Innovation, Sciences et Innovation, Science and
I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(86) Date de dépot PCT/PCT Filing Date: 2013/04/11

(87) Date publication PCT/PCT Publication Date: 2013/10/17
(45) Date de délivrance/lssue Date: 2020/03/24

(85) Entrée phase nationale/National Entry: 2015/03/20

(86) N° demande PCT/PCT Application No.: US 2013/036192

(87) N° publication PCT/PCT Publication No.: 2013/155316
(30) Priorités/Priorities: 2012/04/12 (US61/623,151);

2012/05/14 (US61/646,637), 2012/10/19 (US61/716,315
2012/10/19 (US61/716,292), 2012/10/19 (US61/716,326
2012/10/31 (USB1/720,803

201212114 (USB1/737,411

)
( ); ( )
( ); 2012/10/31 (US61/720,846);
2012/10/31 (US61/720,829); 2012/12/05 (US13/706,158);
( )

(51) CLInt./Int.CI. A67F 2/07 (2013.01)

(72) Inventeur/Inventor:
KELLY, PATRICKW., US

(73) Propriétaire/Owner:
SANFORD HEALTH, US

(74) Agent: MARKS & CLERK

(54) Titre : DEBRANCHEMENT ET ENDOPROTHESE DE VAISSEAU PRINCIPAL, ET PROCEDES D'UTILISATION
(54) Title: DEBRANCHING GREAT VESSEL STENT GRAFT AND METHODS FOR USE

o7

(57) Abrégé/Abstract:

A debranching Great vessel stent graft and methods for its use, where the stent graft comprises, a main body stent graft with a first
bifurcation defining a first leg and a second leg, the main body stent graft has distal and proximal ends, the main body stent graft
has a diameter at the proximal end in the range from about 18 mm to about 28 mm, the first leg and the second leg each have a
diameter in the range from about 12 mm to about 18 mm, the distance from the proximal end of the main body to the distal end of
the first leg is in the range from about 30 mm to about 50 mm, and the distance from the proximal end of the main body to the distal

900

920

end of the second leg is in a range from about 50 mm to about 70 mm.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca

50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

noes < e Canada

CA 2885697 C 2020/03/24

1nen 2 885 697

12 BREVET CANADIEN
CANADIAN PATENT



wo 2013/155316 A1 I 0O 0O A

(43) International Publication Date

CA 02885697 2015-03-20

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/155316 A1l

17 October 2013 (17.10.2013) WIPOIPCT
(51) International Patent Classification: (74) Agent: THOMSON, Kirsten, L.; McDonnell Boehnen
AGIF 2/07 (2013.01) Hulbert & Berghoff LLP, 300 South Wacker Drive, Suite
3100, Chi IL 60606 .
(21) International Application Number: > Chicago, (Us)
PCT/US2013/036192 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: . AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
11 April 2013 (11.04.2013) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
o . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/623,151 12 April 2012 (12.04.2012) Us NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
61/646,637 14 May 2012 (14.05.2012) Us RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
61/716,326 19 October 2012 (19.10.2012) US IM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
61/716,292 19 October 2012 (19.10.2012) Us IM, ZW.
61/716,315 19 October 2012 (19.10.2012) US  (84) Designated States (unless otherwise indicated, for every
61/720,803 31 October 2012 (31.10.2012) uUs kind of regional protection available): ARIPO (BW, GH,
61/720,846 31 October 2012 (31.10.2012) us UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU, TJ.
13/706,158 5 December 2012 (05.12.2012) Us TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
61/737,411 14 December 2012 (14.12.2012) us EE. ES. FL FR. GB. GR. HR. HU. IE. IS. IT. LT. LU. LV,
(72) Inventor; and MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(71) Applicant : KELLY, Patrick, W. [US/US]; 4601 S. Min- TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,

nesota Avenue, Sioux Falls, SD 57105 (US).

ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: DEBRANCHING GREAT VESSEL STENT GRAFT AND METHODS FOR USE

(57) Abstract: A debranching Great vessel stent graft and methods for its

<
R
=5

use, where the stent graft comprises, a main body stent graft with a first bi-
furcation defining a first leg and a second leg, the main body stent gratt has
distal and proximal ends, the main body stent graft has a diameter at the
proximal end in the range from about 18 mm to about 28 mm, the first leg
and the second leg each have a diameter in the range from about 12 mm to
about 18 mm, the distance from the proximal end of the main body to the
distal end of the first leg is in the range from about 30 mm to about 50 mm,
and the distance from the proximal end of the main body to the distal end of
the second leg is in a range from about 50 mm to about 70 mm.
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Debranching Great Vessel Stent Graft and Methods for Use
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of the filing date of U.S. Provisional Patent
Application Serial No. 61/623,151, filed April 12, 2012, U.S. Provisional Patent Application
Serial No. 61/646,637, filed May 14, 2012, U.S. Provisional Patent Application Serial No.
61/716,292, filed October 19, 2012, U.S. Provisional Patent Application Serial No.
61/716,315, filed October 19, 2012, U.S. Provisional Patent Application Serial No.
61/716,326, filed October 19, 2012, U.S. Provisional Patent Application Serial No.
61/720,803, filed October 31, 2012, U.S. Provisional Patent Application Serial No.
61/720,829, filed October 31, 2012, and U.S. Provisional Patent Application Serial No.
61/720,846, filed October 31, 2012, U.S. Non-Provisional Patent Application Serial No.
13/706,158, filed December 5, 2012, and U.S. Provisional Patent Application Serial No.
61/737,411, filed December 14, 2012

BACKGROUND OF THE INVENTION

Aneurysms occur in blood vessels in locations where, due to age, disease or genetic
predisposition, insufficient blood vessel strength or resiliency may cause the blood vessel
wall to weaken and/or lose its shape as blood flows, resulting in a ballooning or stretching of
the blood vessel at the limited strength/resiliency location, thus forming an aneurysmal sac.
Left untreated, the blood vessel wall may continue to expand to the point where the
remaining strength of the blood vessel wall cannot hold and the blood vessel will fail at the
aneurysm location, often with fatal result.

