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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/084235 A2
13 June 2013 (13.06.2013) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61F 2/02 (2006.01) kind of national protection available): AE, AG, AL, AM,

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

PCT/IL20 12/050506 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

4 December 2012 (04.12.2012) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

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

(30) Priority Data: ZM, ZW.
61/566,654 4 December 201 1 (04. 12.201 1) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicant: ENDOSPAN LTD. [EVIL]; 4 Maskit Street, kind of regional protection available): ARIPO (BW, GH,

P.O. Box 12058, 46733 Herzilyia Pituach (IL). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,(72) Inventors; and
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,(71) Applicants : BENARY, Raphael [IL/IL]; 15 Rav Ashy
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

Street, 69395 Tel Aviv (IL). SHALEV, Alon [IL/IL]; 9
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Wingate Street, 43587 Ra'anana (IL). NAE, Nir Shalom
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

[IL/IL]; 3/5 Har Sinai Street, 43307 Ra'anana (IL).
ML, MR, NE, SN, TD, TG).

(74) Agent: SANFORD T. COLB & CO.; P.O. Box 2273,
76122 Rehovot (IL).

[Continued on nextpage]

(54) Title: BRANCHED STENT-GRAFT SYSTEM

(57) Abstract: An endovascular stent-graft (10) includes a generally tubular
FIG. 1 hourglass-shaped body (22), which is configured to assume a radially-com

pressed delivery configuration and a radially-expanded deployment configur
ation. The hourglass -shaped body (22) includes a flexible stent member (26),
which includes a plurality of structural stent elements (28); and a tubular fluid
flow guide (24), which includes a fabric (29), and is attached to the structural
stent elements (28). The hourglass- shaped body (22) is shaped so as to define
a narrow waist portion (32) longitudinally surrounded by and adjacent to
wider first and second longitudinal portions (30, 34). The fabric (29) along
the waist portion (32) is shaped so as to define at least first and second lateral

30 apertures (36, 38). Other embodiments are also described.
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BRANCHED STENT-GRAFT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

This present application claims priority from US Provisional Application

61/566,654, filed December 4, 2011, which is assigned to the assignee of the present

application and is incorporated herein by reference.

FIELD OF THE APPLICATION

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

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

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

vessels, and treating aneurysms.

BACKGROUND OF THE APPLICATION

Endovascular prostheses are sometimes used to treat aortic aneurysms. Such

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

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

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

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

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

in the aorta, such as thoracic aortic aneurysms ("TAAs"), which may occur in one or more

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

Stent-grafts sometimes are implanted in patients having aneurysms close to or

crossing branch openings to renal arteries or other branch arteries (e.g., the celiac artery,

suprarenal artery, or superior or interior mesenteric arteries). Such stent-grafts have

lateral openings avoid impairing blood flow from the aorta to these branching arteries

from the aorta.

SUMMARY OF APPLICATIONS

Some applications of the present invention provide a main endovascular stent-

graft, which comprises a generally tubular hourglass-shaped body, which is shaped so as

to define a narrow waist portion longitudinally surrounded and adjacent to wider first and

second longitudinal portions. Fabric of a fluid flow guide of the stent-graft along the



waist portion is shaped so as to define at least first and second lateral apertures. The

lateral apertures are configured for coupling to branching stent-grafts.

The axial and circumferential locations of the ostia of arteries that branch from the

aorta vary substantially from patient to patient. Among these arteries, those that may not

be occluded by an aortic stent-graft include the left and right renal arteries, the celiac

artery, and the superior mesenteric artery (SMA). The hourglass shape of the main stent-

graft enables the main stent-graft to accommodate this varying anatomy, without requiring

customization of the main stent-graft for each patient to align the lateral apertures with the

patient's ostia. Branching stent-grafts are coupled to the lateral apertures after the main

stent-graft has been deployed in the aorta. The hourglass shape provides space between

the lateral apertures and the ostia, in which space the surgeon can manipulate the

branching stent-grafts in order to accommodate any axial or circumferential misalignment

between the lateral apertures and the ostia. Typically, the hourglass shape enables the

main stent-graft to accommodate up to about 1 cm in axial misalignment between the

lateral apertures and the respective ostia of the branching vessels.

Each of the branching stent-grafts is shaped so as to define an interface portion

near a first end thereof. When the branching stent-graft is in the radially-expanded

deployment configuration, the interface portion is shaped so as to define a stricture, i.e., a

narrow portion, on either longitudinal side of which the branching stent-graft is wider.

The stricture is sized and shaped to be placed within, and securely interface with, one of

the first and second lateral apertures of the main stent-graft, so as to form a blood-tight

seal with the perimeter of the lateral aperture. Each of the branching stent-grafts

comprises structural stent elements that help define the stricture, and thus provide a solid

structural interface with the lateral aperture, as well as some tolerance to deployment

positioning errors by the operators, as the slopes on each side of the stricture tend to

centralize the narrowest portion of the stricture at a plane similar to that of the lateral

apertures. When the branching stent-graft is in the radially-expanded deployment

configuration, a portion of the structural stent elements of the interface portion extends

beyond the stricture toward the first end of the branching stent-graft, and radially outward,

in order to provide good coupling of the interface portion with one of the first and second

lateral apertures of the main stent-graft.

When coupled to one of the lateral apertures, the interface portion typically

extends radially inward into the lumen of the main stent-graft only slightly, such as by no



more than 5 mm, e.g., between 2 and 5 mm, such that the interface portion does not

substantially interfere with blood flow through the lumen. Such non-interference with

blood flow allows the main stent-graft to have the narrower waist portion, and yet still

provide sufficient blood flow through the lumen of this narrower portion, which would

not be possible if the interface portions of two or three branching stent-grafts extended too

far into the lumen of the main stent-graft.

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

invention, apparatus including an endovascular stent-graft, which includes a generally

tubular hourglass-shaped body, which body (a) is configured to assume a radially-

compressed delivery configuration and a radially-expanded deployment configuration,

and (b) includes:

a flexible stent member, which includes a plurality of structural stent elements;

and

a tubular fluid flow guide, which includes a fabric, and is attached to the structural

stent elements,

wherein the hourglass-shaped body is shaped so as to define a narrow waist

portion longitudinally surrounded by and adjacent to wider first and second longitudinal

portions, and

wherein the fabric along the waist portion is shaped so as to define at least first

and second lateral apertures.

For some applications, the first and the second lateral apertures are disposed such

that an arc angle around a central longitudinal axis of the body between respective centers

of the first and the second lateral apertures is between 120 and 180 degrees when the body

is in the radially-expanded deployment configuration.

For some applications, the narrow waist portion, first longitudinal portion, and

second longitudinal portion, when the hourglass-shaped body is in the radially-expanded

deployment configuration, have waist, first, and second average diameters, respectively,

which waist average diameter equals between 60% and 90% of the lesser of the first and

the second average diameters.

For some applications, when the hourglass-shaped body is in the radially-

expanded deployment configuration, a smallest diameter of the waist portion is no more

than 90% of the lesser of (a) a greatest diameter of the first longitudinal portion and (b) a



greatest diameter of the second longitudinal portion.

For some applications, when the hourglass-shaped body is in the radially-

expanded deployment configuration:

the narrow waist portion has coronal and sagittal waist diameters, and an average

waist diameter thereof,

the first longitudinal portion has coronal and sagittal first diameters, and an

average first diameter thereof,

the second longitudinal portion has coronal and sagittal second diameters, and an

average second diameter thereof,

wherein the average waist diameter equals between 60% and 90% of the lesser of

the average first diameter and the average second diameter.

For some applications, the narrow waist portion, first longitudinal portion, and

second longitudinal portion, when the hourglass-shaped body is in the radially-expanded

deployment configuration, have waist, first, and second average perimeters, respectively,

which waist average perimeter equals between 60% and 90% of the lesser of the first and

the second average perimeters.

For some applications, when the hourglass-shaped body is in the radially-

expanded deployment configuration, a smallest perimeter of the waist portion is no more

than 90% of the lesser of (a) a greatest perimeter of the first longitudinal portion and (b) a

greatest perimeter of the second longitudinal portion.

For some applications, one or more of the structural stent elements are attached to

the fabric along at least a portion of the waist portion, and are shaped so as to define the

first and the second lateral apertures, respectively, when the hourglass-shaped body is in

the radially-expanded deployment configuration.

For some applications, the waist portion, first longitudinal portion, and the second

longitudinal portion have respective longitudinal lengths, each of which lengths is at least

10 mm.

For some applications, one or more first ones of the structural stent elements are

attached to the fabric along at least a portion of the first longitudinal portion, one or more

second ones of the structural stent elements are attached to the fabric along at least a

portion of the waist portion, and one or more third ones of the structural stent elements are

attached to the fabric along at least a portion of the second longitudinal portion. For some



applications, none of the one or more first structural stent elements is in direct contact

with any of the one or more second structural stent elements when the hourglass-shaped

body is in the radially-expanded deployment configuration. Alternatively or additionally,

for some applications, none of the one or more third structural stent elements is in direct

contact with any of the one or more second structural stent elements when the hourglass-

shaped body is in the radially-expanded deployment configuration.

For some applications, an axial distance between the respective centers of the first

and the second lateral apertures, measured along the central longitudinal axis of the

hourglass-shaped body, is no more than 2 cm.

For some applications, fabric along the first portion is shaped so as to define a

superior aperture. For some applications, the superior aperture is disposed so as to define

a superior aperture arc angle around the central longitudinal axis between (a) a center of

the superior aperture and (b) a midpoint of an arc angle between respective centers of the

first and the second lateral apertures, the superior aperture arc angle being less than 60

degrees when the hourglass-shaped body is in the radially-expanded deployment

configuration. For some applications, a perimeter of the superior aperture is between 18

and 35 mm.

For some applications, the structural stent elements include first and second

structural stent elements, which are attached to the fabric along at least a portion of the

waist portion, and are shaped so as to define the first and the second lateral apertures,

respectively, when the hourglass-shaped body is in the radially-expanded deployment

configuration. For some applications, the first and the second structural stent elements do

not circumferentially overlap when the hourglass-shaped body is in the radially-expanded

deployment configuration. For some applications, the first and second structural stent

elements are shaped so as define respective closed-cell orifices characterized by

respective centers, and the centers generally coincide with the centers of the first and the

second lateral apertures, respectively, when the hourglass-shaped body is in the radially-

expanded deployment configuration For some applications, each of the first and the

second structural stent elements circumscribes an arc angle of between 50 and 170

degrees, when the hourglass-shaped body is in the radially-expanded deployment

configuration. For some applications, the first and the second structural stent elements are

not in direct contact with each other when the hourglass-shaped body is in the radially-

expanded deployment configuration. For some applications, the first and the second



structural stent elements are axially separated therebetween when the hourglass-shaped

body is in the radially-expanded deployment configuration. For some applications, the

first and the second structural stent elements circumferentially and/or axially overlap

when the hourglass-shaped body is in the radially-expanded deployment configuration.

