ends 56 and 66 of third and fourth stent-grafts 24 and 26 are

outwardly flared in a proximal direction when the stent-grafts are unconstrained in their

radially-expanded state. Optionally, the stent-grafts are additionally slightly indented

radially inward immediately distal to the outward flares. Typically, covering elements 52

and 62 cover at least a distal portion of the outward flares. The flares enable secure

anchoring of the third and fourth stent-grafts to the first stent-graft, such as described

hereinbelow with reference to Figs. 6F and 6H.

For some applications, when third stent-graft 24 is unconstrained in its radially-

expanded state, fifth perimeter P5 of first (proximal) end 56 of the third stent-graft is

approximately equal to, or slightly greater than, sixth perimeter P6 of second (distal) end

58 of the third stent-graft, such as within 90% to 130% of P6. Similarly, for some



applications, when fourth stent-graft 26 is unconstrained in its radially-expanded state,

seventh perimeter P7 of first (proximal) end 66 of the fourth stent-graft is approximately

equal to, or slightly greater than, eighth perimeter P8 of second (distal) end 68 of the

fourth stent-graft, such as within 90% to 130% of P8. For some applications, each of fifth

perimeter P5, sixth perimeter P6, seventh perimeter P7, and eighth perimeter P8 is at least

2.5 cm, no more than 6.3 cm, and/or between 2.5 and 6.3 cm.

For some applications, each of third and fourth stent-grafts 24 and 26, when

unconstrained in their radially-expanded states, has an axial length of at least 3 cm, no

more than 10 cm, and/or between 3 and 10 cm. (The axial length is measured along a

central longitudinal axis of the stent-grafts, including in applications in which the stent-

grafts are curved.) For some applications, each of third and fourth stent-grafts 24 and 26,

when unconstrained in their radially-expanded states, has a greatest perimeter (at any

axial location along the stent-grafts) of at least 2.5 cm, no more than 6.3 cm, and/or

between 2.5 and 6.3 cm.

For some applications, such dimensions allow the third stent-graft to be positioned

such that (a) a proximal portion of the stent-graft is disposed in the aorta in the first stent-

graft, and (b) a distal portion of the stent-graft, including the distal end thereof, is

disposed in the left common carotid artery, such as described hereinbelow with reference

to Fig. 6F. For some applications, the proximal portion of the stent-graft has an average

perimeter that is less than (e.g., between 30% and 70% less than) an average perimeter of

the portion of the aortic arch in which it is disposed (excluding expansion of the aortic

arch due to the aneurysm, i.e., assuming the aortic arch were healthy). For some

applications, the distal portion of the stent-graft has an average perimeter that is greater

than (e.g., between 5% and 15% greater than) the average perimeter of the portion of the

left common carotid artery in which it is disposed.

For some applications, such dimensions allow the fourth stent-graft to be

positioned such that (a) a proximal portion of the stent-graft is disposed in the aorta in the

first stent-graft, and (b) a distal portion of the stent-graft, including the distal end thereof,

is disposed in the left subclavian artery, such as described hereinbelow with reference to

Fig. 6H. For some applications, the proximal portion of the stent-graft has an average

perimeter that is less than (e.g., between 30% and 70% less than) an average perimeter of

the portion of the aortic arch in which it is disposed (excluding expansion of the aortic



arch due to the aneurysm, i.e., assuming the aortic arch were healthy). For some

applications, the distal portion of the stent-graft has an average perimeter that is greater

than (e.g., between 5% and 10% greater than) the average perimeter of the portion of the

left subclavian artery in which it is disposed.

Additional configuration detail

For some applications, stent-grafts 20, 22, 24, and 26 are configured (e.g., heat-

set) to have generally straight longitudinal axes when unconstrained in their radially-

expanded states, i.e., no forces are applied to the stent-grafts by a delivery tool, walls of a

blood vessel, or otherwise. The stent-grafts typically assumed curved shapes when placed

in respective blood vessels because of the force applied to the stent-grafts by the walls of

the blood vessels, such as shown in Figs. 6A-H.

For other applications, stent-grafts 20, 22, 24, and 26 are configured (e.g., heat-

set) to have generally curved longitudinal axes when unconstrained in their radially-

expanded states, i.e., no forces are applied to the stent-grafts by a delivery tool, walls of a

blood vessel, or otherwise. This curvature may help properly position the stent-grafts

with respect to one another, such as shown in Figs. 5 and 6A-H. This configuration is

similar to the curved configuration shown in Fig. IB. For some applications, at least one

the stent-grafts is generally straight, while at least another one of the stent-grafts is

generally curved.

Typically, first and second stent-grafts 20 and 22 are not fixed to one other when

they are in their radially-compressed states. Likewise, first, second, and third stent-grafts

20, 22, and 24 are typically not fixed to one other when they are in their radially-

compressed states. Furthermore, first, second, third, and fourth stent-grafts 20, 22, 24,

and 26 are typically not fixed to one other when they are in their radially-compressed

states. In other words, the stent-grafts are initially provided as separate, non-connected

components, as shown in Fig. 4 (although they are typically initially positioned in outer

tube(s) of delivery tool(s), as described hereinbelow), which are typically assembled in

situ. Typically, first and second covering element 32 and 42 are not fixed to one other

when they are in their radially-compressed states. Likewise, first, second, and third

covering element 32, 42, and 52 are typically not fixed to one other when first, second,

and third stent-grafts 20, 22, and 24 are in their radially-compressed states. Furthermore,

first, second, third, and fourth covering elements 32, 42, 52, and 62 are typically not fixed



to one other when first, second, third, and fourth stent-grafts 20, 22, 24, and 26 are in their

radially-compressed states.

For some applications, one or more (e.g., all) of the lateral openings are

circumscribed by respective generally annular structural stent elements of the support

elements.

Assembly of the stent-grafts

Fig. 5 is a schematic illustration of multi-component stent-graft system 10, having

the configuration described with reference to Fig. 4, in an assembled state, in accordance

with an application of the present invention. As mentioned above, such assembly is

typically performed in situ during an implantation procedure, but such assembly may also

be performed ex vivo. First, second, third, and fourth stent-grafts 20, 22, 24, and 26 are

shown in Fig. 5 in their radially-expanded states. Second stent-graft 22 is configured to

be disposed through distal inferior first lateral opening 34C, such that a portion (e.g., the

flared portion) of the second stent-graft is disposed within first stent-graft 20, and a

portion of the second stent-graft is disposed outside of the first stent-graft. The first and

second stent-grafts are configured such that second covering element 42 forms a blood-

impervious seal with first covering element 32 around distal inferior first lateral opening

34C, when the second stent-graft is thus disposed through the distal inferior first lateral

opening, and first and second stent-grafts 20 and 22 are in their radially-expanded states.

The first and second stent-grafts are securely anchored to each other. The blood-

impervious seal is typically formed because support element 30 of the first stent-graft is

configured to having a resting perimeter that is greater than the perimeter of the distal

inferior first lateral opening, such that the distal inferior first lateral opening squeezes the

second stent-graft when the second stent-graft expands.

Third stent-graft 24 is configured to be disposed through distal superior first lateral

opening 34B, such that a portion (e.g., the flared portion) of the third stent-graft is

disposed within first stent-graft 20, and a portion of the third stent-graft is disposed

outside of the first stent-graft. The first and third stent-grafts are configured such that

third covering element 52 forms a blood-impervious seal with first covering element 32

around distal superior first lateral opening 34B, when the third stent-graft is thus disposed

through the distal superior first lateral opening, and first and third stent-grafts 20 and 24

are in their radially-expanded states. The first and third stent-grafts are securely anchored



to each other.

Fourth stent-graft 26 is configured to be disposed through proximal superior first

lateral opening 34A, such that a portion (e.g., the flared portion) of the fourth stent-graft is

disposed within first stent-graft 20, and a portion of the fourth stent-graft is disposed

outside of the first stent-graft. The first and fourth stent-grafts are configured such that

fourth covering element 62 forms a blood-impervious seal with first covering element 32

around proximal superior first lateral opening 34A, when the fourth stent-graft is thus

disposed through the proximal superior first lateral opening, and first and fourth stent-

grafts 20 and 26 are in their radially-expanded states. The first and fourth stent-grafts are

securely anchored to each other.

For some applications, a method is provided that comprises assembling first,

second, third, and fourth stent-grafts 20, 22, 24, and 26, as described hereinabove with

reference to Fig. 5, either in situ or ex vivo.

AN EXEMPLARY DEPLOYMENT PROCEDURE FOR THE CONFIGURATION IN

WHICH THE FIRST STENT-GRAFT HAS THREE LATERAL OPENINGS

Reference is made to Figs. 6A-H, which are schematic illustrations of an

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

system 10, as configured in Figs. 4 and 5, in accordance with an application of the present

invention. In this exemplary procedure, the stent-grafts of system 10 are transvascularly

(typically percutaneously) introduced into aortic arch 100 via one of the iliac arteries,

while the stent-grafts are positioned in one or more outer tubes of a delivery tool in their

radially-compressed states. Alternatively, for some applications, one or more of the stent-

grafts are deployed via a right subclavian artery, such as described hereinbelow with

reference to Fig. 9D.

Deployment of the first stent-graft

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

outer tube 130 of a delivery tool, typically near distal end 132 of the outer tube (e.g., such

that at least one end of stent-graft 20 is within a distance of distal end 132, which distance

equals the sum of 2 cm and an axial length of the first stent-graft). The exemplary

procedure begins with the advancing of guidewire 120 up descending aorta 102 and into a

first one of the branches of the aortic arch, such as brachiocephalic artery 103. Outer tube



130 is advanced over guidewire 120, until first stent-graft 20 is partially disposed in

brachiocephalic artery 103, partially disposed in aortic arch 100, and partially disposed an

upper part of descending aorta 102, as shown in Fig. 6A. The guidewire is withdrawn,

leaving outer tube 130 in place.

As shown in Fig. 6B, the first stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the first stent-graft from the outer tube. Optionally,

techniques for holding the first stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. First 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. Alternatively, the first stent-graft (and/or the second, third,

and/or fourth stent-grafts, as described hereinbelow) is delivered using an over-the-wire

(OTW) approach, in which the guidewire is left in place until the stent-graft is expanded,

and thereafter the guidewire is withdrawn.

A proximal portion 140 of first stent-graft 20, including proximal end 36, is

positioned in the upper part of descending aorta 102, a middle portion 142 of first stent-

graft 20 is positioned in aortic arch 100, and a distal portion 144 of first stent-graft 20,

including distal end 38, is positioned in brachiocephalic artery 103. Proximal superior

first lateral opening 34A faces toward and is aligned with left subclavian artery 105, and

distal superior first lateral opening 34B faces toward and is aligned with left common

carotid artery 104. Distal inferior first lateral opening 34C is disposed in aortic arch 100

facing upstream, generally toward ascending aorta 101, in a vicinity of the bifurcation of

aortic arch 100 and brachiocephalic artery 103. For some applications, proper rotational

alignment and/or axial orientation of the first lateral openings is achieved using

fluoroscopy. For example, first stent-graft 20 may comprise one or more radiopaque

markers in a vicinity (e.g., on a periphery of) the first lateral openings.

Deployment of the second stent-graft

Also as shown in Fig. 6B, second stent-graft 22 is positioned in its radially-

compressed state within an outer tube of a delivery tool (either the same outer tube 130

used to deploy the first stent-graft, or a second outer tube), typically near distal end 132 of

the outer tube (e.g., such that at least one end of stent-graft 22 is within a distance of distal

end 132, which distance equals the sum of 2 cm and an axial length of the first stent-



graft). A guidewire (either the same guidewire 120 used to deploy the first stent-graft, or

a second guidewire) is advanced up descending aorta 102, through a proximal portion of

first stent-graft 20, out of distal inferior first lateral opening 34C, and into aortic arch 100

and/or the upper part of ascending aorta 101. Outer tube 130 is advanced over guidewire

120, until second stent-graft 22 is partially disposed in the upper part of ascending aorta

101 and partially disposed within radially-expanded first stent-graft 20 in aortic arch 100.