Various implantable medical devices and minimally invasive methods for

implantation of these devices have been developed to deliver these medical devices within

CA 2885697 2019-06-06
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the vascular system. These devices are advanlageously mserted intravascularly, typically
from a delivery catheter. In order to prevent rupture of an aneurysm, a stent grafl may be
introduced into a blood vessel, deployed, and secured in a location within the blood vessel
such that the stent grafl spans the aneurysmal sac. The outer surface of the stent graft, at its
opposed ends, abuts and seals against the intertor wall of the blood vessel at a location where
the blood vessel wall has not suffered a loss of strength or vesificncy. The stent graft
channels the blood flow through the hollow interior of the stent graft, thereby reducing, if not
ehiminating, any stress on the blood vessel wall at the aneurysmal sac location.
in the aorta of a2 human or apiraal paticot, there are a mumber of important branch
vessels which, when treating an ancurysm through deployment of an endovascular graft, muost
not be oocloded. Current stent graft systems utihze fenestrations or perforations within stent
graft walls intended to be aligned with the opening of a given branch veasel, but placement of
the stent graft moust be very exact and operational alignment s often unsuccessful. When
proper fenestration alignment {ails, the wall of the deployed stent graft prevents blood flow to
the branch vessel. In this case, the physician has no endovascular backup option and must
proceed with a significantly more invasive procedure.

Even when the fenestration is properly aligned with the opening of the branch vesscl,

the fenestration may rotate away from the branch vessel To prevent this rotation from

oecurring, a stent graft may be deployed within the branch vessel with one of #ts ends married
te or joined with the fenestration of the previcusly placed stent graft. The techniques to
marry another stent graft to that fenestration are often time consuming, require comphcated
surgical procedures and demand additional vessel or vascular access pomnts. The marryving of

two stent grafts via a fenestration also has the additional problem of an inadequate scal where

the two stent grafls are joined.
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Further, current common ilac ancurysm treatments involve hgation or embohization
of the mternal ihac artery, frequently leading to side effects mchiding, but not limated o,

erect

s

e dysfunction in wnien, decrcased coxercise tolerance, and compromise to pelvic
profusion that may result in bowel tschemia and death.
SUMMARY OF THE INVENTION

Visceral Double-Barreled Main Body Stent Graft and Methods fer Use

in g first aspect, the invention provides a stent grafl comprising, {a) a ma body stent
graft having a distal end and a proximal end, wherein the mam body stent graft has a length
in the range from about 100 rom to about 120 muoy, wherein the main body sient graft has a
diameter at the proximal end in the range from about 30 mm to about 45 mm, (b} a first
lumen defined at the distal end of the main body stent grafl, wherein the first humen has a
diameter in the range from about 18 ram to about 20 mm, (¢} a second lomen defined at the
distal end of the main body stent graft, wherein the second twmen has a diameter in the range
from about 16 mm to about 18 mum, wherein the {irst lumen and the second fumen have about
the same length from about 50 mun to about 70 mo, wherein the first Tumen 18 secured 1o the
second lumen along a shared length, and {d) wherein the mwain body stent graft defines a
tubular wall that is contiguous with the first lumen and the second lumen such that any fluid
entering the main body must exit through one of the first lomen or the second lumen.

{n a second aspect, the fnvention provides a stent graft comprising, (4) a ain body
stent grafl having 2 distal end and a proximal end, wherein the main body stent graft has a
fength in the range from about 100 mum o aboul 120 mm, (b) a first lumen defined about
Smm from the proxumal end of the mam body to the distal end of the mam body, wherein the
firgt lumen has a substantially constant diameter along its length in the range from about 18

mm to about 20 mm, (¢) a second lumen defined about Smm from the proximal end of the

main body to the distal end of the mam body, wherein the second lumen has a substantially

o
]
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constant diameter along its length in the range from about 16 mum to about 18 m, wherein
the first lumen is secured to the second tumen along a shared length.

in a third aspect, the invention provides a mothod for placoment of a stent graft
according to the first or second aspecis of the invenlion, comprising, (3) inlroducing a
guidewire into an aorta via arterial access, (b) loading a delivery catheter containing a stent
graft according to the first or second aspects of the invention onto the guidewire, (¢} moving
the delivery catheter along the guidewire and mtroducing the delivery catheter nto the aorta
via arterial access, and {d) deploying the stent graft into the thoracic aorta.

in a fourth aspeet, the invention provides a method for placement of a stent graft
according to the first or second aspects of the invention, comprising, (8) introducing a
guidewire into an aortic arch via arterial access, (b) loading a delivery catheter containing a
stent graft according to the frst or second aspects of the mvention onto the guidewire,
wherein a distal end of the stent graft is loaded first, (¢} moving the delivery catheter along
the guidewire and introducing the delivery catheter into the aortic arch via arterial access, and
{d) deploying the stent grafl into a proximal descending aorta.

in a fifth aspect, the mvention provides a methed for placement of a stent graft
according to the first or sccond aspects of the invention, comprising, {3} infroducing a
guidewire into an thoracic or abdominal aorta via arterial access, (b) loading a delivery
catheter containing a stent graft according to the fivet or second aspects of the invention onto
the guidewire, (¢) moving the delivery catheter along the guidewire and introducing the

delivery catheter mto the thoracic or abdominal aorta via arterial access, and (d) deploying

&

¢ stent grafl into the thoracic or abdominal aorta.
The doublic-barreled stent graft and methods described with respect to the first

through the fifth aspects of the invention provide numerous benetits, One advantage over

previously known single umen main body stent grafls, the double-barreled stent grafi can
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also be used as a “platform” or “anchor” that enables a surgeon to debranch visceral vessels,
for example, while mamtaining blood flow to the rest of the body without putiing a patient on
bypass, providing a significant improvement over prior devices and technigues. This
anchoring main body stent graft can be vtilized in combination with any embodiment of the
debranching stent grafts and stent graft limbs disclosed herein. In one non-limitmg example,
the double-barreled stent graft can be used for the treatment of any aneurysat of any
anatomical variation or other type of diseased aorta or travmatic injury.

in addition, the double-barreled stent graft may be deployved transapically,
transfemorally, via the right subclavian artery, or via any other accessible artery. When the
double-barreled stent graft is deployed in vivo, aortic flow is compartmentalized
nmediately, which increases surgical options by allowing the surgeon to engage in
mdividual selection of the tumens for placement of additional debranching stent grafis. The
sceond lumen provides a built-in back-up system in case an issue arises with stent placement
in the first lumen, for example. The double-barreled stent graft also minimizes surgical
impact on the patient and leads to reduced complication rates, reduced risk of venal faiture,
bowel ischemia, and heart attack and decreased time for patient stabilization.