For some applications, the first structural stent element is shaped substantially as

an axial inversion of the second structural stent element when the hourglass-shaped body

is in the radially-expanded deployment configuration. For some applications, the first and

the second structural stent elements are shaped so as to define respective trapezoids when

the hourglass-shaped body is in the radially-expanded deployment configuration. For

example, the trapezoids may be right trapezoids. For some applications, the first and the

second structural stent elements are shaped so as to define right triangles when the

hourglass-shaped body is in the radially-expanded deployment configuration.

For some applications, the apparatus further includes at least first and second

generally tubular branching stent-grafts, which are shaped so as to define respective

interface portions that are configured to be coupled to the first and the second lateral

apertures, respectively. For some applications, the first and the second branching stent

grafts are self-expandable from respective branching radially-compressed delivery

configurations to respective branching radially-expanded deployment configurations.

For some applications, the first branching stent-graft includes:

a flexible branching stent member, which includes a plurality of branching

structural stent elements; and

a tubular branching fluid flow guide, which includes a branching fabric, and is

attached to the branching structural stent elements,

wherein, when the first branching stent-graft is in the branching radial-expanded

deployment configuration, the branching structural stent elements are shaped so as to

define a stricture near a first end of the first branching stent-graft, which stricture is sized

to be securely coupled to the first lateral aperture of the main stent-graft.

For some applications, the stricture is positioned within 5 mm of the first end of

the first branching stent-graft. For some applications, the branching fabric covers, and is

securely attached to, the branching structural stent elements that extend beyond the

stricture toward an end of the first branching stent-graft that is coupled to the first lateral

aperture, when the first branching stent-graft is in the branching radial-expanded



deployment configuration. For some applications, one or more of the branching structural

stent elements define the stricture. For some applications, a diameter of the branching

structural stent elements adjacently distal the stricture is at least 5% greater than a

diameter of the branching fabric at the same longitudinal location along the branching

stent graft, when the first branching stent-graft is in the branching radially-expanded

deployment configuration.

For some applications, the interface portion of the first branching stent-graft is at a

first end of the first stent-graft, and a diameter of the first branching stent graft generally

monotonously does not decrease from a second end of the first stent-graft to the first end

of the first stent-graft. For some applications, the diameter of the first branching stent-

graft at the first end thereof is at least 20% greater than the diameter of the first branching

stent-graft at the second end thereof.

For some applications, the apparatus further includes an endovascular angioplasty

balloon including a proximal lobe and a distal lobe and a radiopaque marker positioned

therebetween, and the proximal and distal lobes of the balloon are sized to be expandable

to at least 10% greater than a greater of (a) a diameter the first lateral aperture and (b) a

diameter of the second lateral aperture.

For some applications, the apparatus further includes at least another stent-graft,

and the main stent-graft and the other stent-graft are longitudinally coupled together to so

as to form a substantially blood impervious seal. For some applications, the second

longitudinal portion of the main stent-graft is positioned inside the other stent-graft.

Alternatively, the other stent-graft is positioned inside the second longitudinal portion of

the main stent-graft. For some applications, the other stent-graft includes an additional

endovascular system shaped so as to define one blood entry lumen and at least two blood

exit lumens, and the blood entry lumen is coupled with the second longitudinal portion of

main stent-graft.

For some applications, the waist portion is configured to assume an intermediate

deployment configuration, in which configuration the second average diameter is at least

10% less than when the hourglass- shaped body is in the radially-expanded deployment

configuration. For some applications, the apparatus further includes a releasable latching

mechanism, which is configured to assume a latched state in which the mechanism

confines the structural stent elements of the waist portion in the intermediate deployment



configuration. For some applications, the releasable latching mechanism is configured to

effect a transition of the waist portion from the intermediate deployment configuration to

the radially-expanded deployment configuration upon a triggering event. For some

applications, the triggering event is an exertion of outward radial pressure inside the waist

portion. For some applications, the releasable latching mechanism includes a longitudinal

latching shaft that passes along at least a portion of the central longitudinal axis, and the

triggering event is a generally axial translation of the longitudinal latching shaft. For

some applications, the releasable latching mechanism includes a longitudinal latching

shaft that passes along at least a portion of the central longitudinal axis, and the triggering

event is a generally rotational translation of the longitudinal latching shaft.

For some applications, the fabric along the first longitudinal portion is shaped so

as to define at least one superior scallop, the superior scallop being characterized by a

width and a height, when the hourglass-shaped body is in the radially-expanded

deployment configuration. For some applications, the superior scallop is disposed so as to

define a superior scallop arc angle around the central longitudinal axis between (a) a

center of the superior scallop and (b) a midpoint of an arc angle between respective

centers of the first and the second lateral apertures, the superior scallop arc angle being

less than 60 degrees when the hourglass- shaped body is in the radially-expanded

deployment configuration. For some applications, the width of superior scallop is

between 5 and 12 mm. Alternatively or additionally, for some applications, the height of

superior scallop is between 5 and 25 mm.

For some applications, the hourglass-shaped body has an elliptical cross-section

perpendicular to the central longitudinal axis of the hourglass -shaped body, when the

hourglass-shaped body is in the radially-expanded deployment configuration. For some

applications, the elliptical cross-section is circular when the hourglass -shaped body is in

the radially-expanded deployment configuration.

For some applications, the second portion is shaped so as to define a constant

diameter cylinder when the hourglass- shaped body is in the radially-expanded deployment

configuration.

For some applications, the second portion is shaped so as to define a radially

concave tube when the hourglass-shaped body is in the radially-expanded deployment

configuration.



For some applications, the second portion is shaped so as to define an inward

trapezoid when the hourglass-shaped body is in the radially-expanded deployment

configuration.

For some applications, the first average diameter is between 25 and 40 mm.

For some applications, the second average diameter is between 20 and 35 mm.

For some applications, the waist diameter is between 15 and 30 mm.

For some applications, a diameter of each of the lateral apertures is between 6 and

15 mm.

For some applications, a ratio between an average diameter of the second

longitudinal portion and a diameter of each of the lateral apertures is between 1.3 and 6 .

For some applications, a ratio between an average diameter of the first

longitudinal portion and a diameter of each of the lateral apertures is between 1.5 and 7 .

For some applications, a ratio between an average diameter of the waist portion

and a diameter of each of the lateral apertures is between 1 and 5 .

For some applications, the structural stent elements include a metal. For some

applications, the metal includes a superelastic alloy. For some applications, the metal

includes a shape memory alloy.

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

invention, apparatus including an endovascular stent-graft, which includes a generally

tubular body, which body (a) is configured to assume a radially-compressed delivery

configuration and a radially-expanded deployment configuration, and (b) includes:

a flexible stent member, which includes a plurality of structural stent elements,

which include:

one or more first structural stent elements that include one or more

respective radiopaque wires; and

one or more second structural stent elements that are less radiopaque than

the radiopaque wires; and

a tubular fluid flow guide, which includes a fabric, and is attached to the structural

stent elements,

wherein the fabric and the one or more radiopaque wires are shaped so as to

together define one or more lateral apertures through the body.



For some applications, the second structural stent elements include a metal

selected from the group consisting of: Nitinol, stainless steel, and cobalt chromium.

Alternatively or additionally, for some applications, the one or more radiopaque wires

include a metal selected from the group consisting of: tungsten, gold, titanium, and

iridium.

For some applications, a collective mass of the second structural stent elements

equals at least 10 times a collective mass of the one or more radiopaque wires.

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

invention, a method including:

providing an endovascular stent-graft, which includes a generally tubular

hourglass- shaped body, which includes (a) a flexible stent member, which includes a

plurality of structural stent elements, and (b) a tubular fluid flow guide, which includes a

fabric, and is attached to the structural stent elements;

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

while the body is in a radially-compressed delivery configuration; and

thereafter, transitioning the body to a radially-expanded deployment configuration

in the blood vessel, in which configuration the hourglass -shaped body is shaped so as to

define a narrow waist portion longitudinally surrounded by and adjacent to wider first and

second longitudinal portions, and the fabric along the second portion is shaped so as to

define at least first and second lateral apertures.

For some applications, the method further includes, after transitioning the body to

the radially-expanded deployment configuration, transvascularly introducing at least first

and second generally tubular branching stent-grafts into vasculature of the subject, and

coupling interface portions of the first and second branching stent-grafts to the first and

the second lateral apertures, respectively.

For some applications, coupling the interface portion of the first branching stent-

graft to the first lateral aperture includes coupling the interface portion of the first

branching stent-graft to the first lateral aperture such that the interface portion extends

radially inward into a lumen of the main stent-graft by no more than 5 mm.

For some applications, transvascularly introducing the first branching stent-graft

includes:

introducing a guidewire through one end of the main stent-graft, out of the first



lateral aperture, and into a branching blood vessel that branches from the blood vessel,

while the first branching stent-graft is in a radially-compressed delivery configuration;

and

introducing the first branching stent-graft over the guidewire, through the first

lateral aperture, and into the branching blood vessel.

For some applications, the first and the second lateral apertures are disposed such

that an arc angle around a central longitudinal axis of the body between respective centers

of the first and the second lateral apertures is between 120 and 180 degrees when the body

is in the radially-expanded deployment configuration.

For some applications, the narrow waist portion, first longitudinal portion, and

second longitudinal portion, when the hourglass-shaped body is in the radially-expanded

deployment configuration, have waist, first, and second average diameters, respectively,

which waist average diameter equals between 60% and 90% of the lesser of the first and

the second average diameters.

For some applications, when the hourglass-shaped body is in the radially-

expanded deployment configuration, a smallest diameter of the waist portion is no more

than 90% of the lesser of (a) a greatest diameter of the first longitudinal portion and (b) a

greatest diameter of the second longitudinal portion.

For some applications, when the hourglass-shaped body is in the radially-

expanded deployment configuration:

the narrow waist portion has coronal and sagittal waist diameters, and an average

waist diameter thereof,

the first longitudinal portion has coronal and sagittal first diameters, and an

average first diameter thereof,

the second longitudinal portion has coronal and sagittal second diameters, and an

average second diameter thereof,

wherein the average waist diameter equals between 60% and 90% of the lesser of

the average first diameter and the average second diameter.

For some applications, one or more of the structural stent elements are attached to

the fabric along at least a portion of the waist portion, and are shaped so as to define the

first and the second lateral apertures, respectively, when the hourglass-shaped body is in

the radially-expanded deployment configuration.



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

invention, a method including:

providing an endovascular stent-graft, which includes a generally tubular body,

which includes (a) a flexible stent member, which includes a plurality of structural stent

elements, which include (i) one or more first structural stent elements that include one or

more respective radiopaque wires, and (ii) one or more second structural stent elements

that are less radiopaque than the radiopaque wires, and (b) a tubular fluid flow guide,

which includes a fabric, and is attached to the structural stent elements;

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

while the body is in a radially-compressed delivery configuration; and

thereafter, transitioning the body to a radially-expanded deployment configuration

in the blood vessel, in which configuration the fabric and the one or more radiopaque

wires are shaped so as to together define one or more lateral apertures through the body.

For some applications, the second structural stent elements include a metal

selected from the group consisting of: Nitinol, stainless steel, and cobalt chromium.