The guidewire is withdrawn, leaving outer tube 130 in place.

As shown in Figs. 6C and 6D, the second stent-graft is held in place as outer tube

130 is withdrawn, thereby delivering the second stent-graft from the outer tube.

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

described hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Second

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 blood vessels. Fig. 6C shows the second stent-graft partially

released from outer tube 130 (and thus partially expanded), and Fig. 6D shows the second

stent-graft fully released from the outer tube (and thus fully expanded).

A proximal portion of second stent-graft 22, including proximal end 46, is

positioned within first stent-graft 20 in aortic arch 100, and a distal portion of second

stent-graft 22, including distal end 48, is positioned in the upper part of ascending aorta

101.

Second stent-graft 22 is thus adapted for transluminal delivery in its radially-

compressed state through a portion of first stent-graft 20 and one of first lateral openings

34 (e.g., distal inferior first lateral opening 34C), while the first stent-graft is in its

radially-expanded state.

Deployment of the third stent-graft

Third stent-graft 24 is positioned in its radially-compressed state within an outer

tube of a delivery tool (either the same outer tube 130 used to deploy the first and/or

second stent-grafts, or another outer tube), typically near distal end 132 of the outer tube

(e.g., such that at least one end of stent-graft 24 is within a distance of distal end 132,

which distance equals the sum of 2 cm and an axial length of the first stent-graft). A

guidewire (either the same guidewire 120 used to deploy the first and/or second stent-



grafts, or an additional guidewire) is advanced up descending aorta 102, through a

proximal portion of first stent-graft 20, out of one of proximal superior first lateral

opening 34A and distal superior first lateral opening 34B, and into a second one of the

branches of aortic arch 100, such as left common carotid artery 104 or left subclavian

artery 105. In the application shown in Fig. 6E, the guidewire is advanced out of distal

superior first lateral opening 34B and into left common carotid artery 104. Alternatively,

the guidewire is instead advanced out of proximal superior first lateral opening 34A and

into left subclavian artery 105, in which case the fourth stent-graft, described below, is

instead advanced out of distal superior first lateral opening 34B and into left common

carotid artery 104. Outer tube 130 is advanced over guidewire 120, until third stent-graft

24 is partially disposed in the selected one of left common carotid artery 104 and left

subclavian artery 105 (left common carotid artery 104 in Fig. 6E) and partially disposed

within radially-expanded second stent-graft 22 in the aortic arch, as shown in Fig. 6E.

The guidewire is withdrawn, leaving outer tube 130 in place.

As shown in Fig. 6F, the third stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the third stent-graft from the outer tube. Optionally,

techniques for holding the third stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Third stent-graft 24

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.

A proximal portion of third stent-graft 24, including proximal end 56, is positioned

within first stent-graft 20 in aortic arch 100, and a distal portion of third stent-graft 24,

including distal end 58, is positioned in left common carotid artery 104.

Third stent-graft 24 is thus adapted for transluminal delivery in its radially-

compressed state through a portion of first stent-graft 20 and one of first lateral openings

34, such as one of proximal superior first lateral opening 34A and distal superior first

lateral opening 34B, while the first stent-graft is in its radially-expanded state.

Deployment of the fourth stent-graft

Fourth stent-graft 26 is positioned in its radially-compressed state within an outer

tube of a delivery tool (either the same outer tube 130 used to deploy the first, second,



and/or third stent-grafts, or an additional outer tube), typically near distal end 132 of the

outer tube (e.g., such that at least one end of stent-graft 26 is within a distance of distal

end 132, which distance equals the sum of 2 cm and an axial length of the first stent-

graft). A guidewire (either the same guidewire 120 used to deploy the first, second,

and/or third stent-grafts, or an additional guidewire) is advanced up descending aorta 102,

through a proximal portion of first stent-graft 20, out of one of proximal superior first

lateral opening 34A and distal superior first lateral opening 34B, and into a second one of

the branches of aortic arch 100, such as left common carotid artery 104 or left subclavian

artery 105. In the application shown in Fig. 6G, the guidewire is advanced out of

proximal superior first lateral opening 34A and into left subclavian artery 105.

Alternatively, the guidewire stent-graft is instead advanced out of distal superior first

lateral opening 34B and into left common carotid artery 104, in which case the third stent-

graft, described above, is instead advanced out of proximal superior first lateral opening

34A and into left subclavian artery 105. Outer tube 130 is advanced over guidewire 120,

until fourth stent-graft 26 is partially disposed i the selected one of left common carotid

artery 104 and left subclavian artery 105 (left subclavian artery 105 in Fig. 6G) and

partially disposed within radially-expanded second stent-graft 22 in the aortic arch, as

shown in Fig. 6G. The guidewire is withdrawn, leaving outer tube 130 in place.

As shown in Fig. 6H, the fourth stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the fourth stent-graft from the outer tube. Optionally,

techniques for holding the fourth stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Fourth stent-graft 26

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.

A proximal portion of fourth stent-graft 26, including proximal end 66, is

positioned within first stent-graft 20 in aortic arch 100, and a distal portion of fourth stent-

graft 26, including distal end 68, is positioned in left subclavian artery 105.

Fourth stent-graft 26 is thus adapted for transluminal delivery in its radially-

compressed state through a portion of first stent-graft 20 and one of first lateral openings

34, such as one of proximal superior first lateral opening 34A and distal superior first

lateral opening 34B, while the first stent-graft is in its radially-expanded state.



As can be seen in Fig. 6H, upon deployment of all four stent-grafts, multi-

component stent-graft system 10 defines a blood-flow path from ascending aorta 101,

over aortic arch 100, and to descending aorta 102. Multi-component stent-graft system 10

additionally provides blood-flow paths to the three branches of the aortic arch:

brachiocephalic artery 103, left common carotid artery 104, and left subclavian artery

105.

FIRST STENT-GRAFT HAVING TWO LATERAL OPENINGS

Reference is now made to Fig. 7, which is a schematic illustration of another

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

of the present invention. In this configuration, multi-component stent-graft system 10

comprises (a) first stent-graft 20, (b) second stent-graft 22, (c) third stent-graft 24, and (d)

fourth stent-graft 26, typically configured as described hereinbelow. Except as described

below, the stent-grafts are generally similar to the configurations of the stent-grafts

described hereinabove with reference to Figs. 1A-C and 2. The stent-grafts are

configured to assume radially-compressed states, such as when initially positioned in one

or more outer tubes of one or more delivery tools, as described hereinbelow with

reference to Figs. 9A, 9C, 9D, and 9F, and to assume radially-expanded states upon being

deployed from the outer tube(s), as described hereinbelow with reference to Figs. 9C, 9D,

9E, and 9G. Fig. 7 shows the stent-grafts in their radially-expanded states. 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 their radially-expanded states.

The first stent-graft

In the configuration shown in Fig. 7, first covering element 32 and first support

element 30 are shaped so as to together define two first lateral openings 34 through first

stent-graft 20 when the first stent-graft is in its radially-expanded state:

• a superior first lateral opening 34D; and

• an inferior first lateral opening 34E.

Typically, when first stent-graft 20 is unconstrained in its radially-expanded state,

superior first lateral opening 34D is disposed on a first side of first stent-graft 20, and

inferior first lateral opening 34E is disposed on a second side of the first stent-graft



generally circuraferentially opposite the first side. For example, if the stent-graft is

viewed from one end, superior first lateral opening 34D may be disposed at between 11

o'clock and 1 o'clock (e.g., at 12 o'clock), and inferior first lateral opening 34E may

disposed at between 5 o'clock and 7 o'clock (e.g., at 6 o'clock).

For some applications, stent-graft 20 narrows in a vicinity of superior first lateral

opening 34D, with respect to a portion of stent-graft 20 proximal to the superior first

lateral opening 34D (i.e., the perimeter is less at the lateral opening than in the more

proximal portion). Such narrowing may increase the maneuverability of second stent-

graft 22 when advancing the second stent-graft into left subclavian artery 105, by

providing more space between the superior lateral opening and the bifurcation of the

artery.

Typically, inferior first lateral opening 34E is not axially aligned with superior

first lateral opening 34D. Typically, inferior first lateral opening 34E does not axially

overlap with superior first lateral opening 34D.

For some applications, when first stent-graft 20 is unconstrained in its radially-

expanded state, first perimeter P I of first end 36 of the first stent-graft is greater than

second perimeter P2 of second end 38 of the first stent-graft, and/or a first cross-sectional

area of the first end 36 is greater than a second cross-sectional area of second end 38. For

example, first perimeter P I may equal at least 150% of second perimeter P2, such as at

least 250%, or at least 400%, and/or the first cross-sectional area may equal at least 225%

of the second cross-sectional area, such as at least 625%, or at least 1600%.

For example, first perimeter PI may be at least 7.5 cm, no more than 15 cm,

and/or between 7.5 and 15 cm, and second perimeter P2 may be at least 2.5 cm, no more

than 5.7 cm, and/or between 2.5 and 5.7 cm.

For some applications, when first stent-graft- 20 is unconstrained in its radially-

expanded state, a perimeter of superior first lateral opening 34D is at least 2.5 cm, no

more than 5 cm, and/or between 2.5 and 5 cm, and a perimeter of inferior first lateral

opening 34E is at least 4.5 cm, no more than 12 cm, and/or between 4.5 and 12 cm.

For some applications, when first stent-graft 20 is unconstrained in its radially-

expanded state, a perimeter of inferior first lateral opening 34E is at least 25%, e.g., at

least 40%, or at least 60% of first perimeter PI, and/or at least 50%, e.g., at least 75%, or



at least 100% of second perimeter P2. For some applications, first perimeter PI does not

equal second perimeter P2, and the perimeter of inferior first lateral opening 34E is at

least 60% of the lesser of first and second perimeters PI and P2.

For some applications, first stent-graft 20, when unconstrained in its radially-

expanded state, has an axial length of at least 10 cm, no more than 40 cm, and/or between

10 and 40 cm. (The axial length is measured along a central longitudinal axis of the stent-

graft, including in applications in which the stent-graft is curved.) For some applications,

first stent-graft 20, when unconstrained in its radially-expanded state, has a greatest

perimeter (at any axial location along the stent-graft) of at least 12 cm, no more than 2 1

cm, and/or between 12 and 2 1 cm.

For some applications, an axial distance D3 between the centers of superior first

lateral opening 34D and inferior first lateral opening 34E is between 0 and 5 cm.

For some applications, such dimensions allow the first stent-graft to be positioned

such that (a) a proximal, radially larger, portion of the stent-graft, including the proximal

end thereof, is disposed in the aorta downstream from the bifurcation with the left

subclavian artery, at least partially in the upper part of the descending aorta, and (b) a

distal, radially smaller, portion of the stent-graft, including the distal end thereof, is

disposed in the left common carotid artery, such as described hereinbelow with reference

to Fig. 9C. For some applications, the proximal portion of the stent-graft has an average

perimeter that is greater than (e.g., between 5% and 15% greater than) an average

perimeter of the portion of the aorta in which it is disposed (excluding expansion of the

aorta due to the aneurysm, i.e., assuming the aorta were healthy). For some applications,

the distal portion of the stent-graft has an average perimeter that is greater than (e.g.,

between 5% and 15% greater than) the average perimeter of the portion of the left

common carotid artery in which it is disposed.

The second stent-graft

In the configuration shown in Fig. 7, second covering element 42 and second

support element 40 of second stent-graft 22 are shaped so as to together define no lateral

openings.

For some applications, as shown in Fig. 7, proximal end 46 of second stent-graft

22 is outwardly flared in a proximal direction when the stent-graft is unconstrained in its



radially-expanded state. Optionally, the stent-graft is additionally slightly indented

radially inward immediately distal to the outward flare. Typically, covering element 42

covers at least a distal portion of the outward flare. The flare enables secure anchoring of

the second stent-graft to the first stent-graft, such as described hereinbelow with reference

to Fig. 9D. Alternatively, proximal end 46 is not flared, and second stent-graft instead has

the configuration Fig. 1A or Fig. IB. In this alternate configuration, covering element 42

typically does not fully cover proximal sub-portion 70 (as shown in Fig. 1A and IB) of

support element 40, thereby allowing blood flow through the stent-graft, as described

hereinbelow with reference to Fig. 8. Optionally, proximal sub-portion 70 is flared

radially outward in a proximal direction at its proximal end.