Further, the contiguous nature of the walls of the double-barreled stent graft’s main
body with the first and second humens has the additional benefit of proventing extraneocus

e

blood flow into the ancurysm. The walls of the double-barreled stent graft provide a
coraplete circumferential seal and there is no external compromise or compression of the
fumen walls, which prevents bloed flow through the lumens from being affected. Previous
“sandwich,” “snorkel” and “chammey” devices were constructed by simultaneously placing
two or more single lumen stent grafts side by side within the aorta. These previous stent

grafis defined open spaces where the walls of the tumens did not completely abut each other

ot the aortic walls and allowed blood to flow through the open spaces and into the aneurysm.
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These previous devices were further subject to collapse or compression due to external
pressures.

in addition, the cylindrical nature of walls of the double-barreled stent graft provide
more positive fixation with the wall of the aorta than provided by previous devices.
Agrtie Areh Double-Barreled Main Body Stent Graft and Methods for Use

in a sixth aspect, the fnvention provides a stent graft comprising, (2} a main body stent
graft having a distal end and a proximal end, wherein the main body stent graft has a length
mn the range from about 50 mm to about 70 mm, wherem the roain body stent graft has a
diameter at the proximal end in the range from about 46 mm to about 60 mm, (b} a first
fumen defined at the distal end of the main body stent graft, wherein the first lumen has a
diameter in the range from about 18 mm to about 30 mm, (b) a second lumen defined at the
distal end of the mam body stent graft, wherein the second Jumen has a dismeter m the range
from about 18 myo to about 30 rom, (¢) wherein the first lumen is secured to the second
himen along a shared length, wherein the shared length of the first humen and the second
fumen i in the range from about 30 mo to abowut 65 yom, and (d} wherein the mam body stent
graft defines a tubular wall that 1s contiguous with the first humen and the second lumen such
that any fluid entering the main body must exii through one of the first lumen or the second
fumen,

in one embodiment of the sixth aspect of the invention, the frst lumen and the second
humen are defined by a seary starting at the distal end of the main body stent graft and
extending towards the proximal end of the main body stent graft.

In another embodiment, sixth aspect of the invention further comprises a cvlindrical
stent graft strocture coextensive with and disposed on an exterior of the main body stent graft.

in a further embodiment, the sixth aspect of the invention further comprises a stent

valve affixed to the proximal end of the main body stent graft, where a free end of the stent
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valve is covered and a portion of the stent valve extending between the free end and the main
body stent graft 1s uncovered.

in a seventh aspect, the invention provides a method for placement of a stent graft
from the sixth aspect of the invention, comprising, (a} introducing a guidewire info an aorte
via arterial access, (b) loading a dehivery catheter contaming a stent graft according to the
sixth aspect of the invention onto the guidewire, (¢) moving the delivery catheter along the
guidewire and introducing the delivery catheter info the aorta via arterial sccess, and (d)
deploymg the stent graft into the aorta.

in one embodiment, the seventh aspect further comprises (e} Joading a second
delivery catheter containing a debranching stent graft according to the thirteenth agpect of the
mvention onio the guidewire, (1) moving the second delivery catheter along the guidewire
and mtroducing the dehvery catheter into the aorta via arterial access, and {g) deploymg the
debranching stent graft into one of the aorta or a lumen of a previously-placed stent graft,
such as a stert grafl according to the sixth aspect of the invention within the aorta.

n another embodiment, the seventh aspect still further comprises, (h) introducing a
second guidewire into the acrta via arterial access, (1) leading a third dehivery catheter
containing a great vessel limb according o the thirteenth aspect of the mvention onto the
sccond guidewire, (5 moving the third delivery catheter along the sccond guidewire and
miroducing the third delivery catheter into a selected leg of the debranching stent graft via
arterial access, and (K} deploying a proximal end of the great vessel Himb inio the selected log
of the debranching stent graft according to the thirteenth aspect of the invention.

In an eighth aspect, the mvention provides a method for placement of a stent graft
from the sixth aspect of the invention, comprising, {a) introducing a guidewire into an aortic
arch via the femoral artery, (b} loading a delivery catheter containing a stent graft according

to the sixth aspect of the invention onto the guidewire, wherein a distal end of the stent graft



i

&3
[#3 1

[@a1

0

o

CA 02885697 2015-03-20

WO 2013/155316 PCT/US2013/036192

is foaded frst, {¢) moving the delivery catheter along the guidewire and introducing the
delivery catheter inio the aorhic arch via arterial access, and (d) deploving the stent graft mto
a proximal descending aorta.

In a ninth aspect, the invention provides a method for placement of a stent graft from
the sixth aspect of the fnvention, comprising, {a) introducing a guidewire mto an ascending
aorta via arterial access, (b) loading a dehivery catheter containing a stent graft according to
the sixth aspect of the invention onto the guidewire, {¢) moving the delivery catheter along
the guidewire and miroducing the dehivery catheter into the ascending aorta via arterial
access, and () deploying the sient graft into the ascending aorta.

The double-barreled stent graft and miethods described with respect to the sixth
through the ninth aspects of the invention provide numerous benefits. One advantage over
previously known single lumen main body stent graflis, the double-barreled stent grafi can
also be used as a “platform”™ or “anchor” that enables a surgeon to debranch Great vessels, for
example, while maintaining blood tlow to the rest of the body without putting a patient on
bypass, providing a signmificant improvernent over prior devices and techuigues. This
anchoring main body stent graft can be wtilized in combination with any erbodiment of the
debranching stent grafis and/or stent graft limbs disclosed herein. In one non-himiting
example, the double-barreled stent graft can be used for the treatment of any ancurysm of any
anatomical variation or other type of diseased aorta or traumatic injury.

In addition, the double-barreled stent graft may be deploved transapically,
transfemorally, via the right subclavian artery, or via any other accessible artery. Unlike
proviously known stent grafls, the double-barrcled stent graft can be deploved in the
ascending aorta. Further, when the double-barreled stent graft is deployed in vive, acriic
flow is compartmentalized immediately, which increases surgical options by allowing the

gurgeon to engage m mdividual selection of the tumens for placement of additional
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debranching stent grafts. The sccond lumen provides a built-in back-up system in case an
i8sue arises with stent placement in the first lumen, for example. The double-barreled stent
graft also minimizes surgical impact on the patient and leads to reduced complication rates,
reduced risk of renal failure, bowel ischemua, and heart attack and decreased time [or pationt
stabilization.