Alternatively or additionally, for some applications, the one or more radiopaque wires

include a metal selected from the group consisting of: tungsten, gold, titanium, and

iridium.

For some applications, a collective mass of the second structural stent elements

equals at least 10 times a collective mass of the one or more radiopaque wires.

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of a main endovascular stent-graft, in accordance

with an application of the present invention;

Fig. 2 is a schematic illustration of a first lateral aperture of the main stent-graft of

Fig. 1 and a surrounding portion of the main stent-graft, in accordance with an application

of the present invention;

Fig. 3 is a schematic illustration of another main endovascular stent-graft, in

accordance with an application of the present invention;

Fig. 4 is a schematic illustration of yet another main endovascular stent-graft, in



accordance with an application of the present invention;

Fig. 5 is a schematic illustration of still another main endovascular stent-graft, in

accordance with an application of the present invention;

Fig. 6 is a schematic illustration of another endovascular stent-graft, in accordance

with an application of the present invention;

Fig. 7 is a schematic illustration of a branching stent-graft, in accordance with an

application of the present invention;

Fig. 8 is a schematic illustration of another branching stent-graft, in accordance

with an application of the present invention;

Fig. 9 is a schematic illustration of yet another branching stent-graft, in accordance

with an application of the present invention;

Figs. lOA-C are schematic illustrations of a technique for deploying a main stent-

graft and branching stent-grafts, in accordance with an application of the present

invention;

Figs. 11A-F are schematic illustrations of an exemplary method of deploying a

main stent-graft and two branching stent-grafts in the vicinity of a sub-renal abdominal

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

invention; and

Fig. 12 is a schematic illustration of an alternative deployment of the main stent-

graft and accompanying stent-grafts, in accordance with an application of the present

invention.

DETAILED DESCRIPTION OF APPLICATIONS

Some applications of the present invention provide a main endovascular stent-graft

10.

Fig. 1 is a schematic illustration of a main endovascular stent-graft 20, in

accordance with an application of the present invention. Stent-graft 20 is one

configuration of main endovascular stent-graft 10. Main endovascular stent-graft 20

comprises a generally tubular hourglass -shaped body 22, which is configured to initially

be positioned in a delivery catheter in a radially-compressed delivery configuration, such

as described hereinbelow with reference to Fig. 11A, and to assume a radially-expanded



deployment configuration upon being deployed from the delivery catheter in a body

lumen, such as a blood vessel, such as described hereinbelow with reference to Figs. 11B-

C. Fig. 1 shows the main endovascular stent-graft in the radially-expanded deployment

configuration.

Main stent-graft 20 comprises a tubular fluid flow guide 24, and a flexible stent

member 26, which comprises a plurality of structural stent elements 28. Fluid flow guide

24 is attached to structural stent elements 28, such as by suturing or stitching. Typically,

each of stent elements 28 is shaped so as to define a plurality of stent cells. Structural

stent elements 28 may be attached to an internal surface and/or an external surface of the

fluid flow guide. Optionally, a portion of the structural stent elements may be attached

(e.g., sutured) to the internal surface, and another portion to the external surface. For

some applications, structural stent elements 28 comprise a metal. Alternatively or

additionally, the structural stent elements comprise a self-expanding material, such that

main stent-graft 20 is self-expandable. Alternatively or additionally, the structural stent

elements comprise a superelastic metal alloy, a shape memory metallic alloy, and/or

Nitinol. For some applications, the main stent-graft is heat-set to assume the radially-

expanded configuration.

Fluid flow guide 24 comprises at least one piece of biologically-compatible

substantially blood-impervious fabric 29. The fabric may comprise, for example, a

polyester, a polyethylene (e.g., a poly-ethylene-terephthalate), a polymeric film material

(e.g., polytetrafluoroethylene), a polymeric textile material (e.g., woven polyethylene

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

combination thereof.

Hourglass- shaped body 22 is shaped so as to define a narrow waist portion 32

longitudinally surrounded and adjacent to wider first and second longitudinal portions 30

and 34; waist portion 32 is longitudinally between and adjacent first and second portions

30 and 34. Waist portion 32, first longitudinal portion 30, and second longitudinal portion

34, when hourglass- shaped body 22 is in the radially-expanded deployment configuration,

have:

· waist, first, and second average diameters, respectively;

• waist, first, and second smallest diameters, respectively;

• waist, first, and second greatest diameters, respectively;



• waist, first, and second average perimeters (which are circumferences for

applications in which the portions are elliptical, e.g., circular, in cross-

section), respectively;

• waist, first, and second smallest perimeters (which are circumferences for

applications in which the portions are elliptical, e.g., circular, in cross-

section), respectively; and

• waist, first, and second greatest perimeters (which are circumferences for

applications in which the portions are elliptical, e.g., circular, in cross-

section), respectively.

Typically, the diameters and perimeters of the first and second longitudinal

portions vary at least partially therealong. Optionally, the diameter and perimeter of the

waist portion vary at least partially therealong. As used in the present application,

including in the claims, an "average" diameter or perimeter of a longitudinal portion

means the average of the diameters or perimeters along the portion.

Typically, one or more first ones 28A of structural stent elements 28 are attached

to fabric 29 along at least a portion of first longitudinal portion 30, one or more second

ones 28B of structural stent elements 28 are attached to fabric 29 along at least a portion

of waist portion 32, and one or more third ones 28C of structural stent elements 28 are

attached to fabric 29 along at least a portion of second longitudinal portion 34. For some

applications, none of the one or more first structural stent elements 28A is in direct

contact with any of the one or more second structural stent elements 28B when hourglass-

shaped body 22 is in the radially-expanded deployment configuration. Alternatively or

additionally, for some applications, none of the one or more third structural stent elements

28C is in direct contact with any of the one or more second structural stent elements 28B

when hourglass-shaped body 22 is in the radially-expanded deployment configuration.

Alternatively or additionally, the one or more first structural stent elements are axially

distant from the one or more second structural stent elements 28B when hourglass-shaped

body 22 is in the radially-expanded deployment configuration. Alternatively or

additionally, the one or more third structural stent elements are axially distant from the

one or more second structural stent elements 28B when hourglass- shaped body 22 is in

the radially-expanded deployment configuration.

For some applications, hourglass-shaped body 22 has an elliptical, e.g., circular,



cross-section perpendicular to central longitudinal axis 44, when hourglass-shaped body

22 is in the radially-expanded deployment configuration. For some applications, first

longitudinal portion 30 has an elliptical, e.g., circular, cross-section perpendicular to

central longitudinal axis 44, when hourglass-shaped body 22 is in the radially-expanded

deployment configuration. For some applications, first longitudinal portion 30 is shaped

so as to define an outflaring at at least one of its ends, typically at its first (superior) end,

which outflaring may increase radial strength and hence improving apposition with the

landing zone upon the healthy region in the artery and inhibit migration of the prosthesis.

For some applications, waist portion 32 has an elliptical, e.g., circular, cross-section

perpendicular to central longitudinal axis 44, when hourglass-shaped body 22 is in the

radially-expanded deployment configuration. For some applications, waist portion 32 is

shaped so as to define an outflaring at at least one of its ends. For some applications,

waist portion 32 has an elliptical cross-section having a larger diameter in the sagittal

plane and a smaller diameter in the coronal plane. For some applications, second portion

34 has an elliptical, e.g., circular, cross-section perpendicular to central longitudinal axis

44, when hourglass- shaped body 22 is in the radially-expanded deployment configuration.

For some applications, second longitudinal portion 34 is shaped so as to define an

outflaring at at least one of its ends.

For some applications, waist portion 32 is shaped so as to define a constant

diameter cylinder when the hourglass-shaped body is in the radially-expanded deployment

configuration. Alternatively, for some applications, the waist portion is shaped so as to

define a radially concave tube when the hourglass-shaped body is in the radially-expanded

deployment configuration. Further alternatively, for some applications, contoured such

that it has a groove having the shape of an inward facing trapezoid (wherein the smaller

base is more medial and the larger base constitutes a continuum with one of the larger

diameters, of either the first or the second portion), when the hourglass-shaped body is in

the radially-expanded deployment configuration.

Fabric 29 along waist portion 32 is shaped so as to define at least first and second

lateral apertures 36 and 38. In addition, typically one or more of structural stent elements

28 attached to fabric 29 along at least a portion of waist portion 32 are shaped so as to

define first and second lateral apertures 36 and 38, respectively (i.e., to define respective

borders of the apertures), when hourglass-shaped body 22 is in the radially-expanded

deployment configuration, in order to provide structure to the borders and thus good



fixation with branching stent-grafts, as described hereinbelow. Typically, one of

structural stent elements 28 (e.g., a stent cell thereof) also defines first lateral aperture 36,

and one of structural stent elements 28 (e.g., a stent cell thereof) also defines second

lateral aperture 38. These lateral apertures are configured for coupling to branching stent-

grafts, such as described hereinbelow with reference to Figs. 7-9 and Figs. 11C-E.

Typically, first and second lateral apertures 36 and 38 are disposed such that an arc angle

a (alpha) around a central longitudinal axis 44 of hourglass-shaped body 22 between

respective centers 40 and 42 of the first and the second lateral apertures is between 120

and 180 degrees, such as between 130 and 170 degrees, e.g., 150 degrees, when

hourglass -shaped body 22 is in the radially-expanded deployment configuration. The

ostia of the renal arteries are on average about 150 degrees apart, so the arc angles of the

apertures help the main stent-graft accommodate the locations of typical ostia, as

described hereinbelow. Typically, an axial distance D between respective centers 40 and

42 of first and second lateral apertures 36 and 38, measured along central longitudinal

axis 44, is no more than 2 cm.

For some applications, each of first and second lateral apertures 36 and 38 has a

perimeter (which is a circumference if the apertures are elliptical, e.g., circular) of at least

12 mm, no more than 150 mm, and/or between 12 and 150 mm. For some applications,

each of first and second lateral apertures 36 and 38 has a diameter of at least 6 mm, no

more than 15 mm, and/or between 6 and 15 mm. For some applications, each of first and

second lateral apertures 36 and 38 has an axial diameter D^, measured along central

longitudinal axis 44, of at least 4 mm, no more than 12 mm, and/or between 4 and 12 mm,

and/or a circumferential diameter D , measured around central longitudinal axis 44, of at

least 4 mm, no more than 12 mm, and/or between 4 and 12 mm. For some applications, a

ratio between the second average diameter and the diameter of each of the lateral

apertures is between 1.3 and 6 . For some applications, a ratio between the first average

diameter and the diameter of each of the lateral apertures is between 1.5 and 7 . For some

applications, a ratio between the waist average diameter and the diameter of each of the

lateral apertures is between 1 and 5 .

For some applications, the first average diameter is at least 25 mm, no more than

40 mm, and/or between 25 and 40 mm. For some applications, a greatest diameter of first

longitudinal portion 30, which may occur at a first end 50 of hourglass- shaped body 22, as

well as at other longitudinal locations along the first portion, is at least 30 mm, no more



than 45 mm, and/or between 30 and 45 mm. For some applications, the first average

perimeter is at least 78 mm, no more than 125 mm, and/or between 78 and 125 mm. For

some applications, a greatest perimeter of first longitudinal portion 30, which may occur

at a first end 50 of hourglass-shaped body 22, as well as at other longitudinal locations

along the first portion, is at least 94 mm, no more than 141 mm, and/or between 94 and

141 mm.