For some applications, when second stent-graft 22 is unconstrained in its radially-

expanded state, fourth perimeter P4 of second (distal) end 48 of the second stent-graft is

substantially greater than third perimeter P3 of first (proximal) end 46 of the second stent-

graft, such as at least 150% of P3, e.g., at least 200% or at least 300%. For some

applications, third perimeter P3 is at least 5.5 cm, no more than 17 cm, and/or between 5.5

and 17 cm. For some applications, fourth perimeter P4 is at least 2.75 cm, no more than

6.3 cm, and/or between 2.75 and 6.3 cm.

For some applications, second stent-graft 22, when unconstrained in its radially-

expanded state, has an axial length of at least 5 cm, no more than 20 cm, and/or between 5

and 20 cm. (The axial length is measured along a central longitudinal axis of the stent-

graft, including in applications in which the stent-graft is curved.) For some applications,

second stent-graft 22, when unconstrained in its radially-expanded state, has a greatest

perimeter (at any axial location along the stent-graft) of at least 3 cm, no more than 6 cm,

and/or between 3 and 6 cm.

For some applications, such dimensions allow the second stent-graft to be

positioned such that (a) a proximal portion of the stent-graft, including the proximal end

thereof, is disposed in the aorta in the first stent-graft, and (b) a distal portion of the stent-

graft, including the distal end thereof, is disposed in the left common carotid artery, such

as described hereinbelow with reference to Fig. 9D. For some applications, the proximal

portion of the stent-graft has an average perimeter that is less than (e.g., between 30% and

70% less than) an average perimeter of the portion of the aortic arch in which it is

disposed (excluding expansion of the aortic arch due to the aneurysm, i.e., assuming the



aortic arch were healthy). For some applications, the distal portion of the stent-graft has

an average perimeter that is greater than (e.g., between 5% and 15% greater than) the

average perimeter of the portion of the left common carotid artery in which it is disposed.

The third stent-graft

In the configuration shown in Fig. 7, third covering element 52 and third support

element 50 of third stent-graft 24 are shaped so as to together define third lateral opening

54 (typically, exactly one third lateral opening) through third stent-graft 24 when the third

stent-graft is in its radially-expanded state.

For some applications, when third stent-graft 24 is unconstrained in its radially-

expanded state, sixth perimeter P6 of second (distal) end 58 of the third stent-graft is

substantially greater than fifth perimeter P5 of first (proximal) end 56 of the third stent-

graft, such as at least 150% of P3, e.g., at least 250% or 400%. For some applications,

fifth perimeter P5 is at least 2.5 cm, no more than 6.3 cm, and/or between 2.5 and 6.3 cm.

For some applications, sixth perimeter P6 is at least 9.4 cm, no more than 18.8 cm, and/or

between 9.4 and 18.8 cm.

For some applications, when third stent-graft 24 is unconstrained in its radially-

expanded state, a perimeter of third lateral opening 54 is at least 4.7 cm, no more than 14

cm, and/or between 4.7 and 14 cm, such as at least 6.3 cm, no more than 1 1 cm, and/or

between 6.3 and 11 cm.

For some applications, when third stent-graft 24 is unconstrained in its radially-

expanded state, a perimeter of third lateral opening 54 is at least 25%, e.g., at least 40%,

or at least 60% of sixth perimeter P6, and/or at least 50%, e.g., at least 100%, or at least

150% of fifth perimeter P5.

For some applications, third stent-graft 24, when unconstrained in its radially-

expanded state, has an axial length of at least 8 cm, no more than 30 cm, and/or between 8

and 30 cm. (The axial length is measured along a central longitudinal axis of the stent-

graft, including in applications in which the stent-graft is curved.) For some applications,

third stent-graft 24, when unconstrained in its radially-expanded state, has a greatest

perimeter (at any axial location along the stent-graft) of at least 12.5 cm, no more than 22

cm, and/or between 12.5 and 22 cm.

For some applications, such dimensions allow the third stent-graft to be positioned



such that (a) a proximal, radially smaller, portion of the stent-graft, including the proximal

end thereof, is disposed in the brachiocephalic artery, and (b) a distal, radially larger,

portion of the stent-graft, including the distal end thereof, is disposed in the aorta

upstream from the bifurcation with the brachiocephalic artery, at least partially in the

upper part of the ascending aorta, such as described hereinbelow with reference to Fig.

9E. For some applications, the proximal portion of the stent-graft has an average

perimeter that is greater than (e.g., between 5% and 15% greater than) an average

perimeter of the portion of the brachiocephalic artery in which it is disposed. For some

applications, the distal portion of the stent-graft has an average perimeter that is greater

than (e.g., between 5% and 15% greater than) the average perimeter of the portion of the

aorta in which it is disposed (excluding expansion of the aorta due to the aneurysm, i.e.,

assuming the aorta were healthy).

Thefourth stent-graft

In the configuration shown in Fig. 7, fourth covering element 62 and fourth

support element 60 of fourth stent-graft 26 are shaped so as to together define no lateral

openings.

Typically, proximal end 66 of fourth stent-graft 26 is outwardly flared in a

proximal direction, and distal end 68 is outwardly flared in a distal direction, when the

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

additionally slightly indented radially inward immediately distal to the proximal outward

flare, and immediately proximal to the distal outward flare. Typically, covering element

62 covers at least a distal portion of the proximal outward flare, and at least a proximal

portion of the distal outward flare. The flares enable secure anchoring of the fourth stent-

graft to the first and third stent-grafts, such as described hereinbelow with reference to

Figs. 9G.

For some applications, when fourth stent-graft 26 is unconstrained in its radially-

expanded state, seventh perimeter P7 of first (proximal) end 66 of the fourth stent-graft is

approximately equal to eighth perimeter P8 of second (distal) end 68 of the fourth stent-

graft, such as within 20% of P6. For some applications, each of seventh perimeter P7 and

eighth perimeter P8 is at least 6.3 cm, no more than 12.6 cm, and/or between 6.3 and 12.6

cm.



For some applications, when fourth stent-graft 26 is unconstrained in its radially-

expanded states, an axial length of fourth stent-graft 26 is at least 3 cm, no more than 10

cm, and/or between 3 and 10 cm. For some applications, when fourth stent-graft 26 is

unconstrained in its radially-expanded state, a greatest perimeter of the fourth stent-graft

(at any axial location along the stent-graft) is at least 3 cm, no more than 9 cm, and/or

between 3 and 9 cm.

For some applications, such dimensions allow the fourth stent-graft to be

positioned such that (a) a proximal portion of the stent-graft, including the proximal end

thereof, is disposed in the aortic arch in the first stent-graft, and (b) a distal portion of the

stent-graft, including the distal end thereof, is disposed in the aortic arch in the third stent-

graft, such as described hereinbelow with reference to Fig. 9G. For some applications,

each of the proximal and distal portions of the stent-graft has an average perimeter that is

less than (e.g., between 30% and 70% less than) an average perimeter of the portion of the

aortic in which they are disposed.

Additional configuration detail

For some applications, stent-grafts 20, 22, and 24 are configured (e.g., heat-set) to

have generally straight longitudinal axes when unconstrained in their radially-expanded

states, i.e., no forces are applied to the stent-grafts by a delivery tool, walls of a blood

vessel, or otherwise. The stent-grafts typically assumed curved shapes when placed in

respective blood vessels because of the force applied to the stent-grafts by the walls of the

blood vessels, such as shown in Figs. 9C-G.

For other applications, stent-grafts 20, 22, and 24 are configured (e.g., heat-set) to

have generally curved longitudinal axes when unconstrained in their radially-expanded

states, i.e., no forces are applied to the stent-grafts by a delivery tool, walls of a blood

vessel, or otherwise. This curvature may help properly position the stent-grafts with

respect to one another, such as shown in Figs. 7 and 9C-G. This configuration is similar

to the curved configuration shown in Fig. IB. For some applications, at least one the

stent-grafts is generally straight, while at least another one of the stent-grafts is generally

curved.

Typically, first and second stent-grafts 20 and 22 are not fixed to one other when

they are in their radially-compressed states. Likewise, first, second, and third stent-grafts



20, 22, and 24 are typically not fixed to one other when they are in their radially-

compressed states. Furthermore, first, second, third, and fourth stent-grafts 20, 22, 24,

and 26 are typically not fixed to one other when they are in their radially-compressed

states. In other words, the stent-grafts are initially provided as separate, non-connected

components, as shown in Fig. 4 (although they are typically initially positioned in outer

tube(s) of delivery tool(s), as described hereinbelow), which are typically assembled in

situ. Typically, first and second covering element 32 and 42 are not fixed to one other

when they are in their radially-compressed states. Likewise, first, second, and third

covering element 32, 42, and 52 are typically not fixed to one other when first, second,

and third stent-grafts 20, 22, and 24 are in their radially-compressed states. Furthermore,

first, second, third, and fourth covering elements 32, 42, 52, and 62 are typically not fixed

to one other when first, second, third, and fourth stent-grafts 20, 22, 24, and 26 are in their

radially-compressed states.

For some applications, one or more (e.g., all) of the lateral openings are

circumscribed by respective generally annular structural stent elements of the support

elements.

Assembly of the stent-grafts

Fig. 8 is a schematic illustration of multi-component stent-graft system 10, having

the configuration described with reference to Fig. 7, in an assembled state, in accordance

with an application of the present invention. As mentioned above, such assembly is

typically performed in situ during an implantation procedure, but such assembly may also

be performed ex vivo. First, second, third, and fourth stent-grafts 20, 22, 24, and 26 are

shown in Fig. 8 in their radially-expanded states.

Second stent-graft 22 is configured to be disposed through superior first lateral

opening 34D, such that a portion (e.g., the flared portion) of the second stent-graft is

disposed within first stent-graft 20, and a portion of the second stent-graft is disposed

outside of the first stent-graft. The first and second stent-grafts are configured such that

second covering element 42 forms a blood-impervious seal with first covering element 32

around superior first lateral opening 34D, when the second stent-graft is thus disposed

through the superior first lateral opening, and first and second stent-grafts 20 and 22 are in

their radially-expanded states. The first and second stent-grafts are securely anchored to

each other. The blood-impervious seal is typically formed because support element 30 of



the first stent-graft is configured to having a resting perimeter that is greater than the

perimeter of the superior first lateral opening, such that the distal inferior first lateral

opening squeezes the second stent-graft when the second stent-graft expands.

Alternatively, for some applications in which second stent-graft is not flared, when

second stent-graft 22 is disposed through first superior first lateral opening 34D and first

and second stent-grafts 20 and 22 are in their radially-expanded states, a proximal portion

of second support element 40 is disposed within first stent-graft 20, and second covering

element 42 does not fully cover this proximal portion, thereby allowing blood flow

through the first stent-graft (i.e., the second covering element does not fully cover

proximal sub-portion 70), such as shown in Fig. 2. (Optionally, proximal sub-portion 70

is flared radially outward in a proximal direction at its proximal end.) Typically, at least a

distal-most portion of this proximal portion is covered by second covering element 42, in

order to form the above-mentioned blood-impervious seal with first covering element 32.

Thus, second covering element 42 may be configured to cover a distal sub-portion, and

not a proximal sub-portion, of this proximal portion. For some of these applications,

second support element 40 is configured to extend into first stent-graft 20 a distance

sufficient to help anchor the second stent-graft to the first stent-graft, such as at least 3

cm, no more than 10 cm, and/or between 3 and 10 cm. For some applications, the

proximal portion has a perimeter that is sufficient to apply a radially-outward force

against an inner surface of a wall of first stent-graft 20, in order to help anchor the second

stent-graft to the first stent-graft. For example, an axial portion of the proximal portion

having a length of at least 5 cm may have a perimeter that is at least 10% greater than a

perimeter of a portion of the first stent-graft in which the proximal portion is disposed.