Further, the contiguous nature of the walls of the double-barreled stent graft’s main
body with the first and second lumens has the additional benefit of preventing extraneous

a1

biood flow into the ancurysm. The walls of the double-barreled stent graft provide a

complete circumferential scal and there is no external compromise or compression of the
fumen walls, which prevents blood flow through the fumens from being atfected. Previous
“sandwich,” “snorkel” and “chimney” devices were constructed by simultancously placing
two or more single humen stent grafis side by side within the aorta. These previous stont
grafts defined open spaces where the walls of the internal hunens did not completely abut
cach other or the aortic walls and aliowed blood to flow through the open spaces and into the
aneurysm. These previous devices were firther subject to collapse or compression due to
external pressures.

in addition, the cylindrical nature of walls of the double-barreled stent graft provide
more positive fixation with the wall of the aorta than provided by previous devices.
Bebranching Visceral Stent Graft and Methods for Use

In a tenth aspect, the invention provides a debranching stent graft comprising, (a) a
main body stent graft with a bifurcation defining a first leg and a second leg, wherem the
main body stent graft has a distal end and a proximal end, {b) wheren the main body stent
graft has a diameter at the proximal end in the range from about I8 mam to about 22 mm, (¢}
wherein the first feg and the second leg cach have a diameter in the range from about 14 mm

to about 16 rom, {d) wherem the distance from the proximal end of the main body to the
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distal end of the {irst leg is in the range from: about 70 wumn to about 80 mm, {¢) and wherein
the distance from the proximal end of the roam body to the distal end of the second leg s m
the range from about 80 nmum to about 100 mam, and wherein the second log is at least about 10
mm longer than the first leg.

in one embodiment of the tenth aspect of the invention, the second leg is no more than
about 20 rom longer than the first leg. In another embodiment of the tenth aspect of the
mvention, the bifurcation occurs i the range from about 30 mm to about 40 mm from the
proximal end.

In one embodiment, the tenth aspect of the invention further comprises a first visceral
fimb joined with one of the first leg or the sccond leg at the distal end of the main body stent
graft. In a further embodiment, the first visceral imb has a bifurcation defining a third leg
and a fourth leg.

in still another embodiment, the tenth aspect of the invention further comprises a
sccond visceral limb attached to the other of the {irst leg or the second leg.

in an eleventh aspect, the mvention provides a debranching stent graft comprising, (a)
a main body stent graft with a bifurcation defining a first leg and a second leg, wherein the
main body stent graft has a distal end and a proximal end, (b} wherein the main body stent

F N

graft has a dismeter at the proximal end in the range from about 28 mm to about 36 mu, (¢}
wherein the first leg and the second leg each have a diameter of about 14 mm, (d) wheremn the
distance from the proximal end of the main body w0 the distal end of the first log is about 70
i, {2) and wherein the distance from the proximal end of the main body to the distal end of
the sccond leg is about 80 mm.

in one embodiment, the cleventh aspect further comprises a visceral imb attached to

the first leg at the distal end of the main body stent graft, wherein the first visceral limb has a

bifurcation defining a third leg and a fourth leg, wherein the bifureation oceurs immediaiely

10
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at the proximal end of the first visceral limb, wherein the first visceral limmb has 2 length of
about 30 mum, and wherein each of the third leg and the fourth leg have a diameter of about 7
Wi,

In one embodiment, the eleventh aspect futher comprises, a visceral extension joined

[@a1

with the second leg, wherein the visceral extension has a proximal end and a distal end,
wherein the visceral extension comprises a tubular main leg with a bifurcation defining a first
extension feg and a second exiension leg, wherein the first extension leg has a distal diameter
of about 7 mam and the second extension leg has a distal diameter of about 16 mm, and
wherein the visceral extension has a diameter of about 15 mm at the proximal end and a
10 diameter of about 20 mm at the bifurcation, wherein the visceral extension has a fength of
about 93 mm.

i a twelfth aspect, the mvention provides a method for placement of a debranching
stent graft according to the tenth or eleventh aspect of the invention, comprising (a)

mtroducing a guidewire inte an aorta via arterial access, (b) loading a delivery catheter

10

&3
[#3 1

5 contaming a debranching stent graft according to the tenth or cleventh aspect of the invention
onto the guidewire, (¢} moving the delivery catheter along the guidewire and introducing the
delivery catheter into the aorta via arterial access, (d) and deploying the debranching stent
graft into one of the aorta or a fumen of a previcusty-placed stent grafi, such as a stent graft
according to the first or second aspects of the mvention within the aorta.

20 In one embodiment, the twelfth aspect further comprises, (e} introducing a second

guidewire into the aorta via arterial access, (1) leading a second dehvery catheter containing a

visceral Hmb stent graft according to the tenth or eloventh aspect of the fnvention onto the

sccond guidewire, (g) moving the second delivery catheter along the second guidewire and
introducing the second defivery catheter into a selected leg of the debranching stent graft

according to the tenth or eleventh aspect of the mvention via arterial access, and (h)

i1
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deploying a proximal end of the visceral limb stent grafl into the selected leg of the
debranching stent graft according {o the tenth or eleventh aspect of the mvention.

in another embodiment, the twelfth aspect further comprises, () introducing a third
guidewire into the aorta via arterial access and into a selected fumen of the debranching stent
graft according to the tenth or eleventh aspect of the inventiorn, (§) loading a third delivery
catheter containing a visceral extension stent grafl according to the fenth or cleventh aspect of
the invention onto the third guidewire, (k) moving the third delivery catheter along the third
guidewire and introducing the third delivery catheter into the selected fumen of the
debranching stent graft via arterial access, and () deploying a proximal end of the visceral
extension stent graft into the selected turnen of the debranching stent graft, while the distal
end extends into a native vessel

The debranching stent graft and methods described with respect to the tenth through
the twelfth aspects of the invention provide numerous benefits. For example, the
debranching stent graft can be used in combination with any embodiment of the double-
barreled stent graft or stent grafi limb disclosed herein, or other mam body anchoring stent
graft, for treatment of any aneurysia of any anatornical variation or other type of discased

aorta or traumatic injury. The debranching stent graft also beneficially adds another level of

debranching, from one level to two, via the first and second legs. In addition, a further fevel
of debranching, from two levels to four, can be obiained depending on the visceral Hmb(s)
sclected for use in certain embodiments. Furthey, the modular nature of the visceral imbs, in
some embodiments, provides versatility for stent selection and provides built-in back-up
systoms so the surgeon can diverge fom the planned treatment plan. These capabilitics
ensure that blood flow to end organs is maintained during the eotire procedure,

Further, the debranching stent graft alows for a top-down debranching approach,

which can be advantageous depending on the desired vessel location for placement of the
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stent-grafl. One non-limiting example 1 to use an arm approach when stenting the visceral
artertes. The arm approach provides an optimal angle of attack, whether there is a normal or
tortuous path to reach the vessel, to extend a guidewire through a leg of the debranching stent
graft and into the visceral arteries in order 1o place an extension stent grafl from the top-
down. This approach moves the stent graft and goidewire with the natural direction of blood
flow ensuring natural laminar flow,
Bebranching Great Vessel Stent Graft and Methods for Use

in a thirteenth aspect, the invention provides a debranching stent graft comprising, (8)
a main body stent graft with a first bifurcation defining a first leg and a second leg, wherein
the main body stent graft has a distal end and a proximal end, wherein the main body stent
graft has a diameter at the proximal end in the range from about 18 mm to about 28 num, (b)
wherein the first leg and the second leg each have a diameter m the range from about 12 m
to about 18 mm, {¢) wherein the distance from the proximal end of the main body to the distal
enidd of the first leg is in the range from about 30 mum {0 about 50 mm, and (d) wherein the
distance froro the proximal end of the mam body to the distal end of the second legisma

o
!

rgnge from about 50 rom to about 70 mum,

In one embodiment of the thirteenth aspect of the invention, the first bifurcation
poours in the range from about 20 mm to about 45 mm from the proximal end.