For some applications, the waist average diameter is at least 15 mm, no more than

30 mm, and/or between 15 and 30 mm. For some applications, a greatest diameter of

waist portion 32 is at least 20 mm, no more than 35 mm, and/or between 20 and 35 mm.

For some applications, a smallest diameter of waist portion 32 is at least 13 mm, no more

than 25 mm, and/or between 13 and 25 mm. For some applications, the waist average

perimeter is at least 47 mm, no more than 94 mm, and/or between 47 and 94 mm. For

some applications, a greatest perimeter of waist portion 32 is at least 63 mm, no more than

110 mm, and/or between 63 and 110 mm. For some applications, a smallest perimeter of

waist portion 32 is at least 4 1 mm, no more than 78 mm, and/or between 4 1 and 78 mm.

For some applications, the second average diameter is at least 20 mm, no more

than 35 mm, and/or between 20 and 35 mm. For some applications, a greatest diameter of

second longitudinal portion 34, which may occur at a second end 52 of hourglass-shaped

body 22, as well as at other longitudinal locations along the second longitudinal portion, is

at least 25 mm, no more than 40 mm, and/or between 25 and 40 mm. For some

applications, the second average perimeter is at least 63 mm, no more than 110 mm,

and/or between 63 and 110 mm. For some applications, a greatest perimeter of second

longitudinal portion 34, which may occur at a second end 52 of hourglass-shaped body

22, as well as at other longitudinal locations along the second portion, is at least 78 mm,

no more than 125 mm, and/or between 78 and 125 mm.

Hourglass-shaped body 22 is hourglass-shaped; in other words, waist portion 32 is

narrower than first and second longitudinal portions 30 and 34. Typically:

• the waist average diameter is at least 60%, no more than 90%, and/or between

60% and 90% of the lesser of the first and the second average diameters, such

as between 70% and 80% of the lesser of the first and the second average

diameters. For some applications, the waist average diameter is at least 60%,

no more than 90%, and/or between 60% and 90% of each of the first and the



second average diameters (taken separately), such as between 70% and 80%

of each of the first and the second average diameters (taken separately);

• the waist smallest diameter is at least 60%, no more than 90%, and/or between

60% and 90% of the lesser of the first and the second greatest diameters, such

as between 70% and 80% of the lesser of the first and the second greatest

diameters. For some applications, the waist smallest diameter is at least 60%,

no more than 90%, and/or between 60% and 90% of each of the first and the

second greatest diameters (taken separately), such as between 70% and 80%

of each of the first and the second greatest diameters (taken separately);

• the waist average perimeter is at least 60%, no more than 90%, and/or

between 60% and 90% of the lesser of the first and the second average

perimeters, such as between 70% and 80% of the lesser of the first and the

second average perimeters. For some applications, the waist average

perimeter is at least 60%, no more than 90%, and/or between 60% and 90% of

each of the first and the second average perimeters (taken separately), such as

between 70% and 80% of each of the first and the second average perimeters

(taken separately); and/or

• the waist smallest perimeter is at least 60%, no more than 90%, and/or

between 60% and 90% of the lesser of the first and the second greatest

perimeters, such as between 70% and 80% of the lesser of the first and the

second greatest perimeters. For some applications, the waist smallest

perimeter is at least 60%, no more than 90%, and/or between 60% and 90% of

each of the first and the second greatest perimeters (taken separately), such as

between 70% and 80% of each of the first and the second greatest perimeters

(taken separately).

For some applications, when hourglass-shaped body 22 is in the radially-expanded

deployment configuration, (a) narrow waist portion 32 has coronal and sagittal waist

diameters, and an average waist diameter thereof, (b) first longitudinal portion 30 has

coronal and sagittal first diameters, and an average first diameter thereof, (c) second

longitudinal portion 34 has coronal and sagittal second diameters, and an average second

diameter thereof, and (d) the average waist diameter equals at least 60% of, no more than

90% of, and/or between 60% and 90% of the lesser of the average first diameter and the



average second diameter.

The axial and circumferential locations of the ostia of arteries that branch from the

aorta vary substantially from patient to patient. These arteries include the left and right

renal arteries, the celiac artery, and the superior mesenteric artery (SMA). The hourglass

shape of main stent-graft 20 enables the main stent-graft to accommodate this varying

anatomy, without requiring customization of the main stent-graft for each patient to align

the lateral apertures with the patient's ostia. As described hereinbelow with reference to

Figs. 11C-E, branching stent-grafts are coupled to the lateral apertures after main stent-

graft 20 has been deployed in the aorta. The hourglass shape provides space between the

lateral apertures and the ostia, in which space the surgeon can manipulate the branching

stent-grafts in order to accommodate any axial or circumferential misalignment between

the lateral apertures and the ostia. Typically, the hourglass shape enables the main stent-

graft to accommodate up to about 1 cm in axial misalignment between the lateral

apertures and the respective ostia of the branching vessels.

First, waist, and second longitudinal portions 30, 32, and 34 have respective

longitudinal lengths LI, L2, and L3. Typically, each of these lengths is at least 20 mm.

For some applications, LI is at least 15 mm, no more than 50 mm, and/or between 15 and

50 mm, L2 is at least 20 mm, no more than 70 mm, and/or between 20 and 70 mm, and L3

is at least 10 mm, no more than 100 mm, and/or between 10 and 100 mm.

For some applications, the one or more second structural stent elements 28B of

waist portion 32 comprise first and second stent elements 60A and 60B, which are shaped

so as to define first and second lateral apertures 36 and 38, respectively, when hourglass-

shaped body 22 is in the radially-expanded deployment configuration. In general, the

smaller (e.g., shorter) the metal stent elements (i.e., struts) are, the less likely they are to

fracture. Therefore, providing two separate stent elements 60A and 60B provides

columnar support similar to that provided by a single stent element, with an average of 1/2

to 2/3 of the length the stent elements would have if provided as a single stent element

shaped as to provide both the first and the second lateral apertures. For some

applications, when hourglass -shaped body 22 is in the radially-expanded deployment

configuration, a stent cell of stent element 60A defines first lateral aperture 36, and a stent

cell of stent element 60B defines first lateral aperture 38. For some applications, stent

elements 60A and 60B are shaped so as define respective closed-cell orifices

characterized by respective centers, and wherein the centers generally coincide with



centers 40 and 42 of first and second lateral apertures 36 and 38, respectively, when

hourglass -shaped body 22 is in the radially-expanded deployment configuration.

Typically, first and second stent elements 60A and 60B are not in direct contact with each

other when hourglass -shaped body 22 is in the radially-expanded deployment

configuration.

For some applications, when hourglass -shaped body 22 is in the radially-expanded

configuration, first and second stent elements 60A and 60B axially overlap and do not

circumferentially overlap, such as shown in Fig. 1, while for other applications, first and

second stent elements 60A and 60B circumferentially overlap, such as described

hereinbelow with reference to Fig. 3 . For some applications, each of first and second

stent elements 60A and 60B circumscribes an arc angle of at least 50 degrees, no more

than 170 degrees, and/or between 50 and 170 degrees, when hourglass -shaped body 22 is

in the radially-expanded deployment configuration.

Reference is made to Fig. 2, which is a schematic illustration of first lateral

aperture 36 and a surrounding portion of main stent-graft 20, in accordance with an

application of the present invention. Fig. 2 shows the main stent-graft in the radially-

expanded deployment configuration. In this configuration, one or more radiopaque

markers 70 are disposed around the perimeter of first lateral aperture 36. For example,

the radiopaque markers may be coupled to the portion of structural stent element 28 that

surrounds and defines first lateral aperture 36, such as two at each side of the aperture.

Radiopaque markers may similarly be provide for second lateral aperture 38. The

radiopaque markers aid the surgeon during insertion of the guiding catheters, and/or

guidewires, and/or subsequently, the branching stent-grafts into the lateral apertures, such

as described hereinbelow with reference to Fig. 11C.

Reference is now made to Fig. 3, which is a schematic illustration of a main

endovascular stent-graft 120, in accordance with an application of the present invention.

Main stent-graft 120 is one configuration of main endovascular stent-graft 10. Other than

as described hereinbelow, main endovascular stent-graft 120 is generally similar to main

stent-graft 20, described hereinabove with reference to Fig. 1, and may incorporate the

features of main stent-graft 20. Fig. 3 shows the main stent-graft in the radially-expanded

deployment configuration. In this configuration, first and second stent elements 60A and

60B circumferentially overlap when hourglass-shaped body 22 is in the radially-expanded

deployment configuration. Typically, the first and the second stent elements are axially



separated therebetween when hourglass- shaped body 22 is in the radially-expanded

deployment configuration.

For some applications, the first stent element is shaped substantially as an axial

inversion of the second stent element when the hourglass -shaped body is in the radially-

expanded deployment configuration. Alternatively or additionally, for some applications,

the first and the second stent elements are shaped so as to define respective trapezoids

when the hourglass- shaped body is in the radially-expanded deployment configuration.

For some applications, the trapezoids are right trapezoids, as shown in Figs. 3-6.

Alternatively, for some applications, the first and the second stent elements are shaped so

as to define right triangles when the hourglass -shaped body is in the radially-expanded

deployment configuration.

For some applications, when the hourglass- shaped body is in the radially-

expanded deployment configuration, first and second stent elements 60A and 60B

circumferentially overlap, axially overlap (such as shown in Fig. 1, or both

circumferentially and axially overlap (such as shown in Fig. 3, and Figs. 4, 5, and 10A-B).

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

endovascular stent-graft 220, in accordance with an application of the present invention.

Main stent-graft 220 is one configuration of main endovascular stent-graft 10. Other than

as described hereinbelow, main endovascular stent-graft 220 is generally similar to main

stent-graft 20, described hereinabove with reference to Fig. 1, and/or main stent-graft 120,

described hereinabove with reference to Fig. 3, and may incorporate the features of main

stent-graft 20 and/or main stent-graft 120. Fig. 4 shows the main stent-graft in the

radially-expanded deployment configuration. Although the stent elements of waist

portion 32 are shown with the configuration of main stent-graft 120, these stent elements

may instead have the configuration of main stent-graft 20, or other configurations.

Fabric 29 along first portion 30 is shaped so as to define a superior aperture 222.

In addition, typically one or more of structural stent elements 28 attached to fabric 29

along at least a portion of first longitudinal portion 30 are shaped so as to define superior

aperture 222, i.e., to define the border thereof, in order to provide structure to the border

and thus good fixation with a branching stent-graft, as described hereinbelow. This lateral

aperture is configured for coupling to a branching stent-graft to the superior mesenteric

artery (SMA). For some applications, superior aperture 222 is disposed so as to define a



superior aperture arc angle β (beta) around the central longitudinal axis between (a) a

center 224 of superior aperture 222 and (b) a midpoint 226 of arc angle a (alpha) between

respective centers 40 and 42 of first and second lateral apertures 36 and 38, superior

aperture arc β (beta) angle being less than 60 degrees when hourglass- shaped body 22 is

in the radially-expanded deployment configuration. For some applications, a perimeter

(which is a circumference if the aperture is elliptical, e.g., circular) of superior aperture

222 is at least 15 mm, no more than 30 mm, and/or between 15 and 30 mm.