Typically, second stent-graft 22 is deployed such that proximal portion 82 extends into the

first stent-graft in a proximal direction from first lateral opening 34, such as shown in Fig.

2.

Proximal and distal ends 66 and 68 fourth stent-graft 26 are configured to be

disposed through inferior first lateral opening 34E of first stent-graft 20 and third lateral

opening 54 of third stent-graft 24, respectively, such that:

· a proximal portion (e.g., the proximal flared portion) of the fourth stent-graft is

disposed within first stent-graft 20,

• a distal portion (e.g., the distal flared portion) of the fourth stent-graft is disposed



within third stent-graft 24, and

• a middle portion of the fourth stent-graft is disposed outside of the first and third

stent-grafts.

The first and fourth stent-grafts are configured such that fourth covering element

62 forms a blood-impervious seal with first covering element 32 around inferior first

lateral opening 34E, when the proximal end of fourth stent-graft is thus disposed through

the inferior first lateral opening 34E, and first and fourth stent-grafts 20 and 26 are in their

radially-expanded states. The first and fourth stent-grafts are securely anchored to each

other. Similarly, the third and fourth stent-grafts are configured such that fourth covering

element 62 forms a blood-impervious seal with third covering element 52 around third

lateral opening 54, when distal end of the fourth stent-graft is thus disposed through the

third lateral opening, and third and fourth stent-grafts 24 and 26 are in their radially-

expanded states. The third and fourth stent-grafts are securely anchored to each other.

For some applications, a method is provided that comprises assembling first,

second, third, and fourth stent-grafts 20, 22, 24, and 26, as described hereinabove with

reference to Fig. 8, either in situ or ex vivo.

AN EXEMPLARY DEPLOYMENT PROCEDURE FOR THE CONFIGURATION IN

WHICH THE FIRST STENT-GRAFT HAS TWO LATERAL OPENINGS

Reference is made to Figs. 9A-G, which are schematic illustrations of an

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

system 10, as configured in Figs. 7 and 8, in accordance with an application of the present

invention. In this exemplary procedure, first, second, and fourth stent-grafts 20, 22, and

26 of system 10 are transvascularly (typically percutaneously) introduced into aortic arch

100, typically via one of the iliac arteries, while the stent-grafts are positioned in one or

more outer tubes of a delivery tool in their radially-compressed states. Third stent-graft

24 is typically deployed via a right subclavian artery.

Deployment of the first stent-graft

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

outer tube 130 of a delivery tool, typically near distal end 132 of the outer tube (e.g., such

that at least one end of stent-graft 20 is within a distance of distal end 132, which distance

equals the sum of 2 cm and an axial length of the first stent-graft). The exemplary



procedure begins with the advancing of guidewire 120 up descending aorta 102 and into a

first one of the branches of the aortic arch, such as left common carotid artery 104. Outer

tube 130 is advanced over guidewire 120, until first stent-graft 20 is partially disposed in

left common carotid artery 104, partially disposed in aortic arch 100, and partially

disposed an upper part of descending aorta 102, as shown in Fig. 9A. The guidewire is

withdrawn, leaving outer tube 130 in place.

As shown in Fig. 9B and 9C, the first stent-graft is held in place as outer tube 130

is withdrawn, thereby delivering the first stent-graft from the outer tube. Optionally,

techniques for holding the first stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. First 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. Alternatively, the first stent-graft (and/or the second, third,

and/or fourth stent-grafts, as described hereinbelow) is delivered using an over-the-wire

(OTW) approach, in which the guidewire is left in place until the stent-graft is expanded,

and thereafter the guidewire is withdrawn. Fig. 9B shows the first stent-graft partially

released from outer tube 130 (and thus partially expanded), and Fig. 9C shows the first

stent-graft fully released from the outer tube (and thus fully expanded).

A proximal portion 150 of first stent-graft 20, including proximal end 36, is

positioned in the upper part of descending aorta 102, a middle portion 152 of first stent-

graft 20 is positioned in aortic arch 100, and a distal portion 154 of first stent-graft 20,

including distal end 38, is positioned in left common carotid artery 104. Superior first

lateral opening 34D faces toward and is aligned with left subclavian artery 105, and

inferior first lateral opening 34E is disposed in aortic arch 100 facing upstream, generally

toward ascending aorta 101, in a vicinity of the bifurcation of aortic arch 100 and left

common carotid artery 104. For some applications, proper rotational alignment and/or

axial orientation of the first lateral openings is achieved using fluoroscopy. For example,

first stent-graft 20 may comprise one or more radiopaque markers in a vicinity (e.g., on a

periphery of) the first lateral openings.

Deployment of the second stent-graft

Also as shown in Fig. 9C, second stent-graft 22 is initially positioned in its

radially-compressed state within an outer tube of a delivery tool (either the same outer



tube 130 used to deploy the first stent-graft, or a second outer tube), typically near distal

end 132 of the outer tube (e.g., such that at least one end of stent-graft 22 is within a

distance of distal end 132, which distance equals the sum of 2 cm and an axial length of

the first stent-graft). A guidewire (either the same guidewire 120 used to deploy the first

stent-graft, or a second guidewire) is advanced up descending aorta 102, through a

proximal portion of first stent-graft 20, out of superior first lateral opening 34D, and into

left subclavian artery 105. Outer tube 130 is advanced over guidewire 120, until second

stent-graft 22 is partially disposed in left subclavian artery 105 and partially disposed

within radially-expanded first stent-graft 20 in aortic arch 100. The guidewire is

withdrawn, leaving outer tube 130 in place.

As shown in Fig. 9D, the second stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the second stent-graft from the outer tube. Optionally,

techniques for holding the second stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Second 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 blood vessels.

A proximal portion of second stent-graft 22, including proximal end 46, is

positioned within first stent-graft 20 in aortic arch 100, and a distal portion of second

stent-graft 22, including distal end 48, is positioned in left subclavian artery 105.

Second stent-graft 22 is thus adapted for transluminal delivery in its radially-

compressed state through a portion of first stent-graft 20 and one of first lateral openings

34 (e.g., superior first lateral opening 34D), while the first stent-graft is in its radially-

expanded state.

Deployment of the third stent-graft

As also shown in Fig. 9D, third stent-graft 24 is initially positioned in its radially-

compressed state within an outer tube 230 of a delivery tool (typically separate from outer

tube 130 used to deploy the first and/or second stent-grafts), typically near a distal end

232 of the outer tube (e.g., such that at least one end of stent-graft 24 is within a distance

of distal end 232, which distance equals the sum of 2 cm and an axial length of the third

stent-graft). A guidewire 220 (typically separate from guidewire 120 used to deploy the



first and/or second stent-grafts) is advanced down a right subclavian artery 108 and

brachiocephalic artery 103 into the upper part of ascending aorta 101. Outer tube 230 is

advanced over guidewire 220, until third stent-graft 24 is partially disposed in

brachiocephalic artery 103 and partially disposed in the upper part of ascending aorta 101.

The guidewire is withdrawn, leaving outer tube 130 in place.

As shown in Fig. 9E, the third stent-graft is held in place as outer tube 230 is

withdrawn, thereby delivering the third stent-graft from the outer tube. Optionally,

techniques for holding the third stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Third stent-graft 24

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.

A proximal portion of third stent-graft 24, including proximal end 56, is positioned

within brachiocephalic artery 103, and a distal portion of third stent-graft 24, including

distal end 58, is positioned in the upper part of ascending aorta 101. Third lateral opening

54 is disposed in aortic arch 100 facing downstream, generally toward descending aorta

102, in a vicinity of the bifurcation of aortic arch 100 and brachiocephalic artery 103,

such that third lateral opening 54 faces and aligned with inferior first lateral opening 34E

of first stent-graft 20.

Alternatively, third stent-graft 24 is deployed prior to deployment of first stent-

graft 20 (in which case, typically also prior to deployment of second stent-graft 22).

Deployment of thefourth stent-graft

As shown in Fig. 9F, fourth stent-graft 26 is initially positioned in its radially-

compressed state within an outer tube of a delivery tool (either the same outer tube 130

used to deploy the first and/or second stent-grafts, or an additional outer tube), typically

near distal end 132 of the outer tube (e.g., such that at least one end of stent-graft 26 is

within a distance of distal end 132, which distance equals the sum of 2 cm and an axial

length of the first stent-graft). A guidewire (either the same guidewire 120 used to deploy

the first and or second stent-grafts or an additional guidewire) is advanced up descending

aorta 102, through a proximal portion of first stent-graft 20, and out of inferior first lateral

opening 34E. The guidewire is advanced through aortic arch 100 between inferior first



lateral opening 34E of first stent-graft 20 and third lateral opening 54 of third stent-graft

24. Outer tube 130 is advanced over guidewire 120, until fourth stent-graft 26 is partially

disposed in third stent-graft 24, partially disposed in first stent-graft 20, and partially

disposed in aortic arch 100 between the first and third stent-grafts. The guidewire is

withdrawn, leaving outer tube 130 in place.

As shown in Fig. 9G, the fourth stent-graft is held in place as outer tube 130 is

withdrawn, thereby delivering the fourth stent-graft from the outer tube. Optionally,

techniques for holding the fourth stent-graft in place may be used that are described

hereinbelow with reference to Figs. 10 and 11A-E or Figs. 12A-C. Fourth stent-graft 26

typically self-expands, until it assumes its radially-expanded state, upon reaching its

maximum unconstrained size, and/or being constrained from further expansion by inferior

first lateral opening 34E, third lateral opening 54, and/or the wall of aortic arch 100.

A proximal portion of fourth stent-graft 26, including proximal end 66, is

positioned within first stent-graft 20, a distal portion of fourth stent-graft 26, including

distal end 68, is positioned within third stent-graft 24, and a middle portion of fourth

stent-graft 26 is positioned in aortic arch 100.

Fourth stent-graft 26 is thus adapted for transluminal delivery in its radially-

compressed state through a portion of first stent-graft 20 and one of first lateral openings

34 (e.g., inferior first lateral opening 34E), and through third lateral opening 54 and a

portion of third stent-graft 24, while the first and third stent-grafts are in their radially-

expanded state. Alternatively, fourth stent-graft 26 is deployed through right subclavian

artery 108 and brachiocephalic artery 103, and through fourth stent-graft 26

(configuration not shown).

As can be seen in Fig. 9G, upon deployment of all four stent-grafts, multi-

component stent-graft system 10 defines a blood-flow path from ascending aorta 101,

over aortic arch 100, and to descending aorta 102. Multi-component stent-graft system 10

additionally provides blood-flow paths to the three branches of the aortic arch:

brachiocephalic artery 103, left common carotid artery 104, and left subclavian artery

105.

Reference is now made to Fig. 9H, which is a schematic illustration of an

alternative configuration and deployment of stent-graft system 10, in accordance with an

application of the present invention. In this deployment, first and second stent-grafts 20



and 22 are configured as described hereinabove with reference to Figs. 7 and 8, and are

deployed as described hereinabove with reference to Figs. 9A-D. Third stent-graft 24 is

configured similarly to the configuration thereof described hereinabove with reference to

Figs. 7 and 8, and is deployed through a portion of first stent-graft 20 and inferior first

lateral opening 34E, such that third stent-graft 24 is disposed in aortic arch 100 and/or the

upper part of ascending aorta 101, and third lateral opening 54 faces toward and is aligned

with brachiocephalic artery 103. Fourth stent-graft 26 is configured as described

hereinabove with reference to Figs. 4 and 5, and is deployed through a portion of first

stent-graft 20, a portion of third stent-graft 24, and third lateral opening 54 into

brachiocephalic artery 103.

In yet another alternative deployment (not shown), first and second stent-grafts 20

and 22 are configured as described hereinabove with reference to Figs. 7 and 8, and are

deployed as described hereinabove with reference to Figs. 9A-D. Third stent-graft 24 is

configured as described hereinabove with reference to Figs. 1A-2, and is deployed

through a portion of first stent-graft 20 and inferior first lateral opening 34E as described

hereinabove with reference to Figs. 3G-I, mutatis mutandis. Optionally, fourth stent-graft

26 is configured as described hereinabove with reference to Figs. 1A-2, and is deployed

through a portion of first stent-graft 20, a portion of third stent-graft 24, and third lateral

opening 54 as described hereinabove with reference to Figs. 3J-L, mutatis mutandis.