In another embodiment, the thirteenth aspect of the invention further comprises a first
areat vessel limb joined with one of the first leg or the second leg at the distal end of the main
body stent grafi. In a further embodiment, the first great vessel Hmb has a bifurcation
defining a third leg and a fourth leg.

in still another embodiment, the thirtecoth aspect of the invention further compriscs a
second visceral limb attached to the other of the first leg or the second leg.

in a further embodiment, the second visceral imb comprises an extension stent graft,

13
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in a fourteenth aspect, the invention provides a method for placement of a
debranching stent graft according 1o the thirteenth aspect of the invention, comprising (a}
troducing a goidewire into an aorta via arterial access, (b} loading a delivery catheter
containing a debranching stent grafl according to the thirteenth aspect of the invention onto
the guidewire, (¢} moving the delivery catheter along the guidewire and introducing the
delivery catheter into the aorta via arterial access, and (d) deploying the debranching stent
graft into one of the acrta or a lumen of a previcusiy -placed stent graft, such as a stent grafi
according to the sixth aspect of the invention within the aorta.

in one embodiment, the fourteenth aspect further comprises, (2} infroducing a second
guidewire into the aorta via arterial access, {f) loading a sccond delivery catheter containing a
great vessel limb according to the thirteenth aspect of the invention onto the second
guidewire, (g) moving the sccond debvery catheter along the second guidewire and
mitroducing the second delivery catheter into a selected leg of the debranching stent graft via
arterial access, and (h) deploying a proximal end of the great vessel Hmb into the selected leg
of the debranching stent graft.

In one embodiment, the fourteenth aspect still further comprises, (1) introducing a

third guidewire into the aorta via arterial access and into a sciected lumen of the debranching

stent grafl, (1} loading a third delivery catheter containing an extension stent graft according
to the thirteenth aspect of the invention onto the third guidewire, (k) moving the third
detivery catheter along the third guidewire and tntroducing the third delivery catheter into the
selected lumen of the debranching stent graft via arterial access, and (I} deploying a proximal
end of the extension stent grafl into the sclected Tumen of the debranching stent graft, whale
the distal end of the extension stent graft extends into a vessel

in a fifteenth aspect, the invention provides a method for placement of a debranching

stent grafl according to the thirteenth aspect of the fnvention, corprising (a} introducing a

14
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guidewire into an aortic arch via arterial access, (b) loading a delivery catheter containing a

debranching stent graft according to the thirteenth aspect of the mvention onto the guidewire,

a

{¢} moving the delivery catheter along the guidewire and introducing the delivery catheter
o the aortic arch via arterial access, and {d} deploying the debranching stent graft into one
of the proximal descending aorta or a lumen of a previously-placed stent grafl, such as a ster
graft according o the sixth aspect of the fnvention within the proximal descending aorta.

in a sixteenth aspect, the invention provides a method for placement of a debranching
stent graft according to the thirteenth aspect of the invention, comprising (&) introducing a
guidewire into an ascending aorta viz arterial access, (b} loading a delivery catheter
containing a debranching stent graft according to the thirtcenth aspect of the invention onto
the guidewire, (¢} moving the delivery catheter along the guidewire and introducing the
fehvery catheter into the ascending aorta via arterial access, and (d) deploying the
debranching stent graft into one of the ascending acrta or a lumen of a previcusly-placed
stertt grafl, such as a stent graft according to the sixth aspect of the invention within the
ascending aorta.

in one embodiment, the sixteenth aspect further comprises, (e} mfroducing a second
guidewire info the ascending aorta via arterial access and into a selecied leg of the

~

debranching stent graft according to the thirteenth aspect of the invention, (f} loading a
second delivery catheter containing a great vesael imb according o the thirteenth aspect of
the invention onto the second guidewire, () moving the second delivery catheter along the
second guidewire and introducing the second delivery cathater mto the selected leg of the
debranching stent graft via arterial access, and (h) deploving a proximal end of the great

vessel imb according to the thirteenth aspect of the invention wnto the selected leg of the

debranching stent graft.

15
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In one embodiment, the sixteenth aspect still further comprises, (3) ntroducing a third
auidewire into the ascending aorta via arterial access and into a selected leg of the

debranching stent graft, () loading s third delivery catheter containing an extension stent

graft according to the thirteenth aspect of the invention onto the third gmdewire, (k) moving

[@a1

the third delivery catheter along the thivd guidewire and wniroducing the third delivery
catheter into the selected leg of the debranching stent graft via arterial access, and ()
deploying a proximal end of the extension stent grafl into the selected leg of the debranching
stent graft, while the distal end of the extension stent graft extends into a great vessel.
The debranching stent graft and methods described with respeet o the thirteenth
10 through the sixteenth aspects of the invention provide numerous benefits. For example, the
debranching stent graft can be used in combination with any embodiment of the double-
barreled stent graft or stent graft himb disclosed herein, or other main body anchoring stent
graft, for treatment of any ancurysm of any anatomical variation or other type of diseased
aorta or traumatic injory. The debranching stent grafl also beneficially adds another level of
15 debranching, from one level to two, via the {irst and second legs. In addition, a further level
of debranching, from two levels to four, can be obtained depending on the Great vessel
fimb{s} selected for use in certain embodiments. Further, the modular nature of the Great
vessel Himbs, in some embodiments, provides versatitity for stent selection and provides built-
m back-up systerns so the surgeon can diverge from the planned treatroent plan. These
20 capabilitics ensure that blood flow 1o end organs is maintained during the entive procedure.
Bebranching Stent Graft Limb and Methods for Use
In a seventeenth aspect, the invention provides a debranching stent graft Hob
comprising, (a) a nain body stent graft Hmb with a bifurcation defining a first leg and a

second leg, wherein the main body stent graft lirab has a distal end and a proximal end, (b)