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

endovascular stent-graft 320, in accordance with an application of the present invention.

Main stent-graft 320 is one configuration of main endovascular stent-graft 10. Other than

as described hereinbelow, main endovascular stent-graft 320 is generally similar to main

stent-graft 220, described hereinabove with reference to Fig. 3, and may incorporate the

features of main stent-grafts 20, 120, and/or 220. Fig. 5 shows the main stent-graft in the

radially-expanded deployment configuration. Although the stent elements of waist

portion 32 are shown with the configuration of main stent-graft 120, these stent elements

may instead have the configuration of main stent-graft 20, or other configurations.

As in the configuration described hereinabove with reference to Fig. 4, fabric 29

along first portion 30 is shaped so as to define superior aperture 222. This lateral aperture

is configured for coupling to a branching stent-graft to the superior mesenteric artery

(SMA). Superior aperture 222 may be disposed as described hereinabove with reference

to Fig. 4, and may have the perimeter described hereinabove with reference to Fig. 4 .

In addition, fabric 29 along first portion 30 is shaped so as to define a secondary

superior aperture 324 (in which case superior aperture 222 serves as a primary superior

aperture). In addition, typically one or more of structural stent elements 28 attached to

fabric 29 along at least a portion of first longitudinal portion 30 are shaped so as to define

secondary superior aperture 324, i.e., to define the border thereof, in order to provide

structure to the border and thus good fixation with a branching stent-graft, as described

hereinbelow. This superior aperture is configured for coupling a branching stent-graft to

the celiac artery. Secondary superior aperture 324 is typically slightly (e.g., between 8

and 20 mm) closer to first end 50 than primary superior aperture 222 is to the first end,

and is typically circumferentially aligned with primary superior aperture 222. For some

applications, a perimeter (which is a circumference if the aperture is elliptical, e.g.,

circular) of secondary superior aperture 324 is at least 3 mm, no more than 6 mm, and/or



between 3 and 6 mm.

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

endovascular stent-graft 420, in accordance with an application of the present invention.

Main stent-graft 420 is one configuration of main endovascular stent-graft 10. Other than

as described hereinbelow, main endovascular stent-graft 420 is generally similar to main

stent-graft 220, described hereinabove with reference to Fig. 3, and may incorporate the

features of main stent-grafts 20, 120, 220, and/or 320. Fig. 6 shows the main stent-graft

in the radially-expanded deployment configuration. Although the stent elements of waist

portion 32 are shown with the configuration of main stent-graft 120, these stent elements

may instead have the configuration of main stent-graft 20, or other configurations.

As in the configuration described hereinabove with reference to Fig. 4, fabric 29

along first portion 30 is shaped so as to define superior aperture 222. This lateral aperture

is configured for coupling to a branching stent-graft to the superior mesenteric artery

(SMA). Superior aperture 222 may be disposed as described hereinabove with reference

to Fig. 4, and may have the perimeter described hereinabove with reference to Fig. 4 .

In addition, fabric 29 along first longitudinal portion 30 is shaped so as to define a

superior scallop 426, which is open to and extends away from an edge of fabric 29. In

addition, for some applications, one or more of structural stent elements 28 attached to

fabric 29 along at least a portion of first longitudinal portion 30 are shaped so as to define

superior scallop 426, i.e., to define the border thereof. Superior scallop 426 is configured

to allow free blood flow to the celiac artery. Superior scallop 426 typically begins at first

end 50 and ends between 10 to 30 mm inferiorly to first end 50. For some applications, a

width W of superior scallop 426, measured in a circumferential direction, is at least 10

mm, no more than 20 mm, and/or between 10 and 20 mm, such as at least 5 mm, no more

than 12 mm, and/or between 5 and 12 mm, and a height H of superior scallop 426,

measured in a direction parallel with central longitudinal axis 44, is at least 5 mm, no

more than 30 mm, and/or between 5 and 30 mm, such as at least 5 mm (e.g., at least 10

mm), no more than 25 mm, and/or between 5 mm (e.g., 10 mm) and 25 mm. For some

applications, superior scallop 426 is generally shaped as a semi-circle. For some

applications, superior scallop 426 is disposed so as to define a superior scallop arc angle

around central longitudinal axis 44 between (a) a center of superior scallop 426 and (b) a

midpoint of an arc angle between respective centers of first and the second lateral

apertures 36 and 38, the superior scallop arc angle being less than 60 degrees when



hourglass -shaped body 22 is in the radially-expanded deployment configuration.

Reference is still made to Fig. 6 . As mentioned above, typically one or more of

structural stent elements 28 attached to fabric 29 along at least a portion of waist portion

32 are shaped so as to define first and second lateral apertures 36 and 38, respectively,

when hourglass -shaped body 22 is in the radially-expanded deployment configuration.

For some applications, the one or more structural stent elements 28 that define one or

more of the apertures, i.e., respective borders thereof, comprise respective radiopaque

wires 440. These radiopaque structural stent elements thus both provide structure to the

apertures (for fixation of branching stent-grafts therein) and visualization of the aperture

during imaging, typically fluoroscopy. The radiopaque borders of the apertures aid the

surgeon during insertion of the guiding catheters, and/or guidewires, and/or subsequently,

the branching stent-grafts into the lateral apertures, such as described hereinbelow with

reference to Fig. 11C. These techniques may be implemented in combination with any of

the configurations of main stent-graft 10 described herein, such as with reference to Figs.

1, 3, 4, 5, 6, and lOA-C.

Similarly, for some applications in which one or more of structural stent elements

28 attached to fabric 29 along at least a portion of first longitudinal portion 30 are shaped

so as to define superior aperture 222, i.e., to define the border thereof, these one or more

structural stent elements 28 comprise respective radiopaque wires 442.

Similarly, for some applications in which one or more of structural stent elements

28 attached to fabric 29 along at least a portion of first longitudinal portion 30 are shaped

so as to define secondary superior aperture 324, i.e., to define the border thereof, as

described hereinabove with reference to Fig. 5, these one or more structural stent elements

28 comprise respective radiopaque wires 444.

Similarly, for some application in which one or more of structural stent elements

28 attached to fabric 29 along at least a portion of first longitudinal portion 30 are shaped

so as to define superior scallop 426, i.e., to define the border thereof, these one or more

structural stent elements 28 comprise respective radiopaque wires 446.

Typically, radiopaque wires 440, 442, 444, and 446 comprise a metal, such as

tungsten, gold, titanium, or iridium. Typically, structural stent elements 28, other than

radiopaque wires 440, 442, 444, and 446 that define the one or more apertures, are less

radiopaque than the radiopaque wires. For example, these other structural stent elements



may comprise Nitinol, stainless steel, or cobalt chromium. For some applications, a

collective mass of the structural stent elements 28, other radiopaque wires 440, 442, 444,

and 446, equals at least 10 times a collective mass of radiopaque wires 440, 442, 444, and

446.

Reference is now made to Figs. 7-9, which are schematic illustrations of several

configurations of branching endovascular stent-grafts 500, in accordance with respective

applications of the present invention. Branching stent-grafts 500 are configured to be

coupled to first and second lateral apertures 36 and 38 of main stent-graft 10, such as

described hereinbelow with reference to Figs. 11C-E. Figs. 7-9 show the branching stent-

grafts in radially-expanded deployment configurations. Branching stent-grafts 500 are

configured to initially be positioned in a delivery catheter in radially-compressed delivery

configurations (not shown).

Each of branching stent-grafts 500 comprises a tubular fluid flow guide 532, and a

flexible stent member 530, which comprises a plurality of structural stent elements (a

portion of which are hidden by fluid flow guide 532 in Figs. 7-9). Fluid flow guide 532 is

attached to the structural stent elements, such as by suturing or stitching. Each of

branching stent-grafts 500 has a first end 520, which is configured to be coupled to the

lateral apertures of main stent-graft 10, and an opposite second end 522.

Typically, each of the structural stent elements is shaped so as to define a plurality

of stent cells. The structural stent elements may be attached to an internal surface and/or

an external surface of the fluid flow guide. Optionally, a portion of the structural stent

elements may be attached (e.g., sutured) to the internal surface, and another portion to the

external surface. For some applications, the structural stent elements comprise a metal.

Alternatively or additionally, the structural stent elements comprise a self-expanding

material, such that stent-graft 500 is self-expandable. Alternatively or additionally, the

structural stent elements comprise a superelastic metal alloy, a shape memory metallic

alloy, and/or Nitinol. For some applications, the stent-graft is heat-set to assume the

radially-expanded configuration.

Fluid flow guide 532 comprises at least one piece of biologically-compatible

substantially blood-impervious fabric 534. The fabric may comprise, for example, a

polyester, a polyethylene (e.g., a poly-ethylene-terephthalate), a polymeric film material

(e.g., polytetrafluoroethylene), a polymeric textile material (e.g., woven polyethylene



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

combination thereof.

Each of branching stent-grafts 500 is shaped so as to define an interface portion

542 near first end 520 thereof, e.g., within 5 mm of the first end. When the branching

stent-graft is in the radially-expanded deployment configuration, the interface portion is

shaped so as to define a stricture 540, i.e., a narrow portion, on either longitudinal side of

which the stent-graft is wider. Stricture 540 is sized and shaped to be placed within, and

securely interface with, one of first and second lateral apertures 36 and 38, so as to form a

blood-tight seal with the perimeter of the lateral aperture. The structural stent elements of

flexible stent member 530 help define stricture 540, and thus provide a solid structural

interface with the lateral aperture, as well as some tolerance to deployment positioning

errors by the operators, as the slopes on each side of stricture 540 tend to centralize the

narrowest portion of the stricture at a plane similar to that of lateral apertures 36 and 38 or

the primary or secondary superior apertures. When the branching stent-graft is in the

radially-expanded deployment configuration, a portion of the structural stent elements of

interface portion 432 extends beyond stricture 540 toward first end 520 of the branching

stent-graft, and radially outward, in order to provide good coupling of the interface

portion with one of first and second lateral apertures 36 and 38.

When coupled to one of the lateral apertures, interface portion 542 typically

extends radially inward into the lumen of the main stent-graft only slightly, such as by no

more than 5 mm, e.g., no more than 3 mm, e.g., between 2 and 5 mm, such that interface

portion 542 does not substantially interfere with blood flow through the lumen. For

example, fabric 534 may extend by no more than 0.5 mm, and stent member 530 may

extend by no more than 1 mm into the lumen of the main stent-graft. Such non-

interference with blood flow allows the main stent-graft to have narrower waist portion

32, and yet still provide sufficient blood flow through the lumen of this narrower portion,

which would not be possible if the interface portions of two or three branching stent-grafts

extended too far into the lumen of the main stent-graft.