DELIVERY TOOLS

As mentioned above, for some applications of the present invention, two or more

of stent-grafts 20, 22, 24, and 26 are deployed from the same outer tube 130 of a delivery

tool 300. For some such applications, the two or more stent-grafts are initially positioned

at respective axial sites within outer tube 130, in their radially-compressed states without

being fixed to each other.

Reference is made to Fig. 10, which is a schematic illustration of first and second

stent-grafts 20 and 24 initially positioned within outer tube 130 of a delivery tool 300, in

accordance with an application of the present invention. First and second stent-grafts 20

and 22 are initially positioned at respective axial sites within outer tube 130, in their

radially-compressed states without being fixed to each other. Typically, first and second

stent-grafts 20 and 22 are initially positioned in the outer tube such that at least one end of

one of the stent-grafts (for example, first stent-graft 20, as shown in Fig. 10) is within a



distance of distal end 132 of outer tube 130, which distance equals the sum of 2 cm and an

axial length of first stent-graft 20. Additional stent-grafts (e.g., third stent-graft 24 and/or

fourth stent-graft 26) may also be initially positioned at respective axial sites within outer

tube 130.

For some applications, delivery tool 300 is shaped so as to define first and second

stopper elements 310 and 312, which are configured and initially positioned to prevent

movement of first and second stent-grafts 20 and 22, respectively, in a proximal direction

away from distal end 132 of outer tube 130. For some applications, as shown in Fig. 10,

delivery tool 300 further comprises an inner longitudinal member 314, which is initially

positioned such that first and second portions 316 and 318 thereof are within first and

second stent-grafts 20 and 22, respectively, and inner longitudinal member 314 is shaped

so as to define first and second stopper elements 310 and 312. The stopper elements are

shaped and/or sized to prevent passage thereof through the stent-grafts when in their

radially-compressed states. If additional stent-grafts are also positioned in the outer tube,

the inner longitudinal member is typically shaped so as to define additional respective

stopper elements. Typically, inner longitudinal member 314 is shaped so as to define a

lumen therethrough (not shown), through which guidewire 120 may pass, as shown in a

number of the figures described hereinabove.

Reference is made to Figs. 11A-E, which are schematic illustrations showing the

deployment of first and second stent-grafts 20 and 22 using deployment tool 300

configured as described hereinabove with reference to Fig. 10, in accordance with an

application of the present invention. Although these illustrations show the deployment of

first and second stent-grafts 20 and 22 in the configuration described hereinabove with

reference to Figs. 1A-C and 2, this deployment technique may also be used to deploy

additional stent-grafts (such as third and/or fourth stent-grafts 24 and 26), and/or stent-

grafts with other configurations, including the other configurations described hereinabove

with reference to Figs. 4-5 and Figs. 7-8, or other stent-grafts known in the art.

The exemplary procedure begins with the advancing of guidewire 120 up

descending aorta 102 and into a first one of the branches of aortic arch 100, such as left

subclavian artery 105, as shown in Fig. 11A.

As shown in Fig. 11B, first stent-graft 20 is initially positioned in its radially-

compressed state within outer tube 130 of delivery tool 300, typically near distal end 132



of the outer tube, surrounding first portion 316 of inner longitudinal member 314. Second

stent-graft 22 is initially positioned in its radially-compressed state within outer tube 130,

typically near a proximal end of the first stent-graft, surrounding second portion 318.

First stopper elements 310 is positioned proximally adjacent to first stent-graft 20 (and

distal to second stent-graft 22), and second stopper element 312 is positioned proximally

adjacent to second stent-graft 22. For applications in which additional stent-grafts are

also deployed, additional stopper elements are typically provided and positioned in like

manner.

Outer tube 130 is advanced over guidewire 120, until first stent-graft 20 is

partially disposed in left subclavian artery 105 and partially disposed in the upper part of

descending aorta 102. The guidewire is withdrawn, leaving outer tube 130 in place.

As shown in Fig. 11C, as outer tube 130 is withdrawn, first stent-graft 20 is held in

place by first stopper element 310, which prevents movement of the first stent-graft in a

proximal direction. First 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.

Guidewire 120 is advanced up descending aorta 102, through a proximal portion

of first-stent-graft 20, out of first lateral opening 34, and into a second one of the branches

of aortic arch 100, such as left common carotid artery 104, as shown in Fig. 1ID.

Outer tube 130 is advanced over guidewire 120, until second stent-graft 22 is

partially disposed in left common carotid artery 104 and partially disposed within

radially-expanded first stent-graft 20 in the upper part of descending aorta 102, as shown

in Fig. HE. First portion 316 of inner longitudinal member 314 is disposed in left

common carotid artery 104, further up the artery than the distal end of second stent-graft

22. When outer tube 130 is subsequently withdrawn (not shown), second stent-graft 22 is

held in place by second stopper element 312, which prevents movement of the second

stent-graft in a proximal direction. Deployment continues as described hereinabove.

Reference is made to Figs. 12A-C, which are schematic illustrations of another

configuration of delivery tool 300, in accordance with an application of the present

invention. Except as described below, this configuration of the delivery tool is generally

similar to the configuration described hereinabove with reference to Fig. 10. As in the

configuration described hereinabove, first and second stent-grafts 20 and 22 are initially



positioned at respective axial sites within outer tube 130, in their radially-compressed

states without being fixed to each other, as shown in Fig. 12A. Additional stent-grafts

(e.g., third stent-graft 24 and/or fourth stent-graft 26) may also be initially positioned at

respective axial sites within out tube 130. Inner longitudinal member 314 is initially

positioned such that first and second portions 316 and 318 thereof are within first and

second stent-grafts 20 and 22, respectively.

Inner longitudinal member 314 is shaped so as to define a stopper element 330.

The stopper element is shaped and/or sized to prevent passage thereof through the stent-

grafts when in their radially-compressed states, but to be withdrawable in the proximal

direction through the stent-graft(s) positioned proximal to the stopper element, when the

stent-grafts are in their radially-compressed states. For example, stopper element 330 is

configured to be withdrawable in the proximal direction through second stent-graft 22,

and after being thus withdrawn, to prevent movement of second stent-graft 22 in the

proximal direction. For some applications, an inner surface of outer tube 130 is shaped so

as to define at least one pusher element 320, which is configured to prevent movement of

at least one of the first and second stent-grafts in the proximal direction, but to allow

advancement of the stent-grafts in the distal direction with respect to the outer tube. If

additional stent-grafts are also positioned in the outer tube, the inner longitudinal member

is optionally shaped so as to define one or more spacer elements 332, which are

configured to maintain adjacent stent-grafts slightly axially spaced apart from each other,

and to slide bidirectionally through the additional stent-grafts.

Fig. 12A shows the stent-grafts in their initial positions in outer tube 130. As

shown in Fig. 12B, after first stent-graft 20 has been positioned at a desired anatomical

location, outer tube 130 is withdrawn in a proximal direction (downward in the figure),

while holding inner longitudinal member 314 stationary. Stopper element 330 prevents

proximal movement of the first stent-graft, causing the first stent-graft to be deployed

from outer tube 130, and to self-expand around first portion 316 of inner longitudinal

member 314. The second set of one or more pusher elements 320 prevents proximal

movement of second stent-graft 22, so that the second stent-graft is now positioned near

distal end 132 of outer tube 130, still surrounding second portion 318 of inner longitudinal

member 314.

As shown in Fig. 12C, inner longitudinal member 314 is withdrawn in a proximal



direction. Pusher element(s) 320 prevent proximal motion of second stent-graft 22, while

stopper element 330 of inner longitudinal member 314 slides proximally through second

stent-graft 22. As a result, the second stent-graft remains positioned near distal end 132,

and now surrounds first portion 316, rather than second portion 318, of inner longitudinal

member 314. The second stent-graft is now ready for deployment. This technique

obviates the need for first portion 316 of inner longitudinal member 314 to be extended up

a target blood vessel, such as shown in Fig. 1IE.

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

or more of stent-grafts 20, 22, 24, and/or 26.

For some applications, one or more of stent-grafts 20, 22, 24, and/or 26 comprise

one or more anchoring elements, such as barbs, that extend radially outwardly when the

stent-grafts assume their radially-expanded states. The anchoring elements anchor the

prosthesis to a vascular wall, helping prevent dislodgement.

Although stent-grafts 20, 22, 24, and 26 have sometimes been described

hereinabove as being deployed in an area of the thoracic aorta, the stent-grafts may, for

some applications, also be deployed in another main body lumen and one or more of its

branching body lumens, such as another main blood vessel and one or more of its

branching blood vessels. For example:

• the first stent-graft may extend from the external carotid artery into the

internal carotid artery, such that the first lateral opening faces the common

carotid artery, and the second stent-graft may extend from the external

carotid artery, through the first lateral opening, and into the common

carotid artery; or

• the first stent-graft may extend from the external iliac artery into the

internal iliac artery, such that the first lateral opening faces the common

iliac artery, and the second stent-graft may extend from the external iliac

artery, through the first lateral opening, and into the common 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/TL2008/000287, 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 61/219,758, filed June 23, 2009

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

• PCT Application PCT/IB2010/052861 , filed June 23, 2010

• a PCT application filed July 14, 2010, entitled, "Sideport engagement and

sealing mechanism for endoluminal stent-grafts"

• PCT Application PCT/IL2010/000917, filed November 4, 2010

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

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

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

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

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

foregoing description.



CLAIMS

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

a first generally tubular stent-graft, which is shaped so as to define a first lateral

opening when in a radially-expanded state;

a second generally tubular stent-graft, which is shaped so as to define a second

lateral opening when in a radially-expanded state, wherein the first and second stent-grafts

are configured such that the second stent-graft forms a blood-impervious seal with the

first stent-graft around the first lateral opening when the second stent-graft is disposed

therethrough, and the first and the second stent-grafts are in their radially-expanded states;

and

a third generally tubular stent-graft, which is configured to assume a radially-

expanded state, wherein the second and the third stent-grafts are configured such that the

third stent-graft forms a blood-impervious seal with the second stent-graft around the

second lateral opening when the third stent-graft is disposed therethrough, and the second

and third stent-grafts are in their radially-expanded states.

2. The apparatus according to claim 1,

wherein the first stent-graft comprises a first generally tubular support element and

a first covering element attached to the first support element so as to at least partially

cover the first support element, and the first covering element and the first support

element are shaped so as to together define the first lateral opening through the first stent-

graft when the first stent-graft is in its radially-expanded state,

wherein the second stent-graft comprises a second generally tubular support

element and a second covering element attached to the second support element so as to at

least partially cover the second support element, and the second covering element and the

second support element are shaped so as to together define the second lateral opening

through the second stent-graft when the second stent-graft is in its radially-expanded state,

and the first and the second stent-grafts are configured such that the second covering

element forms the blood-impervious seal with the first covering element around the first

lateral opening when the second stent-graft is disposed therethrough, and the first and the

second stent-grafts are in their radially-expanded states, and

wherein the third stent-graft comprises a third generally tubular support element

and a third covering element attached to the third support element so as to at least partially



cover the third support element, and the second and the third stent-grafts are configured

such that the third covering element forms the blood-impervious seal with the second

covering element around the second lateral opening when the third stent-graft is disposed

therethrough, and the second and third stent-grafts are in their radially-expanded states.

3. The apparatus according to claim 2, wherein the first, the second, and the third

covering elements are not fixed to one another when the first, the second, and the third

stent-grafts are in their radially-compressed states.

4. The apparatus according to claim 2, wherein, when the third stent-graft is disposed

through the second lateral opening and the second and the third stent-grafts are in their

radially-expanded states:

a proximal portion of the third support element is disposed within the second

stent-graft, and

the third covering element does not fully cover the proximal portion of the third

support element, thereby allowing blood flow through the second stent-graft.

5. The apparatus according to claim 1, wherein the second stent-graft is configured to

transition, without inverting, from a radially-compressed state to its radially-expanded

state.