&3
[#3 1

wherein the main body stent graft hmb has a diameter at the proximal end in the range from
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aboul 14 mm to about 18 mum, (¢} wherein the {irst leg has a diameter ranging {rom about 8
mm to about 12 mm, (d) wheren the second leg has a diameter ranging from about 6 ram to

about 1 num, and {¢) wherein the distance from the proximal end of the main body to the

distal end of the first leg and the second leg is in the range [rom about 70 mum to about 90

5  mwm, and wherein the diameter of the fivet leg is about 2 mm greater than the diameter of the
second leg.
in one embodiment, the seventeenth aspect further comprises (1) a first limb expanded
within the first leg and coupled to the first leg via passive fixation and {g} a second hmb
expanded within the second leg and coupled to the second leg via passive fixation,
10 in an eighteenth aspect, the invention provides a method for placement of a

debranching stent graft b according to the seventeenth aspeet of the invention, comprising,
{a) ntroducing a guidewire into the appropriately sized branched arterial configuration via
arterial access, (b) loading a delivery catheter containing a debranching stent graft Wb

according to the seventeenth aspect of the invention onto the guidewire, {¢) moving the

10

&3
[#3 1

5 debvery catheter along the guidewire and introducing the delivery catheter into the
appropriately sized branched arterial configuration via the arterial access, and {d) deploying
the debranching stent graft Bmb o the appropriately sized branched arterial configuration
and/or a fumen of a previously-placed stent graft, sach as a stent graft according to the tenth,
eleventh or thirteenth aspect of the invention

20 In one embodiment, the cighteenth aspect of the invention further comprises {e)

ivading a second delivery catheter contaiing a first limb according to the seventeenth aspect

of the mvention onto a proximal end of the gmdewire, () moving the second delivery
catheter along the guidewire and introducing the second delivery catheter into the first feg of

the debranching stent graft limb via arterial access, and (g} deploying a proximal end of the

first Hmb the first leg of the debranching stent graft imb.
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In another embodiment, the eighteenth aspect of the invention still further comprises
{h) introducing a second guidewire mto the appropriately sized branched arterial
configuration through the sccond leg of a debranching sient limb according to the seventcenth
aspect of the invention via arterial access, (3} loading a third delivery catheier containing a
second hmb according to the seventeenth aspect of the invention onto the second guidewire,
{1) moving the third delivery catheter along the second guidewire and introducing the third
delivery catheter into the second leg of the debranching stent graft imb via arterial access,
and (k) deploying a proxamal end of the second limb into the second leg of the debranching
stent graft Huob in the appropriately sized branched arterial configuration.

in a nincteenth aspect, the invention provides a method for placement of 8
debranching stent graft b according to the seventeenth aspeet of the invention, comprising,
{a}) mtroducing a guidewire into a common iliac artery via arterial access, (b) loadmg a
delivery catheter containing a debranching stent grafl fomb according to the seventeenth
aspect of the invention onto the guidewire, {¢) moving the delivery catheter along the
auidewire and introducing the delivery catheter nto the common iliae artery via arterial
access, and (d) deploving the debranching stent graft mb 1nto the common diac artery and/or
a lomen of a previously-placed stent graft, such as a stent graft according to the tonth,
eleventh or thirteenth aspect of the invention.

The debranching stent graft Hmb and methods desceribed with respect to the
seventeenth through the nineteenth aspects of the invention provide numerous benefits, For
example, the debranching stent graft imb, deployed n combination with an embodiment of
the debranching stent grafl, can be used for the treatment of any ancurysm of any anatomical
variation ot other type of discased artery or traumatic injury. The debranching stent graft

fimb also beneficially adds another level of debranching via the fivst and second legs. This

18
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provides a built-in back-up system so the surgeon can diverge fom the planmed treatment
plan m during a debranching procedure.

The debranching stent graft Hmb has the additional advantage of allowing for revision
procedures. For example, if a patient with a previous aoriic ancurysm repair, such asa
standard infra-renal stent, has a new aneurysm form in the common thac, the treatroernt under
previous technigues would require embolization of the internal iliac. This is because
previous up-and-over technigues would be blocked by previcusly placed stents. In this
scenario, however, a top-down arm approach can be used to place debranching stent graft
hmb and then to place extension stenf grafis info the external and internal iliac arteries.
Combination Bouble-Barreled and Debranching Stent Grafts and Methods for Use

In a twentieth aspect, the invention provides a stent graft comprising, (a) a main body
stent graft defining a smgle lomen and having a distal end and a proximal end, (b) a first
bifurcation in the range from about 20 num to ahout 30 yom from the proximal end of the
main body defining a first lumen and a second fumen, wherein the main body stent graft
defines a tubular wall that is contiguous with the first lumen and the second lumen such that
any fluid entering the main body stent graft must exit by entering one of the first lumen or the
second lumen, wherein the main body stent graft has a diameter at the proximal end in the
range from about 40 mm to abouat 60 mm, wherein the first lumen and the sccond lumen each
have a diameter in the range from about 18 mm to about 30 rom, wheremn the length from the
proximal end of the main body stent graft to the distal end of the second fomen is in the range
from about 70 mm 1o about 90 mm, (¢} a second bifurcation within the second lumen about
30 num from the distal end of the second lumen defining a first leg and a sccond leg, wherein
the first log and the sccond leg cach have a diameter in the range from about 14 mm to about
16 mim, and (d) a third bifurcation within the second leg about 20 mm to 30 mm distal from

the second bifurcation definang a third leg and a fourth feg, wherein the third leg and the
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fourth leg each have a diameter in the range from about 7 rum to about 12 mmy, wherein the
third and fourth leg each have a length m the range from about 20 ram to about 30 numn.

in one embodiment of the twenticth aspect, the first lumen is secured to the second

lumen along a shared length of about 30 mm.