For some applications, a diameter of the branching stent graft generally

monotonously does not decrease from second end 522 to first end 520 of the branching

stent-graft. For some applications, the diameter at first end 520 is at least 20% greater

than the diameter at second end 522. For some applications, a diameter of the branching

structural stent elements adjacently distal the stricture is at least 5% greater than a



diameter of the branching fabric at the same longitudinal location along the branching

stent graft, when the first branching stent-graft is in the branching radially-expanded

deployment configuration. In other words, there is some oversizing between flexible stent

member 530 and fluid flow guide 532 so that the stent member is capable of outwardly

pressing against the fabric of the fluid flow guide when they are attached to each other.

Fig. 7 is a schematic illustration of a branching stent-graft 510, in accordance with

an application of the present invention. Branching stent-graft 510 is one configuration of

branching stent-graft 500. In this configuration, fabric 534 of fluid flow guide 532 at least

partially covers, and is securely attached to, the structural stent elements of interface

portion 432 that extend beyond stricture 540 toward first end 520 of the branching stent-

graft, when the branching stent-graft is in the radially-expanded deployment

configuration.

Fig. 8 is a schematic illustration of a branching stent-graft 610, in accordance with

an application of the present invention. Branching stent-graft 610 is one configuration of

branching stent-graft 500. In this configuration, fabric 534 of fluid flow guide 532 does

not cover the structural stent elements of interface portion 432 that extend beyond

stricture 540 toward first end 520 of the branching stent-graft, when the branching stent-

graft is in the radially-expanded deployment configuration.

Fig. 9 is a schematic illustration of a branching stent-graft 710, in accordance with

an application of the present invention. Branching stent-graft 710 is one configuration of

branching stent-graft 500. In this configuration, the structural stent elements of interface

portion 542 comprise:

• first structural stent elements 544, which extend from stricture 540 and

beyond stricture 540 toward first end 520 of the branching stent-graft, and

radially outward, when the branching stent-graft is in the radially-expanded

deployment configuration; fabric 534 typically does not cover first structural

stent elements 544;

• second structural stent elements 546, which extend from stricture 540 toward

second end 522 of the branching stent-graft, and radially outward, when the

branching stent-graft is in the radially-expanded deployment configuration;

fabric 534 typically does not cover second structural stent elements 546; and

• optionally, third structural stent elements 548, which extend from stricture 540



toward second end 522 of the branching stent-graft, and are generally aligned

with a surface of fabric 534, when the branching stent-graft is in the radially-

expanded deployment configuration. Third structural stent elements 548 are

coupled to third structural stent elements 548, such by stitching, and help

support the fabric of the branching stent-graft.

Reference is made to Figs. lOA-C, which are schematic illustrations of a technique

for deploying main stent-graft 10 and branching stent-grafts 500, in accordance with an

application of the present invention. Although the stent elements of waist portion 32 are

shown with the configuration of main stent-graft 120, these stent elements may instead

have the configuration of main stent-graft 20, or other configurations.

Fig. 10A shows main stent-graft 10 in an intermediate deployment configuration,

in which the diameter of waist portion 32 has not fully expanded from the initial radially-

compressed delivery configuration to the radially-expanded deployment configuration.

Typically, when waist portion 32 is in this intermediate deployment configuration, the

second average diameter of waist portion 32 is at least 10% less than when the hourglass-

shaped body is in the radially-expanded deployment configuration. When in the

intermediate deployment configuration, waist portion 32 defines an angle A2 between (a)

a line perpendicular to a plane defined by first lateral aperture 36 and (b) central

longitudinal axis 44, and an angle B2 between (a) a line perpendicular to a plane defined

by second lateral aperture 38 and (b) central longitudinal axis 44. Angles A2 and B2 are

less than similarly defined angles Al and Bl when hourglass-shaped body 22, including

waist portion 32 is in the fully radially-expanded deployment configuration, as labeled in

Fig. 3 . As a result, it is generally easier to advance guidewires through the lateral

apertures, because the lateral apertures are less sideways-facing than in the fully radially-

expanded state.

Fig. 10B shows the insertion of two guidewires 800A and 800B into second end

52 of the stent-graft and out of first and second lateral apertures 36 and 38, while the main

stent-graft is in the intermediate deployment configuration.

Fig. IOC shows the main stent-graft after it has been released to the radially-

expanded deployment configuration, with the two guidewires still passing through first

and second lateral apertures 36 and 38. The guidewires are subsequently used to deploy

branching stent-grafts 500 through first and second lateral apertures 36 and 38, such as



described hereinbelow with reference to Figs. 11C-D.

For some applications, a releasable latching mechanism is provided; for example,

the structural stent elements of waist portion 32 may comprise the latching mechanism.

The latching mechanism is configured to assume a latched state in which the mechanism

confines the structural stent elements of waist portion 32 in the intermediate deployment

configuration.

For some applications, the releasable latching mechanism is configured to effect a

transition of waist portion 32 from the intermediate deployment configuration to the

radially-expanded deployment configuration upon a triggering event. For some

applications, the triggering event is an exertion of outward radial pressure inside the waist

portion. For some applications, the releasable latching mechanism comprises a

longitudinal latching shaft that passes along at least a portion of the central longitudinal

axis. For example, the triggering event may be a generally axial translation of the

longitudinal latching shaft, or a generally rotational translation of the longitudinal latching

shaft. For some applications, the releasable latching mechanism is implemented using

techniques described in PCT Publication WO 2012/104842, which is assigned to the

assignee of the present application and is incorporated herein by reference, such as with

reference to Figs. 3A-5B thereof.

Reference is now made to Figs. 11A-F, which are schematic illustrations of an

exemplary method of deploying main stent-graft 10 and two branching stent-grafts 500 in

the vicinity of a sub-renal (e.g., juxtarenal) abdominal aortic aneurysm 910 of an

abdominal aorta, in accordance with an application of the present invention.

As shown in Fig. 11A, during a first stage of the implantation procedure, stent-

graft 10 is deployed using an endovascular stent delivery tool 900, which typically

comprises a delivery catheter 902, a distal tip 904, and a guidewire 906. Stent-graft 10 is

initially positioned in delivery catheter 902, restrained in the radially-compressed delivery

configuration in the stent-graft's delivery configuration by the catheter. Stent-graft 10 is

transvascularly (typically percutaneously) introduced into the aorta, e.g., via one of iliac

arteries 914A or 914B, while positioned in delivery catheter 902. In this exemplary

deployment, delivery catheter 902 and distal tip 904 are advanced over guidewire 906

until the distal tip is positioned at or slightly above renal arteries 912A and 912B.

As shown in Fig. 11B, delivery catheter 902 is proximally withdrawn, releasing



main stent-graft 10 in the aorta. The stent-graft radially expands and transitions to the

radially-expanded deployment configuration as it is released, until first longitudinal

portion 30 comes in contact with a wall of the blood vessel, e.g., a wall of the aorta above

the renal arteries in this exemplary deployment.

As shown in Fig. 11C, a guidewire 800 is introduced through second end 52 of the

stent-graft, out of first lateral aperture 36, and into right renal artery 912A. A first

branching stent-graft 500A is introduced over guidewire 800 while the branching stent-

graft is in a radially-compressed delivery configuration in a delivery catheter. Optionally,

a second guidewire 800 is introduced before the first branching stent-graft is introduced.

Optionally, during the introduction of one or both guidewires 800, main stent-graft 10 is

only partially expanded to the intermediate deployment configuration, as described

hereinabove with reference to Figs. lOA-C.

For applications in which radiopaque markers 70 or radiopaque wires 440, 442,

444, and/or 446 are provided, such as described hereinabove with reference to Fig. 2 and

Fig. 7, respectively, the radiopaque markers aid the surgeon during insertion of the

guiding catheters, and/or guidewires, and/or subsequently, the branching stent-grafts into

the lateral apertures.

As shown in Fig. 11D, the surgeon withdraws the delivery catheter of first

branching stent-graft 500A, thereby releasing the first branching stent-graft within right

renal artery 912A, such that interface portion 542 of the branching stent-graft engages and

forms a blood-tight seal with first lateral aperture 36. Guidewire 800 is then removed.

As shown in Fig. HE, a second branching stent-graft 500B is deployed in left

renal artery 912B, using the techniques described above with reference to Figs. 11C-D.

For some applications, an endovascular angioplasty balloon is provided, which

comprises a proximal lobe and a distal lobe and a radiopaque marker positioned

therebetween. The proximal and distal lobes of the balloon are sized to be expandable to

at least 10% greater than a greater of (a) a diameter the first lateral aperture and (b) a

diameter of the second lateral aperture. The balloon is inflated inside the main stent-graft

after the branching stent-grafts have been deployed, so as to minimize and

homogeneously distribute folds of fabric 29 around the circumference of the main stent-

graft. The two lobes are provided in order to avoid crushing the portions of the branching

stent-grafts that are within waist portion 32. The balloon is thus sized such that the



proximal and distal lobes correspond in longitudinal dimensions with first and second

longitudinal portions 30 and 34, respectively.

As shown in Fig. 11F, one or more additional stent-grafts are coupled to main

stent-graft 10, in order to provide one or more continuous blood-flow lumens through

aortic aneurysm 910 to iliac arteries 914A and 914B. The stent-grafts are coupled

together to form substantially blood impervious seals. Second longitudinal portion 34 of

the main stent-graft may positioned inside the other stent-graft, or the other stent-graft

may positioned inside the second longitudinal portion of the main stent-graft.

In the particular configuration shown in Fig. 11F, a primary stent-graft 930 is

deployed in the descending aorta with a branch 932 there of positioned in one of the iliac

arteries, and a secondary stent-graft 934 is coupled to the primary stent-graft and

positioned in the other of the iliac arteries.

As a result, blood flows into first end 50 of main stent-graft 10 and feeds both iliac

arteries, as well as the renal arteries and, optionally, the superior mesenteric artery (SMA)

and celiac artery.

Reference is made to Fig. 12, which is a schematic illustration of an alternative

deployment of main stent-graft 10 and accompanying stent-grafts, in accordance with an

application of the present invention. This deployment is similar to that of Fig. 1IF, except

that a stent-graft 942 is deployed in the iliac arteries, spanning the aorto-iliac junction,

with legs 946 and 948 of the stent-graft in respective iliac arteries. A vertical stent-graft

940 is coupled to main stent-graft 10 and an aorta-facing aperture of stent-graft 942. This

configuration may be practiced in combination with techniques described in PCT

Publication WO 2011/007354, which is assigned to the assignee of the present application

and is incorporated herein by reference.

The techniques described with reference to Figs. 11A-F may be used, for example,

to deploy:

• the main stent-graft in the aortic arch, and one or more branching stent-grafts

in the brachiocephalic artery, the left common carotid artery, and/or the left

subclavian artery 105; for example, for treating TAA, the main stent-graft

may be shaped so as to define the primary and secondary superior apertures

(and typically not define the scallop), and first longitudinal portion 30 may be

as long as required, as there are no other major branching vessels in the



thoracic aorta, until the arch begins; the secondary superior aperture is

positioned adjacent the celiac artery, the primary superior aperture adjacent

the SMA, and the lateral apertures facing the renal arteries.