6. The apparatus according to claim 1, wherein the third stent-graft is configured to

transition, without inverting, from a radially-compressed state to its radially-expanded

state.

7. The apparatus according to claim 1, wherein the first, the second, and the third

stent-grafts are not fixed to one other when in their radially-compressed states.

8. The apparatus according to claim 1, wherein the third stent-graft is adapted for

transluminal delivery in a radially-compressed state through, sequentially, (a) a portion of

the first stent-graft, (b) the first lateral opening, (c) a portion of the second stent-graft, and

(d) the second lateral opening, while the first and the second stent-grafts are in their

radially-expanded states.

9. The apparatus according to claim 1,

wherein the third stent-graft is shaped so as to define a third lateral opening when

in its radially-expanded state,

wherein the stent-graft system further comprises a fourth generally tubular stent-



graft, which is configured to assume a radially-expanded state, and

wherein the third and the fourth stent-grafts are configured such that the fourth

stent-graft forms a blood-impervious seal with the third stent-graft around the third lateral

opening when the fourth stent-graft is disposed therethrough, and the third and the fourth

stent-grafts are in their radially-expanded states.

10. T e apparatus according to claim 9,

wherein the third covering element and the third support element are shaped so as

to together define the third lateral opening through the third stent-graft when the third

stent-graft is in its radially-expanded state,

wherein the fourth stent-graft comprises a fourth generally tubular support element

and a fourth covering element, which is attached to the fourth support element so as to at

least partially cover the fourth support element, and

wherein the third and the fourth stent-grafts are configured such that the fourth

covering element forms the blood-impervious seal with the third covering element around

the third lateral opening when the fourth stent-graft is disposed therethrough, and the third

and the fourth stent-grafts are in their radially-expanded states.

11. The apparatus according to claim 10, wherein the fourth covering element and the

fourth support element are not shaped so as to together define any lateral openings

through the fourth stent-graft when the fourth stent-graft is in its radially-expanded state.

12. The apparatus according to claim 9, wherein the first, the second, the third, and the

fourth stent-grafts are configured for transluminal delivery for transport to respective sites

within a body lumen when in radially-compressed states, and wherein the fourth stent-

graft is adapted for transluminal delivery in its radially-compressed state through,

sequentially, (a) a portion of the first stent-graft, (b) the first lateral opening, (c) a portion

of the second stent-graft, (d) the second lateral opening, (e) a portion of the third stent-

graft, and (f) the third lateral opening, while the first, the second, and the third stent-grafts

are in their radially-expanded states.

13. The apparatus according to claim 1,

wherein (a) a proximal portion of the first stent-graft, including a proximal end of

the first-stent-graft, is configured to be positioned in a proximal portion of a main blood

vessel, (b) a distal portion of the first stent-graft, including a distal end of the first stent-

graft, is configured to be positioned in a branching blood vessel that branches from the



main blood vessel, and (c) the first stent-graft is configured such that a first lateral

opening defined by the first stent-graft is disposed within the main blood vessel facing

toward a distal portion of the main blood vessel, and

wherein the second stent-graft is configured to be disposed partially in the distal

portion of the main blood vessel.

14. The apparatus according to claim 1, wherein the first stent-graft is shaped so as to

define exactly one first lateral opening when the first stent-graft is in its radially-expanded

state.

15. Apparatus comprising a multi-component stent-graft system, which comprises:

a first generally tubular stent-graft, which, when unconstrained in a radially-

expanded state: (a) defines a first lateral opening, and (b) has a first perimeter of a first

end thereof that equals at least 200% of a second perimeter of a second end thereof; and

a second generally tubular stent-graft, which is configured to assume a radially-

expanded state, wherein the first and the second stent-grafts are configured such that the

second stent-graft forms a blood-impervious seal with the first stent-graft around the first

lateral opening when the second stent-graft is disposed therethrough, and the first and

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

16. The apparatus according to claim 15,

wherein the first stent-graft comprises a first generally tubular support element and

a first covering element attached to the first support element so as to at least partially

cover the first support element, and the first covering element and the first support

element are shaped so as to together define the first lateral opening through the first stent-

graft when the first stent-graft is in its radially-expanded state, and

wherein the second stent-graft comprises a second generally tubular support

element and a second covering element attached to the second support element so as to at

least partially cover the second support element, and the first and the second stent-grafts

are configured such that the second covering element forms the blood-impervious seal

with the first covering element around the first lateral opening when the second stent-graft

is disposed therethrough, and the first and the second stent-grafts are in their radially-

expanded states.

17. The apparatus according to claim 15, wherein the first perimeter equals at least

250% of the second perimeter.



18. The apparatus according to claim fl7, wherein the first perimeter equals at least

400% of the second perimeter.

19. The apparatus according to claim 15, wherein the first perimeter is between 7.5

and 15 cm, and the second perimeter is between 2.5 and 5.7 cm.

20. The apparatus according to claim 15, wherein, when the first stent-graft is

unconstrained in its radially-expanded state, a perimeter of the first lateral opening is at

least 40% of the first perimeter.

21. The apparatus according to claim 15, wherein, when the first stent-graft is

unconstrained in its radially-expanded state, a perimeter of the first lateral opening is at

least 60% of the second perimeter.

22. The apparatus according to claim 15, wherein the second stent-graft is configured

to transition, without inverting, from a radially-compressed state to its radially-expanded

state.

23. The apparatus according to claim 15,

wherein the first lateral opening includes a superior first lateral opening and an

inferior first lateral opening,

wherein the first stent-graft is shaped so as to define the superior first lateral

opening facing in a first radial direction, and the inferior first lateral opening facing a

second radial direction generally opposite the first radial direction, and

wherein the first and the second stent-grafts are configured such that the second

stent-graft forms the blood-impervious seal with the first stent-graft around one of the

superior and inferior first lateral openings when the second stent-graft is disposed

therethrough, and the first and second stent-grafts are in their radially-expanded states.

24. The apparatus according to claim 23, wherein the first and the second stent-grafts

are configured such that the second stent-graft forms the blood-impervious seal with the

first covering element around the superior first lateral opening when the second stent-graft

is disposed therethrough, and the first and second stent-grafts are in their radially-

expanded states.

25. The apparatus according to claim 15, wherein the first stent-graft is shaped so as to

define exactly one first lateral opening when the first stent-graft is in its radially-expanded

state.



26. Apparatus comprising a multi-component stent-graft system, which comprises:

a first stent-graft, which is shaped so as to define, when in a radially-expanded

state, proximal and distal superior first lateral openings facing in a first radial direction,

and a distal inferior first lateral opening facing a second radial direction generally

opposite the first radial direction; and

second, third, and fourth branching stent-grafts, which are configured assume

radially-expanded states, wherein the first, the second, the third, and the fourth stent-grafts

are configured such that the branching stent-grafts form respective blood-impervious seals

with the first stent-graft around the distal inferior first lateral opening, the distal superior

first lateral opening, and the proximal superior first lateral opening, respectively, when the

branching stent-grafts are disposed therethrough, respectively, and the first, the second,

the third, and the fourth stent-grafts are in their radially-expanded states.

27. The apparatus according to claim 26,

wherein the first stent-graft comprises a first generally tubular support element and

a first covering element attached to the first support element so as to at least partially

cover the first support element, and the first covering element and the first support

element are shaped so as to together define, when the first stent-graft is in its radially-

expanded state, the proximal and the distal superior first lateral openings facing in the first

radial direction, and the distal inferior first lateral opening facing the second radial

direction, and

wherein the second, the third, and the fourth branching stent-grafts comprise

respective generally tubular branching support elements and respective branching

covering elements, attached to the branching support elements so as to at least partially

cover the branching support elements, and the first, the second, the third, and the fourth

stent-grafts are configured such that the branching covering elements form the respective

blood-impervious seals with the first covering element around the distal inferior first

lateral opening, the distal superior first lateral opening, and the proximal superior first

lateral opening, respectively, when the branching stent-grafts are disposed therethrough,

respectively, and the first, the second, the third, and the fourth stent-grafts are in their

radially-expanded states.

28. The apparatus according to claim 26, wherein the distal inferior first lateral

opening is not axially aligned with either of the proximal or distal superior first lateral

openings.



29. The apparatus according to claim 28, wherein the distal inferior first lateral

opening does not axially overlap with either of the proximal or distal superior first lateral

openings.

30. Apparatus comprising a multi-component stent-graft system, which comprises:

a first stent-graft, which is shaped so as to define, when in a radially-expanded

state, a superior first lateral opening facing in a first radial direction, and an inferior first

lateral opening facing in a second radial direction generally opposite the first radial

direction;

a second stent-graft, which is configured to assume a radially-expanded state,

wherein the first and the second stent-grafts are configured such that the second stent-

graft forms a blood-impervious seal with the first stent-graft around the superior first

lateral opening when the second stent-graft is disposed therethrough, and the first and the

second stent-grafts are in their radially-expanded states;

a third stent-graft, which is shaped so as to define a third lateral opening through

the third stent-graft when the third stent-graft is in a radially-expanded state; and

a fourth stent-graft having first and second ends, which stent-graft is configured to

assume a radially-expanded state, wherein the first, the third, and the fourth stent-grafts

are configured such that, when the first, the third, and the fourth stent-grafts are in their

radially-expanded states, the fourth stent-graft forms blood-impervious seals with (a) the

first stent-graft around the inferior first lateral opening when the first end of the fourth

stent-graft is disposed therethrough, and (b) the third stent-graft around the third lateral

opening when the second end of the fourth stent-graft is disposed therethrough.

31. The apparatus according to claim 30,

wherein the first stent-graft comprises a first generally tubular support element and

a first covering element attached to the first support element so as to at least partially

cover the first support element, wherein the first covering element and the first support

element are shaped so as to together define, when the first stent-graft is in its radially-

expanded state, the superior first lateral opening facing in the first radial direction, and the

inferior first lateral opening facing in the second radial direction,

wherein the second stent-graft comprises a second generally tubular support

element and a second covering element attached to the second support element so as to at

least partially cover the second support element, wherein the first and the second stent-



grafts are configured such that the second covering element forms the blood-impervious

seal with the first covering element around the superior first lateral opening when the

second stent-graft is disposed therethrough, and the first and the second stent-grafts are in

their radially-expanded states,

wherein the third stent-graft comprises a third generally tubular support element

and a third covering element attached to the third support element so as to at least partially

cover the third support element, wherein the third covering element and the third support

element are shaped so as to together define the third lateral opening through the third

stent-graft when the third stent-graft is in its radially-expanded state, and

wherein the fourth stent-graft comprises a fourth generally tubular support element

and a fourth covering element attached to the fourth support element so as to at least

partially cover the fourth support element, wherein the first, the third, and the fourth stent-

grafts are configured such that, when the first, the third, and the fourth stent-grafts are in

their radially-expanded states, the fourth covering element forms the blood-impervious

seals with (a) the first covering element around the inferior first lateral opening when the

first end of the fourth stent-graft is disposed therethrough, and (b) the third covering

element around the third lateral opening when the second end of the fourth stent-graft is

disposed therethrough.

32. The apparatus according to claim 30, wherein the inferior first lateral opening is

not axially aligned with the superior first lateral opening.

33. The apparatus according to claim 32, wherein the inferior first lateral opening does

not axially overlap with the superior first lateral opening.

34. Apparatus comprising a multi-component stent-graft system, which comprises:

a first stent-graft, which is configured to assume radially-expanded and radially-

compressed states;

a second stent-graft, which is configured to assume radially-expanded and

radially-compressed states; and

a delivery tool, which comprises an outer tube, in which the first and the second

stent-grafts are initially positioned at respective axial sites within the outer tube, in their

radially-compressed states without being fixed to each other.

35. The apparatus according to claim 34,

wherein the first and second stent-grafts are initially positioned in the outer tube



such that at least one end of the first stent-graft is within a distance of a distal end of the

outer tube, which distance equals the sum of 2 cm and an axial length of the first stent-

graft, and

wherein the delivery tool is shaped so as to define first and second stopper

elements, which are configured and initially positioned to prevent movement of the first

and the second stent-grafts, respectively, in a proximal direction away from the distal end

of the outer tube.