[@a1

in another embodiment of the twentieth aspect, the first lumen and the second himen
each retain a substantially cylindrical profile.
in a twenty-first aspect, the mvention provides a stent graft comprising, {8} a main
body stent graft defining a single lumen and having a distal end and a proximal end, (b) a first
hifurcation m the range from about 20 rom to about 30 mm from the proximal end of the
10 wain body defining a first fumen and a second humen, wherein the main body stent graft has a
diameter at the proximal end in the range from about 40 mum 10 about 60 mm, wherein the
first fumen has a diameter in the range from about 20 wm to about 30 mm at the first
bifurcation and has a diaracter i the tange front about 20 num o 40 mn at the distal end of
the first lumen, wherein the first lumen has a length of about 50 mm to about 156 mm from
15 the first bifurcation to the distal end of the fivst lumen, wherein the second lumen has a
diameter n the range from about 20 mam to about 30 nuw at the first bifurcation, (¢} a second
bifurcation within the second lumen about 30 mun from the distal end of the second fumen
defining a first leg and a sccond leg, wherein the first leg and the second leg cach have a
digmeter in the range from about 14 num to about 16 rom, wherein the length from the
23 proximal end of the main body stent graft to the distal end of the second fumen’s second feg
is i the range from aboul 50 mm to about 70 mim, and (d) a third bifurcation within the first
leg that defines a third leg and a fourth leg, wherein the third leg and the fowrth leg cach have
a diameter from about 7 nmum to about 12 mm, wherein the third and fourth leg each have a

fength in the range from about 20 mm to about 30 mm.
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In one embodiment of the twenty-first aspect, the first lumen 18 secured to the second
fumen along 4 shared length from the first bifurcation {o the third bafurcation.

in a twenty-second aspect, the mvention provides a method for placement of a stent
graft according to one of the twentieth or twenty-first aspects of the invention, comprising,
{a) introducing g guidewire nto an thoracic aort via arterial access, (b} loading a delivery
catheter containing a stent grafl according to one of the tweuntieth or twenty-first aspecis of
the invention onto the guidewire, (¢ moving the delivery catheter along the guidewire and
mtroducing the delivery catheter into the thoracic aorta via arterial access, and (d) deploying
the stent grafl into the thoracic aorta.

in a twenty-third aspect, the invention provides a method for placement of a stent
sraft according to one of the twentieth or twenty-first aspects of the mvention, comprising,
{a} miroducing a guidewire nto an aoria via arterial access, (b} loading a debvery catheter

containing a stent graft according to one of the twentieth or twenty-first aspects of the

mvention onto the guidewire, (¢) moving the delivery catheter along the guidewire and
introducing the delivery catheter into the aorta via arterial access, and (d} deploving the stent
graft into the aorta,

In a twenty-fourth aspect, the invention provides a method for placement of a stent
graft according to one of the twentieth or twenty-first aspects of the invention, comprising,

(a) mitroducing a guidewire nto an ascending aorta via arterial access, (b loading a delivery
catheter containing a stent graft according to one of the twentieth or twenty-first aspecis of
the mvention onto the guidewire, (¢} moving the delivery catheter along the guidewire and
mtroducing the delivery catheter fnto the ascending aorta via arterial access, and {d)
deploving the stont graft into the ascending aorta.

The stent grafl and methods described with respect to the twenticth through the

twenty-fourth aspecis of the invention provide numerous benefits. One advantage over
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previously known single lumen main body stent grafts, the double-barreled stent graft can
also be used as a “platform” or “anchor” that enables a surgeon to debranch Great vessels, for
¢xample, while maintaining blood flow to the rest of the body without putting a patient on
bypass. This anchoring main body stent grafl can be wtilized in combination with any
embodiment of the debranching stent grafis and/or stent graft hmbs disclosed herein. In one
non-lmiting example, the double-barrcled stent graft can be used for the treatment of any
ancurysm of any anatomical variation or other type of diseased aorta ot trauradic jury.

Further, the double-barreled stent graft may be deployed transapically, transfemorally,
via the right subelavian artery, or via any other accessible artery. Unlike previously known
stent grafts, the double-barreled stent graft can be deployed in the ascending aorta. When the
double-barreled stent graft is deployed in vive, aortic flow is compartmentalized
mmediately, which increases surgical options by allowing the surgeon to engage m
mdividual sefection of the Tumens for placement of additional debranching stent grafis. The
sccond lumen provides a built-in back-up systent in case an issue arises with stent placement
in the first lumen, for example. The double-barreled stent graft also minimizes surgical
iapact on the patient and leads to reduced comphication rates, reduced risk of renal failure,
bowel ischemia, and heart attack and decreased timne for patient stabilization,

in addition, the contigoous nature of the walls of the double-barreled stent graft’s
maint body with the tirst and second lumens has the additional benefit of preventing
extrancous blood flow into the aneurysm. The walls of the double-barreled stent grafi
provide a complete circumferential scal and there s no external compromise or compression
of the lumen walls, which prevents blood flow through the Tumens from being affected
Previcus “sandwich,” “snorkel” and “chimney” devices were constructed by simultancously
placing two or more single lamen stent grafis side by side within the aorta, These provious

gtent grafls defined open spaces where the walls of the mtemnal Twmens did not completely
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abut each other or the aortic walls and allowed blood to flow through the open spaces and
into the aneurysm. These previous devices were further subject to collapse or compression
due to external pressures.

In accordance with an aspect of an embodiment, there is provided a debranching stent
graft comprising: a main body stent graft with a first bifurcation defining a first leg and a
second leg, wherein the main body stent graft has a distal end and a proximal end; wherein
the main body stent graft has a diameter at the proximal end in the range from about 18 mm
to about 28 mm; wherein the first leg and the second leg each have a diameter in the range
from about 12 mm to about 18 mm; wherein the distance from the proximal end of the main
body to a distal end of the first leg is in the range from about 30 mm to about 50 mm; and
wherein the distance from the proximal end of the main body to a distal end of the second leg
is in a range from about 50 mm to about 70 mm; and a first great vessel limb joined with one
of the first leg or the second leg in a unitary configuration; wherein the first great vessel limb
has a bifurcation defining a third leg and a fourth leg.

In addition, the cylindrical nature of walls of the double-barreled stent graft provide

more positive fixation with the wall of the aorta than provided by previous devices.

23
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is an isometric view illustrating the dimensions of one embodiment of a
double-barreled stent graft according to the first aspect of the invention.

Figure 1B is an isometric view of one embodiment of a double-barreled stent graft
according to the first aspect of the invention.

Figure 2A is an isometric view illustrating the dimensions of one embodiment of a
double-barreled stent graft according to the second aspect of the invention.

Figure 2B is an isometric view of one embodiment of a double-barreled stent graft
according to the second aspect of the invention.

Figure 3 is a cross-sectional view of a thoracic abdominal aortic aneurysm with an
isometric view of one embodiment of a double-barreled stent graft, a debranching visceral
stent graft and multiple stent graft extenders after deployment during a debranching
procedure.

Figure 4A is an isometric view illustrating the dimensions of one embodiment of a
double-barreled stent graft according to the sixth aspect of the invention.

Figure 4B is an isometric view of one embodiment of a double-barreled stent graft
according to the sixth aspect of the invention.

Figure 5A is an isometric view of one embodiment of a double-barreled stent graft
according to the sixth aspect of the invention with a cylindrical stent graft structure disposed

on an exterior of the main body stent graft.