• the main stent-graft in the common iliac artery at the bifurcation of the

common iliac artery to the internal iliac artery, and one or more branching

stent-grafts in the internal iliac artery and/or external iliac artery;

• the main stent-graft in the superficial femoral artery (SFA) at the bifurcation

of iliac artery to the SFA and to the deep femoral artery, and a branching

stent-graft in the femoral circumflex; or

· the main stent-graft spanning the common carotid and the internal carotid at

the carotid bifurcation to the internal and external carotid arteries, and a

branching stent-graft in the external carotid.

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

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

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

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

circular, or generally elliptical but not circular, or circular.

The scope of the present invention includes embodiments described in the

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

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

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

apparatus described herein:

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

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

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

Application Publication 2010/0063575 to Shalev et al.

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

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

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

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



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

PCT Publication WO 2010/150208

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

PCT Publication WO 2011/007354

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

as PCT Publication WO 2011/055364

PCT Application PCT/IL20 10/000999, filed November 30, 2010, which published

as PCT Publication WO 2011/064782

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

as PCT Publication WO 2011/067764

PCT Application PCT/IL20 10/00 1037, filed December 8, 2010, which published

as PCT Publication WO 2011/070576

• PCT Application PCT/IL201 1/000135, filed February 8, 2011, entitled, "Thermal

energy application for prevention and management of endoleaks in stent-grafts,"

which published as PCT Publication WO 201 1/095979

• US Application 13/031,871, filed February 22, 2011, entitled, "Flexible stent-

grafts," which published as US Patent Application Publication 2011/0208289

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

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

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

• PCT Application PCT/IL2012/000060, filed February 2, 2012, which published as

PCT Publication WO 2012/104842

PCT Application PCT/IL2012/000083, filed February 16, 2012, which published

as PCT Publication WO 2012/111006

PCT Application PCT/IL20 12/000095, filed March 1, 2012, which published as

PCT Publication WO 2012/117395

PCT Application PCT/IL20 12/000 148, filed April 4, 2012, entitled, "Stent-grafts

with post-deployment variable axial and radial displacement"

PCT Application PCT/IL2012/000190, filed May 15, 2012, entitled, "Stent-graft



with fixation elements that are radially confined for delivery"

• US Patent Application 13/523,296, filed June 14, 2012

• PCT Application PCT/IL2012/000241, filed June 19, 2012, entitled,

"Endovascular system with circumferentially-overlapping stent-grafts"

· PCT Application PCT/IL2012/000269, filed July 2, 2012, entitled, "Stent fixation

with reduced plastic deformation"

• PCT Application PCT/IL2012/050424, filed October 29, 2012, entitled, "Triple-

collar stent-graft"

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

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

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

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

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

foregoing description.



CLAIMS

1. Apparatus comprising an endovascular stent-graft, which comprises a generally

tubular hourglass-shaped body, which body (a) is configured to assume a radially-

compressed delivery configuration and a radially-expanded deployment configuration,

and (b) comprises:

a flexible stent member, which comprises a plurality of structural stent elements;

and

a tubular fluid flow guide, which comprises a fabric, and is attached to the

structural stent elements,

wherein the hourglass-shaped body is shaped so as to define a narrow waist

portion longitudinally surrounded by and adjacent to wider first and second longitudinal

portions, and

wherein the fabric along the waist portion is shaped so as to define at least first

and second lateral apertures.

2 . The apparatus according to claim 1, wherein the first and the second lateral

apertures are disposed such that an arc angle around a central longitudinal axis of the

body between respective centers of the first and the second lateral apertures is between

120 and 180 degrees when the body is in the radially-expanded deployment configuration.

3 . The apparatus according to claim 1, wherein the narrow waist portion, first

longitudinal portion, and second longitudinal portion, when the hourglass-shaped body is

in the radially-expanded deployment configuration, have waist, first, and second average

diameters, respectively, which waist average diameter equals between 60% and 90% of

the lesser of the first and the second average diameters.

4 . The apparatus according to claim 1, wherein, when the hourglass-shaped body is

in the radially-expanded deployment configuration, a smallest diameter of the waist

portion is no more than 90% of the lesser of (a) a greatest diameter of the first

longitudinal portion and (b) a greatest diameter of the second longitudinal portion.

5 . The apparatus according to claim 1, wherein, when the hourglass-shaped body is

in the radially-expanded deployment configuration:

the narrow waist portion has coronal and sagittal waist diameters, and an average

waist diameter thereof,

the first longitudinal portion has coronal and sagittal first diameters, and an



average first diameter thereof,

the second longitudinal portion has coronal and sagittal second diameters, and an

average second diameter thereof,

wherein the average waist diameter equals between 60% and 90% of the lesser of

the average first diameter and the average second diameter.

6 . The apparatus according to claim 1, wherein the narrow waist portion, first

longitudinal portion, and second longitudinal portion, when the hourglass-shaped body is

in the radially-expanded deployment configuration, have waist, first, and second average

perimeters, respectively, which waist average perimeter equals between 60% and 90% of

the lesser of the first and the second average perimeters.

7 . The apparatus according to claim 1, wherein, when the hourglass-shaped body is

in the radially-expanded deployment configuration, a smallest perimeter of the waist

portion is no more than 90% of the lesser of (a) a greatest perimeter of the first

longitudinal portion and (b) a greatest perimeter of the second longitudinal portion.

8. The apparatus according to claim 1, wherein one or more of the structural stent

elements are attached to the fabric along at least a portion of the waist portion, and are

shaped so as to define the first and the second lateral apertures, respectively, when the

hourglass-shaped body is in the radially-expanded deployment configuration.

9 . The apparatus according to claim 1, wherein the waist portion, first longitudinal

portion, and the second longitudinal portion have respective longitudinal lengths, each of

which lengths is at least 10 mm.

10. The apparatus according to any one of claims 1-9, wherein one or more first ones

of the structural stent elements are attached to the fabric along at least a portion of the first

longitudinal portion, one or more second ones of the structural stent elements are attached

to the fabric along at least a portion of the waist portion, and one or more third ones of the

structural stent elements are attached to the fabric along at least a portion of the second

longitudinal portion.

11. The apparatus according to claim 10, wherein none of the one or more first

structural stent elements is in direct contact with any of the one or more second structural

stent elements when the hourglass-shaped body is in the radially-expanded deployment

configuration.

12. The apparatus according to claim 10, wherein none of the one or more third



structural stent elements is in direct contact with any of the one or more second structural

stent elements when the hourglass-shaped body is in the radially-expanded deployment

configuration.

13. The apparatus according to any one of claims 1-9, wherein an axial distance

between the respective centers of the first and the second lateral apertures, measured

along the central longitudinal axis of the hourglass -shaped body, is no more than 2 cm.

14. The apparatus according to any one of claims 1-9, wherein fabric along the first

portion is shaped so as to define a superior aperture.

15. The apparatus according to claim 14, wherein the superior aperture is disposed so

as to define a superior aperture arc angle around the central longitudinal axis between (a)

a center of the superior aperture and (b) a midpoint of an arc angle between respective

centers of the first and the second lateral apertures, the superior aperture arc angle being

less than 60 degrees when the hourglass- shaped body is in the radially-expanded

deployment configuration.

16. The apparatus according to claim 14, wherein a perimeter of the superior aperture

is between 18 and 35 mm.

17. The apparatus according to any one of claims 1-9, wherein the structural stent

elements comprise first and second structural stent elements, which are attached to the

fabric along at least a portion of the waist portion, and are shaped so as to define the first

and the second lateral apertures, respectively, when the hourglass-shaped body is in the

radially-expanded deployment configuration.

18. The apparatus according to claim 17, wherein the first and the second structural

stent elements do not circumferentially overlap when the hourglass- shaped body is in the

radially-expanded deployment configuration.

19. The apparatus according to claim 17, wherein the first and second structural stent

elements are shaped so as define respective closed-cell orifices characterized by

respective centers, and wherein the centers generally coincide with the centers of the first

and the second lateral apertures, respectively, when the hourglass-shaped body is in the

radially-expanded deployment configuration

20. The apparatus according to claim 17, wherein each of the first and the second

structural stent elements circumscribes an arc angle of between 50 and 170 degrees, when



the hourglass-shaped body is in the radially-expanded deployment configuration.

21. The apparatus according to claim 17, wherein the first and the second structural

stent elements are not in direct contact with each other when the hourglass-shaped body is

in the radially-expanded deployment configuration.

22. The apparatus according to claim 17, wherein the first and the second structural

stent elements are axially separated therebetween when the hourglass-shaped body is in

the radially-expanded deployment configuration.

23. The apparatus according to claim 17, wherein the first and the second structural

stent elements circumferentially and/or axially overlap when the hourglass-shaped body is

in the radially-expanded deployment configuration.

24. The apparatus according to claim 17, wherein the first structural stent element is

shaped substantially as an axial inversion of the second structural stent element when the

hourglass-shaped body is in the radially-expanded deployment configuration.

25. The apparatus according to claim 17, wherein the first and the second structural

stent elements are shaped so as to define respective trapezoids when the hourglass-shaped

body is in the radially-expanded deployment configuration.

26. The apparatus according to claim 25, wherein the trapezoids are right trapezoids.

27. The apparatus according to claim 17, wherein the first and the second structural

stent elements are shaped so as to define right triangles when the hourglass-shaped body

is in the radially-expanded deployment configuration.

28. The apparatus according to any one of claims 1-9, further comprising at least first

and second generally tubular branching stent-grafts, which are shaped so as to define

respective interface portions that are configured to be coupled to the first and the second

lateral apertures, respectively.

29. The apparatus according to claim 28, wherein the first and the second branching

stent grafts are self-expandable from respective branching radially-compressed delivery

configurations to respective branching radially-expanded deployment configurations.

30. The apparatus according to claim 28, wherein the first branching stent-graft

comprises:

a flexible branching stent member, which comprises a plurality of branching

structural stent elements; and



a tubular branching fluid flow guide, which comprises a branching fabric, and is

attached to the branching structural stent elements,

wherein, when the first branching stent-graft is in the branching radial-expanded

deployment configuration, the branching structural stent elements are shaped so as to

define a stricture near a first end of the first branching stent-graft, which stricture is sized

to be securely coupled to the first lateral aperture of the main stent-graft.

31. The apparatus according to claim 30, wherein the stricture is positioned within 5

mm of the first end of the first branching stent-graft.

32. The apparatus according to claim 30, wherein the branching fabric covers, and is

securely attached to, the branching structural stent elements that extend beyond the

stricture toward an end of the first branching stent-graft that is coupled to the first lateral

aperture, when the first branching stent-graft is in the branching radial-expanded

deployment configuration.

33. The apparatus according to claim 30, wherein one or more of the branching

structural stent elements define the stricture.

34. The apparatus according to claim 30, wherein a diameter of the branching

structural stent elements adjacently distal the stricture is at least 5% greater than a

diameter of the branching fabric at the same longitudinal location along the branching

stent graft, when the first branching stent-graft is in the branching radially-expanded

deployment configuration.