36. The apparatus according to claim 35, wherein an inner surface of the outer tube is

shaped so as to define the first and second stopper elements.

37. The apparatus according to claim 35, wherein the delivery tool further comprises

an inner longitudinal member, which is initially positioned such that first and second

portions thereof are within the first and the second stent-grafts, respectively, and wherein

the inner longitudinal member is shaped so as to define the first and the second stopper

elements.

38. The apparatus according to claim 37, wherein the inner longitudinal member is

shaped so as to define a lumen therethrough.

39. The apparatus according to claim 34,

wherein the first and the second stent-grafts are initially positioned in the outer

tube such that at least one end of the first stent-graft is within a distance of a distal end of

the outer tube, which distance equals the sum of 2 cm and an axial length of the first stent-

graft,

wherein the delivery tool further comprises an inner longitudinal member, which

is initially positioned such that first and second portions thereof are within the first and

the second stent-grafts, respectively, and

wherein the inner longitudinal member is shaped so as to define a stopper element,

which is:

configured and initially positioned to prevent movement of the first stent-

graft in a proximal direction away from the distal end of the outer tube, and

configured to be withdrawable in the proximal direction through the

second stent-graft, and after being thus withdrawn, to prevent movement of the

second stent-graft in the proximal direction.

40. The apparatus according to claim 39, wherein an inner surface of the outer tube is



shaped so as to define at least one pusher element, which is configured to prevent

movement of at least one of the first and the second stent-grafts in the proximal direction.

41. The apparatus according to claim 39, wherein the delivery tool further comprises

at least one pusher element, which is configured to prevent movement of at least one of

the first and the second stent-grafts in the proximal direction.

42. The apparatus according to claim 39, wherein the inner longitudinal member is

shaped so as to define a lumen therethrough.

43. The apparatus according to claim 34, wherein the first stent-graft is initially

positioned in the outer tube such that at least one end of the first stent-graft is within a

distance of a distal end of the outer tube, which distance equals the sum of 2 cm and an

axial length of the first stent-graft, and wherein the second stent-graft is initially

positioned in the outer tube such that the first stent-graft is longitudinally between the

distal end of the outer tube and the second stent-graft.

44. The apparatus according to claim 34, wherein the first stent-graft is shaped so as to

define a first lateral opening.

45. The apparatus according to claim 44,

wherein the first stent-graft comprises a first generally tubular support element and

a first covering element, which is attached to the first support element so as to at least

partially cover the first support element, and the first covering element and the first

support element are shaped so as to together define the first lateral opening,

wherein the second stent-graft comprises a second generally tubular support

element and a second covering element, which is attached to the second support element

so as to at least partially cover the second support element, and

wherein the first and the second stent-grafts are configured such that the second

covering element forms a blood-impervious seal with the first covering element around

the first lateral opening when the second stent-graft is disposed therethrough, and the first

and the second stent-grafts are in their radially-expanded states.

46. The apparatus according to any one of claims 1, 15, 26, 45, wherein a proximal

end of the second stent-graft is flared radially outward in a proximal direction, when the

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

47. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein the



second stent-graft has a generally cylindrical shape when the second stent-graft is

unconstrained in its radially-expanded state.

48. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein the

first and the second stent-grafts are configured for transluminal delivery for transport to

respective sites within a body lumen when in their radially-compressed states.

49. The apparatus according to claim 9, wherein the second stent-graft is adapted for

transluminal delivery in its radially-compressed state through a portion of the first stent-

graft and the first lateral opening, while the first stent-graft is in its radially-expanded

state.

50. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein the

first stent-graft further comprises one or more radiopaque markers, located in a vicinity of

the first lateral opening.

51. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein an

axial length of the first stent-graft is between 5 and 30 cm, when the first stent-graft is

unconstrained in its radially-expanded state.

52. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein an

axial length of the second stent-graft is between 5 and 20 cm, when the second stent-graft

is unconstrained in its radially-expanded state.

53. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein a

greatest perimeter of the first stent-graft is between 4.5 and 19 cm, when the first stent-

graft is unconstrained in its radially-expanded state.

54. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein a

greatest perimeter of the second stent-graft is between 9 and 22 cm, when the second

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

55. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein a

perimeter of one end of the first stent-graft is between 7.5 and 15 cm, when the first stent-

graft is unconstrained in its radially-expanded state.

56. The apparatus according to any one of claims 1, 15, 26, 30, and 34, wherein a

perimeter of one end of the second stent-graft is between 5 and 15.4 cm, when the second

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



57. The apparatus according to any one of claims 2, 16, 27, 31, and 45, wherein, when

the second stent-graft is disposed through the first lateral opening and the first and the

second stent-grafts are in their radially-expanded states:

a proximal portion of the second support element is disposed within the first stent-

graft, and

the second covering element does not fully cover the proximal portion of the

second support element, thereby allowing blood flow through the first stent-graft.

58. The apparatus according to claim 57, wherein an axial portion of the proximal

portion of the second support element having a length of at least 1 cm has a perimeter that

is at least 10% greater than a perimeter of a portion of the first stent-graft in which the

proximal portion of the second support element is disposed, when the first and second

stent-grafts are in their radially-expanded states.

59. The apparatus according to claim 57, wherein the second covering element is

configured to cover a distal sub-portion, and not a proximal sub-portion, of the proximal

portion of the second support element.

60. The apparatus according to any one of claims 2, 16, 27, 31, and 45, wherein a

section of the second covering element extends through the first lateral opening and into a

portion of the first stent-graft when the second stent-graft is disposed through the first

lateral opening.

61. The apparatus according to any one of claims 2, 16, 27, 31, and 45, wherein the

first covering element only partially covers the first support element.

62. The apparatus according to any one of claims 2, 16, 27, 31, 45, wherein at least

one of the first and the second support elements is shaped so as to define one or more

circumferentially-disposed, radially-protruding barbs, when the at least one of the first

and second support elements is in its radially-expanded state.

63. A method for treating a patient, comprising:

transvascularly introducing and positioning a first stent-graft, which is shaped so

as to define one or more first lateral openings, such that (a) a proximal portion of the first

stent-graft, including a proximal end of the first-stent-graft, is in an upper part of a

descending aorta, (b) a distal portion of the first stent-graft, including a distal end of the

first stent-graft, is in a branch of an aortic arch, and (c) one of the one or more first lateral



openings is disposed within the aortic arch facing upstream, generally toward an

ascending aorta; and

transvascularly introducing and passing a second stent-graft through the proximal

portion of the first stent-graft such that the second stent-graft is disposed through the one

of the one or more first lateral openings and is disposed partially in the aortic arch, and

forms a blood-impervious seal with the first stent-graft around the one of the one or more

first lateral openings.

64. The method according to claim 63, wherein the branch is a left subclavian artery,

and wherein positioning the first stent-graft comprises positioning the first stent-graft such

that the distal portion of the first stent-graft, including the distal end of the first stent-graft,

is in the left subclavian artery.

65. The method according to claim 64, wherein passing comprises passing the second

stent-graft through the proximal portion of the first stent-graft such that the second stent-

graft is disposed through the one of the one or more first lateral openings and is disposed

partially in the aortic arch, and a distal portion of the second stent-graft, including a distal

end of the second stent-graft, is in a left common carotid artery.

66. The method according to claim 63,

wherein the branch is a brachiocephalic artery,

wherein the first lateral openings include proximal and distal superior first lateral

openings, and a distal inferior first lateral opening,

wherein positioning the first stent-graft comprises positioning the first stent-graft

such that (a) the distal portion of the first stent-graft, including the distal end of the first

stent-graft, is in the brachiocephalic artery, (b) the distal inferior first lateral opening faces

upstream, generally toward the ascending aorta, and (c) the proximal and the distal

superior first lateral openings face and are aligned with a left subclavian artery and a left

common carotid artery, respectively, and

wherein passing the second stent-graft comprises passing the second stent-graft

through the proximal portion of the first stent-graft such that the second stent-graft is

disposed through the distal inferior first lateral opening and is disposed partially in the

distal portion of the main blood vessel.

67. The method according to claim 66, further comprising transvascularly introducing

and positioning third and fourth stent-grafts through the proximal portion of the first stent-



graft such the third and fourth stent-grafts are disposed through the proximal and the distal

superior first lateral openings, respectively, and are disposed partially in the left

subclavian artery and the left common carotid artery, respectively, and form blood-

impervious seals with the first stent-graft around the proximal and the distal superior first

lateral openings, respectively.

68. The method according to claim 63,

wherein the branch is a left common carotid artery,

wherein the first lateral openings include a superior first lateral opening and an

inferior first lateral opening,

wherein positioning the first stent-graft comprises positioning the first stent-graft

such that (a) the distal portion of the first stent-graft, including the distal end of the first

stent-graft, is in the left common carotid artery, (b) the inferior first lateral opening faces

upstream, generally toward the ascending aorta, and (c) the superior first lateral opening

faces and is aligned with a left subclavian artery, and

further comprising transvascularly introducing a third stent-graft via a right

subclavian artery, and positioning the third stent-graft such that a proximal portion of the

third stent-graft, including a proximal end of the third stent-graft is disposed in a

brachiocephalic artery, and a distal portion of the third stent-graft, including a proximal

end of the third-stent graft, is disposed in a portion of at least one blood vessel selected

from the group consisting of: the aortic arch, and an upper part of an ascending aorta, and

a third lateral opening defined by the third stent-graft faces upstream, generally toward the

descending aorta,

wherein passing the second stent-graft comprises passing the second stent-graft

through the proximal portion of the first stent-graft such that the second stent-graft is

disposed through the inferior first lateral opening and the third lateral opening, and is

disposed partially in the aortic arch.

69. The method according to claim 68, further comprising transvascularly introducing

and positioning a fourth stent-graft through the proximal portion of the first stent-graft

such the fourth stent-graft is disposed through the superior first lateral opening, and is

disposed partially in the left subclavian artery, and forms a blood-impervious seal with the

first stent-graft around the superior first lateral opening.

70. The method according to claim 63, wherein transvascularly introducing the first



and the second stent-grafts comprises separately transvascularly introducing the first and

the second stent-grafts while they are not fixed to one another.

71. The method according to claim 63,

wherein transvascularly introducing the first stent-graft comprises transvascularly

introducing the first stent-graft while in a radially-compressed state, and transitioning the

first stent-graft to a radially-expanded state after positioning the first stent-graft,

wherein transvascularly introducing the second stent-graft comprises

transvascularly introducing the second stent-graft while in a radially-compressed state,

wherein passing the second stent-graft comprising passing the second stent-graft,

while in its radially-compressed state, through the proximal portion after the first stent-

graft has been transitioned to its radially-expanded state, and

wherein the method further comprises, after passing the second stent-graft,

transitioning, without inverting, the second stent-graft from a radially-compressed state to

a radially-expanded state.

72. The method according to claim 71, wherein transitioning the first stent-graft

comprises transitioning the first stent-graft to its radially-expanded state in which a first

perimeter of a first end of the first stent-graft equals at least 200% of a second perimeter

of a second end of the first stent-graft.

73. The method according to claim 72, wherein the first perimeter equals at least

250% of the second perimeter.

74. The method according to claim 73, wherein the first perimeter equals at least

400% of the second perimeter.

75. The method according to claim 72, wherein the first perimeter is between 7.5 and

15 cm, and the second perimeter is between 2.5 and 5.7 cm.

76. The method according to claim 63, further comprising identifying that the patient

suffers from a thoracic aortic aneurysm of an aortic arch, and wherein transvascularly

introducing the first stent-graft comprises transvascularly introducing the first stent-graft

responsively to the identifying.

77. A method for treating a patient, comprising:

transvascularly introducing and positioning a first stent into vasculature of the

patient;



transvascularly introducing and passing a second stent through a portion of the

first stent such that the second stent is disposed through a first lateral opening defined by

the first stent; and

transvascularly introducing and passing a third stent sequentially through (a) the

portion of the first stent, (b) the first lateral opening, and (c) a portion of the second stent,

such that the third stent is disposed through a second lateral opening defined by the

second stent.