35. The apparatus according to claim 28, wherein the interface portion of the first

branching stent-graft is at a first end of the first stent-graft, and wherein a diameter of the

first branching stent graft generally monotonously does not decrease from a second end of

the first stent-graft to the first end of the first stent-graft.

36. The apparatus according to claim 35, wherein the diameter of the first branching

stent-graft at the first end thereof is at least 20% greater than the diameter of the first

branching stent-graft at the second end thereof.

37. The apparatus according to claim 28, further comprising an endovascular

angioplasty balloon comprising a proximal lobe and a distal lobe and a radiopaque marker

positioned therebetween, wherein the proximal and distal lobes of the balloon are sized to

be expandable to at least 10% greater than a greater of (a) a diameter the first lateral

aperture and (b) a diameter of the second lateral aperture.



38. The apparatus according to claim 28, further comprising at least another stent-graft,

wherein the main stent-graft and the other stent-graft are longitudinally coupled together

to so as to form a substantially blood impervious seal.

39. The apparatus according to claim 38, wherein the second longitudinal portion of the

main stent-graft is positioned inside the other stent-graft.

40. The apparatus according to claim 38, wherein the other stent-graft is positioned inside

the second longitudinal portion of the main stent-graft.

41. The apparatus according to claim 38, wherein the other stent-graft comprises an

additional endovascular system shaped so as to define one blood entry lumen and at least

two blood exit lumens, and the blood entry lumen is coupled with the second longitudinal

portion of main stent-graft.

42. The apparatus according to any one of claims 1-9, wherein the waist portion is

configured to assume an intermediate deployment configuration, in which configuration

the second average diameter is at least 10% less than when the hourglass- shaped body is

in the radially-expanded deployment configuration.

43. The apparatus according to claim 42, wherein the apparatus further comprises a

releasable latching mechanism, which is configured to assume a latched state in which the

mechanism confines the structural stent elements of the waist portion in the intermediate

deployment configuration.

44. The apparatus according to claim 43, wherein the releasable latching mechanism is

configured to effect a transition of the waist portion from the intermediate deployment

configuration to the radially-expanded deployment configuration upon a triggering event.

45. The apparatus according to claim 44, wherein the triggering event is an exertion of

outward radial pressure inside the waist portion.

46. The apparatus according to claim 44, wherein the releasable latching mechanism

comprises a longitudinal latching shaft that passes along at least a portion of the central

longitudinal axis, and wherein the triggering event is a generally axial translation of the

longitudinal latching shaft.

47. The apparatus according to claim 44, wherein the releasable latching mechanism

comprises a longitudinal latching shaft that passes along at least a portion of the central

longitudinal axis, and wherein the triggering event is a generally rotational translation of



the longitudinal latching shaft.

48. The apparatus according to any one of claims 1-9, wherein the fabric along the

first longitudinal portion is shaped so as to define at least one superior scallop, the

superior scallop being characterized by a width and a height, when the hourglass -shaped

body is in the radially-expanded deployment configuration.

49. The apparatus according to claim 48, wherein the superior scallop is disposed so

as to define a superior scallop arc angle around the central longitudinal axis between (a) a

center of the superior scallop and (b) a midpoint of an arc angle between respective

centers of the first and the second lateral apertures, the superior scallop arc angle being

less than 60 degrees when the hourglass- shaped body is in the radially-expanded

deployment configuration.

50. The apparatus according to claim 48, wherein the width of superior scallop is

between 5 and 12 mm.

51. The apparatus according to claim 48, wherein the height of superior scallop is

between 5 and 25 mm.

52. The apparatus according to any one of claims 1-9, wherein the hourglass -shaped

body has an elliptical cross-section perpendicular to the central longitudinal axis of the

hourglass-shaped body, when the hourglass- shaped body is in the radially-expanded

deployment configuration.

53. The apparatus according to claim 52, wherein the elliptical cross-section is circular

when the hourglass- shaped body is in the radially-expanded deployment configuration.

54. The apparatus according to any one of claims 1-9, wherein the second portion is

shaped so as to define a constant diameter cylinder when the hourglass -shaped body is in

the radially-expanded deployment configuration.

55. The apparatus according to any one of claims 1-9, wherein the second portion is

shaped so as to define a radially concave tube when the hourglass -shaped body is in the

radially-expanded deployment configuration.

56. The apparatus according to any one of claims 1-9, wherein the second portion is

shaped so as to define an inward trapezoid when the hourglass-shaped body is in the

radially-expanded deployment configuration.

57. The apparatus according to any one of claims 1-9, wherein the first average



diameter is between 25 and 40 mm.

58. The apparatus according to any one of claims 1-9, wherein the second average

diameter is between 20 and 35 mm.

59. The apparatus according to any one of claims 1-9, wherein the waist diameter is

between 15 and 30 mm.

60. The apparatus according to any one of claims 1-9, wherein a diameter of each of

the lateral apertures is between 6 and 15 mm.

61. The apparatus according to any one of claims 1-9, wherein a ratio between an

average diameter of the second longitudinal portion and a diameter of each of the lateral

apertures is between 1.3 and 6 .

62. The apparatus according to any one of claims 1-9, wherein a ratio between an

average diameter of the first longitudinal portion and a diameter of each of the lateral

apertures is between 1.5 and 7 .

63. The apparatus according to any one of claims 1-9, wherein a ratio between an

average diameter of the waist portion and a diameter of each of the lateral apertures is

between 1 and 5 .

64. The apparatus according to any one of claims 1-9, wherein the structural stent

elements comprise a metal.

65. The apparatus according to claim 64, wherein the metal comprises a superelastic

alloy.

66. The apparatus according to claim 64, wherein the metal comprises a shape

memory alloy.

67. Apparatus comprising an endovascular stent-graft, which comprises a generally

tubular body, which body (a) is configured to assume a radially-compressed delivery

configuration and a radially-expanded deployment configuration, and (b) comprises:

a flexible stent member, which comprises a plurality of structural stent elements,

which comprise:

one or more first structural stent elements that comprise one or more

respective radiopaque wires; and



one or more second structural stent elements that are less radiopaque than

the radiopaque wires; and

a tubular fluid flow guide, which comprises a fabric, and is attached to the

structural stent elements,

wherein the fabric and the one or more radiopaque wires are shaped so as to

together define one or more lateral apertures through the body.

68. The apparatus according to claim 67, wherein the second structural stent elements

comprise a metal selected from the group consisting of: Nitinol, stainless steel, and cobalt

chromium.

69. The apparatus according to claim 67, wherein the one or more radiopaque wires

comprise a metal selected from the group consisting of: tungsten, gold, titanium, and

iridium.

70. The apparatus according to any one of claims 67-69, wherein a collective mass of

the second structural stent elements equals at least 10 times a collective mass of the one or

more radiopaque wires.

71. A method comprising:

providing an endovascular stent-graft, which includes a generally tubular

hourglass-shaped body, which includes (a) a flexible stent member, which includes a

plurality of structural stent elements, and (b) a tubular fluid flow guide, which comprises a

fabric, and is attached to the structural stent elements;

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

while the body is in a radially-compressed delivery configuration; and

thereafter, transitioning the body to a radially-expanded deployment configuration

in the blood vessel, in which configuration the hourglass-shaped body is shaped so as to

define a narrow waist portion longitudinally surrounded by and adjacent to wider first and

second longitudinal portions, and the fabric along the second portion is shaped so as to

define at least first and second lateral apertures.

72. The method according to claim 71, further comprising, after transitioning the body

to the radially-expanded deployment configuration, transvascularly introducing at least

first and second generally tubular branching stent-grafts into vasculature of the subject,

and coupling interface portions of the first and second branching stent-grafts to the first

and the second lateral apertures, respectively.



73. The method according to claim 72, wherein coupling the interface portion of the

first branching stent-graft to the first lateral aperture comprises coupling the interface

portion of the first branching stent-graft to the first lateral aperture such that the interface

portion extends radially inward into a lumen of the main stent-graft by no more than 5

mm.

74. The method according to claim 72, wherein transvascularly introducing the first

branching stent-graft comprises:

introducing a guidewire through one end of the main stent-graft, out of the first

lateral aperture, and into a branching blood vessel that branches from the blood vessel,

while the first branching stent-graft is in a radially-compressed delivery configuration;

and

introducing the first branching stent-graft over the guidewire, through the first

lateral aperture, and into the branching blood vessel.

75. The method according to claim 71, wherein the first and the second lateral

apertures are disposed such that an arc angle around a central longitudinal axis of the

body between respective centers of the first and the second lateral apertures is between

120 and 180 degrees when the body is in the radially-expanded deployment configuration.

76. The method according to claim 71, wherein the narrow waist portion, first

longitudinal portion, and second longitudinal portion, when the hourglass-shaped body is

in the radially-expanded deployment configuration, have waist, first, and second average

diameters, respectively, which waist average diameter equals between 60% and 90% of

the lesser of the first and the second average diameters.

77. The method according to claim 71, wherein, when the hourglass-shaped body is in

the radially-expanded deployment configuration, a smallest diameter of the waist portion

is no more than 90% of the lesser of (a) a greatest diameter of the first longitudinal

portion and (b) a greatest diameter of the second longitudinal portion.

78. The method according to claim 71, wherein, when the hourglass-shaped body is in

the radially-expanded deployment configuration:

the narrow waist portion has coronal and sagittal waist diameters, and an average

waist diameter thereof,

the first longitudinal portion has coronal and sagittal first diameters, and an

average first diameter thereof,



the second longitudinal portion has coronal and sagittal second diameters, and an

average second diameter thereof,

wherein the average waist diameter equals between 60% and 90% of the lesser of

the average first diameter and the average second diameter.

79. The method according to claim 71, wherein one or more of the structural stent

elements are attached to the fabric along at least a portion of the waist portion, and are

shaped so as to define the first and the second lateral apertures, respectively, when the

hourglass-shaped body is in the radially-expanded deployment configuration.

80. A method comprising:

providing an endovascular stent-graft, which includes a generally tubular body,

which includes (a) a flexible stent member, which includes a plurality of structural stent

elements, which include (i) one or more first structural stent elements that include one or

more respective radiopaque wires, and (ii) one or more second structural stent elements

that are less radiopaque than the radiopaque wires, and (b) a tubular fluid flow guide,

which includes a fabric, and is attached to the structural stent elements;

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

while the body is in a radially-compressed delivery configuration; and

thereafter, transitioning the body to a radially-expanded deployment configuration

in the blood vessel, in which configuration the fabric and the one or more radiopaque

wires are shaped so as to together define one or more lateral apertures through the body.

81. The method according to claim 80, wherein the second structural stent elements

comprise a metal selected from the group consisting of: Nitinol, stainless steel, and cobalt

chromium.

82. The method according to claim 80, wherein the one or more radiopaque wires

comprise a metal selected from the group consisting of: tungsten, gold, titanium, and

iridium.

83. The method according to claim 80, wherein a collective mass of the second

structural stent elements equals at least 10 times a collective mass of the one or more

radiopaque wires.
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