78. The method according to claim 77, wherein the first and second stents include

respective first and second support elements and respective first and second covering

elements attached to the first and second support elements, respectively, and wherein

passing the second stent comprises disposing the second stent through the first lateral

opening such that the second covering element forms a blood-impervious seal with the

first covering element around the first lateral opening.

79. The method according to claim 77, wherein the second and third stents include

respective second and third support elements and respective second and third covering

elements attached to the second and third support elements, respectively, and wherein

passing the third stent comprises disposing the third stent through the second lateral

opening such that the third covering element forms a blood-impervious seal with the

second covering element around the second lateral opening.

80. The method according to claim 77, wherein transvascularly introducing the first,

the second, and the third stent comprises separately transvascularly introducing the first,

the second, and the third stent while they are not fixed to one another.

81. The method according to claim 77, wherein passing the third stent comprises

passing the third stent while the first and the second stent are in radially-expanded states,

and the third stent is in a radially-compressed state.

82. The method according to claim 77, further comprising transvascularly introducing

and passing a fourth stent sequentially through (a) the portion of the first stent, (b) the first

lateral opening, (c) the portion of the second stent, (d) the second lateral opening, and (e)

a portion of the third stent, such that the fourth stent is disposed through a third lateral

opening defined by the third stent.

83. The method according to claim 82, wherein passing the fourth stent comprises



passing the fourth stent while the first, the second, and the third stent are in radially-

expanded states, and the fourth stent is in a radially-compressed state.

84. The method according to claim 77,

wherein positioning the first stent comprises positioning the first stent such that (a)

a proximal portion of the first stent, including a proximal end of the first-stent, is in a

proximal portion of a main blood vessel, (b) a distal portion of the first stent, including a

distal end of the first stent, is in a branching blood vessel that branches from the main

blood vessel at a bifurcation, and (c) the first lateral opening is disposed within the main

blood vessel facing toward a distal portion of the main blood vessel, which distal portion

is distal to the bifurcation, and

wherein passing the second stent comprises passing the second stent through the

portion of the first stent such that the second stent is disposed through the first lateral

opening and is disposed partially in the distal portion of the main blood vessel.

85. The method according to claim 84,

wherein the main blood vessel is an aorta, the branching blood vessel is a branch

of an aortic arch, and the distal portion of the main body lumen is a portion of the aortic

arch,

wherein positioning the first stent comprises positioning the first stent such that

the proximal portion of the first stent, including the proximal end of the first-stent, is in an

upper part of a descending aorta, the distal portion of the first stent, including the distal

end of the first stent, is in the branch of the aortic arch, and the first lateral opening faces

upstream, generally toward an ascending aorta, and

wherein passing comprises passing the second stent through the proximal portion

of the first stent such that the second stent is disposed through the first lateral opening and

is disposed partially in the aortic arch.

86. The method according to claim 85, wherein the branch is a left subclavian artery,

and wherein positioning the first stent comprises positioning the first stent such that the

distal portion of the first stent, including the distal end of the first stent, is in the left

subclavian artery.

87. The method according to claim 86, wherein passing comprises passing the second

stent through the proximal portion of the first stent such that the second stent is disposed

through the first lateral opening and is disposed partially in the aortic arch, and a distal



portion of the second stent, including a distal end of the second stent, is in a left common

carotid artery.

88. The method according to claim 77,

wherein transvascularly introducing the first stent comprises transvascularly

introducing the first stent while in a radially-compressed state, and transitioning the first

stent to a radially-expanded state after positioning the first stent,

wherein transvascularly introducing the second stent comprises transvascularly

introducing the second stent while in a radially-compressed state,

wherein passing the second stent comprising passing the second stent, while in its

radially-compressed state, through the proximal portion after the first stent has been

transitioned to its radially-expanded state, and

wherein the method further comprises, after passing the second stent,

transitioning, without inverting, the second stent from a radially-compressed state to a

radially-expanded state.

89. The method according to claim 88, wherein transitioning the first stent comprises

transitioning the first stent to its radially-expanded state in which a first perimeter of a

first end of the first stent equals at least 200% of a second perimeter of a second end of

the first stent.

90. The method according to claim 89, wherein the first perimeter equals at least

250% of the second perimeter.

91. The method according to claim 90, wherein the first perimeter equals at least

400% of the second perimeter.

92. The method according to claim 89, wherein the first perimeter is between 7.5 and

15 cm, and the second perimeter is between 2.5 and 5.7 cm.

93. The method according to claim 77, further comprising identifying that the patient

suffers from a thoracic aortic aneurysm of an aortic arch, and wherein transvascularly

introducing the first stent comprises transvascularly introducing the first stent

responsively to the identifying.

94. A method comprising:

transvascularly introducing, into vasculature of a patient, a delivery tool, which

includes an outer tube, in which first and second stents are initially positioned at



respective axial sites within the outer tube, in radially-compressed states without being

fixed to each other;

deploying the first stent from a distal end of the outer tube, such that the first stent

transitions to a radially-expanded state; and

after the first stent transitions to the radially-expanded state, deploying the second

stent from the distal end of the outer tube, such that the second stent transitions to a

radially-expanded state.

95. The method according to claim 94,

wherein the delivery tool is shaped so as to define first and second stopper

elements, which are configured and initially positioned to prevent movement of the first

and second stents, respectively, in a proximal direction away from the distal end of the

outer tube,

wherein deploying the first stent comprises withdrawing, in the proximal direction,

the outer tube, such that the first stopper element prevents the movement of the first stent

in the proximal direction, and

wherein deploying the second stent comprises withdrawing the outer tube in the

proximal direction, such that the second stopper element prevents the movement of the

second stent in the proximal direction.

96. The method according to claim 95, wherein an inner surface of the outer tube is

shaped so as to define the first and second stopper elements.

97. The method according to claim 95, wherein the delivery tool further includes an

inner longitudinal member, which is initially positioned such that first and second

portions thereof are within the first and second stents, respectively, and wherein the inner

longitudinal member is shaped so as to define the first and second stopper elements.

98. The method according to claim 94,

wherein the delivery tool further includes an inner longitudinal member, which is

initially positioned such that first and second portions thereof are within the first and

second stents, respectively,

wherein the inner longitudinal member is shaped so as to define a stopper element,

which is (a) configured and initially positioned to prevent movement of the first stent in a

proximal direction away from the distal end of the outer tube, and (b) configured to be

withdrawable in the proximal direction through the second stent, and after being thus



withdrawn, to prevent movement of the second stent in the proximal direction,

wherein deploying the first stent comprises withdrawing the outer tube in the

proximal direction, such that the stopper element prevents the movement of the first stent

in the proximal direction, and

wherein deploying the second stent comprises:

withdrawing the inner longitudinal member in the proximal direction, such

that the stopper element passes through the second stent; and

withdrawing the outer tube in the proximal direction, such that the stopper

element prevents the movement of the second stent in the proximal direction.

99. A method for treating a patient, comprising:

transvascularly introducing a stent-graft into vasculature of the patient; and

positioning the stent-graft such that (a) a proximal portion of the stent-graft,

including a proximal end of the first-stent-graft, is in a brachiocephalic artery, (b) a distal

portion of the stent-graft, including a distal end of the stent-graft, is disposed in a portion

of at least one blood vessel selected from the group consisting of: an aortic arch, and an

upper part of an ascending aorta, and (c) a lateral opening defined by the stent-graft is

disposed in the aortic arch facing generally toward a descending aorta.

100. The method according to claim 99, wherein the stent-graft is a first stent-graft, and

further comprising transvascularly introducing and positioning a second stent-graft

through the lateral opening, such that the second stent-graft forms a blood-impervious seal

with the first stent-graft around the lateral opening.

101. A method for assembling a multi-component stent-graft system, the method

comprising:

providing (a) a first generally tubular stent-graft, which is shaped so as to define a

first lateral opening when the first stent-graft is in a radially-expanded state, (b) a second

generally tubular stent-graft, which is shaped so as to define a second lateral opening

when the second stent-graft is in a radially-expanded state, and (c) a third generally

tubular stent-graft;

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the first lateral

opening, and causing the second stent-graft to transition to its radially-expanded state,

such that the second stent-graft forms a blood-impervious seal with the first stent-graft



around the first lateral opening; and

while the second stent-graft is in its radially-expanded state and the third stent-

graft is in a radially-compressed state, disposing the third stent-graft through the second

lateral opening, and causing the third stent-graft to transition to a radially-expanded state,

such that the third stent-graft forms a blood-impervious seal with the second stent-graft

around the second lateral opening.

102. The method according to claim 101, wherein the third stent-graft is shaped so as to

define a third lateral opening when in its radially-expanded state, and wherein the method

further comprises:

providing a fourth generally tubular stent-graft; and

while the third stent-graft is in its radially-expanded state and the fourth stent-graft

is in a radially-compressed state, disposing the fourth stent-graft through the third lateral

opening, and causing the fourth stent-graft to transition to a radially-expanded state, such

that the fourth stent-graft forms a blood-impervious seal with the third stent-graft around

the third lateral opening.

103. A method for assembling a multi-component stent-graft system, the method

comprising:

providing (a) a first generally tubular stent-graft, which, when unconstrained in a

radially-expanded state: (i) defines a first lateral opening, and (ii) has a first perimeter of a

first end thereof that equals at least 200% of a second perimeter of a second end thereof,

and (b) a second generally tubular stent-graft; and

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the first lateral

opening, and causing the second stent-graft to transition to a radially-expanded state, such

that the second stent-graft forms a blood-impervious seal with the first stent-graft around

the first lateral opening.

104. A method for assembling a multi-component stent-graft system, the method

comprising:

providing (a) a first stent-graft, which is shaped so as to define, when in a radially-

expanded state, proximal and distal superior first lateral openings facing in a first radial

direction, and a distal inferior first lateral opening facing a second radial direction

generally opposite the first radial direction, and (b) second, third, and fourth branching



stent-grafts; and

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the distal

inferior first lateral opening, and causing the second stent-graft to transition to a radially-

expanded state, such that the second stent-graft forms a blood-impervious seal with the

first stent-graft around the distal inferior first lateral opening;

while the first stent-graft is in its radially-expanded state and the third stent-graft is

in a radially-compressed state, disposing the third stent-graft through the distal superior

first lateral opening, and causing the third stent-graft to transition to a radially-expanded

state, such that the third stent-graft forms a blood-impervious seal with the first stent-graft

around the distal superior first lateral opening; and

while the first stent-graft is in its radially-expanded state and the fourth stent-graft

is in a radially-compressed state, disposing the fourth stent-graft through the proximal

superior first lateral opening, and causing the fourth stent-graft to transition to a radially-

expanded state, such that the fourth stent-graft forms a blood-impervious seal with the

first stent-graft around the proximal superior first lateral opening.

105. A method for assembling a multi-component stent-graft system, the method

comprising:

providing (a) a first stent-graft, which is shaped so as to define, when in a radially-

expanded state, a superior first lateral opening facing in a first radial direction, and an

inferior first lateral opening facing in a second radial direction generally opposite the first

radial direction, (b) a second stent-graft, (c) a third stent-graft, which is shaped so as to

define a third lateral opening through the third stent-graft when the third stent-graft is in a

radially-expanded state, and (d) a fourth stent-graft;

while the first stent-graft is in its radially-expanded state and the second stent-graft

is in a radially-compressed state, disposing the second stent-graft through the superior

first lateral opening, and causing the second stent-graft to transition to a radially-expanded

state, such that the second stent-graft forms a blood-impervious seal with the first stent-

graft around the superior first lateral opening; and

while the first and the third stent-grafts are in their radially-expanded states and

the fourth stent-graft is in a radially-compressed state, disposing first and second ends of

the fourth stent-graft through the inferior first lateral opening and the third lateral opening,

respectively, and causing the fourth stent-graft to transition to a radially-expanded state,



such that the fourth stent-graft forms blood-impervious seals with the first stent-graft

around the inferior first lateral opening and the third stent-graft around the third lateral

opening.
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