23a
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Figure 5B is an isometric view of one embodiment of a double-barreled stent graft
according 1o the sixth aspect of the invention with a cylindrical stent graft structure disposed
on an ¢xterior of the main body stent gratt and a stent valve attached to the proximal end of
the miain body stent gralt.

Figure 6 18 a cross-sectional view of the ascending aorta and the proximal descending
aorta with an isometric view of one embodiment of a double-barreled stent graft including a
stent valve, a debranching visceral stent graft and multiple stent grait extenders after
deployment during a debranching procedure.

Figure 7A is an isomceiric view thustrating the dimensions of one embodiment of a
debranching visceral stent graft according to the tenth aspect of the invention as well as
example modular visceral hmbs coupled with passive fixation, for example.

Figure 71 15 an 1sometric view of one embodiment of a debranching visceral stent
graft according fo the tenth aspect of the invention as well as example modular visceral limbs
coupled with passive fixation, for example.

Figure 84 is an isometric view iltustrating the dimensions of one embodiment of a
debranching visceral stent graft according to the tenth aspect of the fnvention with viscersl
fimbs in a unitary configuration,

Figure 88 ix an isometric view of one embodiment of a debranching visceral stent
graft according to the tenth aspect of the invention with visceral htbs in 8 unitary
configuration,

Figure 9A is an isometric view ilfustrating the dimensions of one embodiment of a
debranching visceral stent graft according to the tenth aspect of the invention with a visceral

himb in a wnitary configoration.
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Figure 9B s an isometric view of one embodiment of a debranching visceral stent
arafl according to the tenth aspect of the mvention with a visceral limb n a unitary
configuration.

Figure 10A 1s an isometric view illustrating the dimensions of one embodiment of a
debranching visceral stent graft according to the eleventh aspect of the invention with a
visceral Hob joined to the first leg in a unitary configuration and a visceral extension
deployed within the second leg.

Figure 108 1s an isometric view of one embodiment of a debranching visceral stent
graft according to the cleventh aspect of the invention with a visceral Bmb joined to the first
feg in a unitary configuration and a visceral extension deployed within the second leg,

Figure 11A 18 an isometric view illustrating the dimensions of one embodiment of a
debranching Great vessel stent gratt according to the thirtcenth aspect of the invention with a
Great vessel limb joined 1o the first leg i a unitary configuration.

Figure 11B is an isomeiric view of one embodiment of a debranching Great vessel
stent graft according to the thirteenth aspect of the invention with a Great vessel Hmb joined
to the first leg n a unitary configuration,

Figure 12A is an isometric view illustrating the dimensions of one emnbodiment of a
debranching Great vessel stent gratt according to the thirteenth aspect of the invention with a
Great vessel imb joined to the first feg in a unitary configuration.

Figure 12B is an isoroeiric view oneg embodiment of a debranching Great vessel stent
grafl according to the thirteenth aspect of the mvention with a Great vessel lirab jomed to the
first leg in a unitary configuration.

Figure 13A is an isometric view tlustrating the dimensions of one embodiment of ¢

jreat vessel Himb according to the thirteenth aspect of the invention with a Great vessel limb

for deployment and passive {xation in a debranching Great vessel stent grafi.
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Figure 13B is an isometric view of one embodivent of a Great vessel Hmb according
to the thirteenth aspect of the imvention with a Great vessel hmb for deployment and passive
fixation in a debranching Great vessel stent graft.

Figure 14A 1s an isometric view illustrating the dimensions of one embodiment of a
debranching stent graft Himb according to the seventeenth aspect of the mvention.

Figure 148 is an isomeiric view of one embodiment of a debranching stent graft hmb
according to the seventeenth aspect of the invention.

Figure 15A is a cross-sectional view of the abdominal aorta with an isometnic view of
one embodiment of a debranching stenwt graft imb according to the seventcenth aspect of the
invention after deployment during a debranching procedure.

Figure 15B is a detail view of a cross-section of the aneurysmal sac with an isometric
view of one embodiment of a debranching stent graft mb according to the seventeenth
aspect of the invention after deployment during a debranching procedure.

Figure 16A is an isometric view illustrating the dimensions of one embodiment of a
double-barreled and main body stent graft according to the twentieth aspect of the invention.

Figure 168 15 an isometric view of one embodiment of a double-barreled and main
body stent graft according to the twentieth aspect of the invention.

Figure 17A 1s an isometric view ilustrating the dimensions of one embodiment of a
double-barreled and main body stent graft according to the twenty-first aspect of the
mvention.

Figure 178 1s anisometric view of one embaodiment of a double-barreled and main
body stent graft according to the twenty-first aspect of the invention.

Figure 18 1s a cross-sectional view of the ascending aorta and the proximal

descending aorta with an isometric view of one embodiment of double-barreled and main
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body stent grafl including a stent valve according to the twenty-{irst aspect of the invention
and multiple stent graft extenders after deployment during a debranching procedure.
DETAILED DESCRIPTION

The present disclosure provides for stent grafis and methods for an anchoring main
body stent and/or bridging a defect in a main vessel near one or more branch vessels, for
example at or in the vicinity of a bifurcation in the arterial system of a patient.

As used herein, “endo-debranching” is an endovascular surgical technique that refers
to placing stent grafts in series to exclude (repair) diseased aorta and to place stent grafls into
the branch vessels connected with the aneurysmal sac and/or other vessels, thus allowing
exclusion (repairy of the discased aorta while maintaining blood flow.

2%

As used herein, “branch vessel” refers 1o a vessel that branches off from a main
vessel. The “branch vessels” of the thoracic and abdominal aorta include the mnorinate, left
common carotid, left subclavian, celiac, superior mesenteric arteries, renal(s), and all other
minor branches. This does not hmii the division of the aorta into the iliac arteries. As
another example, the hypogastric artery is a branch vessel to the comrmon thae, which s a
main vessel in thas context. Thus, it should be seen that “branch vessel” and “main vessel”
are relative terms.

Asused herein, “Great vessels” includes the right innominate, the feft common
carotid, and the left subclavian arteries.

As used herein, “discased aorta” refers to any diseased portion of the aoria extending
from and including the aortic outtlow tract to the femoral arteries.

As used herein, “passive fixation” refors to fnichion, mteraction between the cloth of
the grafts, radial strength of the stent and blood pressure that holds the component stent grafts
together at the sitc of overlap.

As used herein, an “anchoring main body stent graft” refers to the first stent placed
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during a debranching procedure, where that first stent grafl is in direct contact with & non-
diseased portion of the arterial vessel wall.

As used herein, with respect to measurements, “about” means +/- 5 %,

Asused herein, with respect to cylindrical configurations or profiles and constant
lumen diameters, “substantially” means being largely but, in some instances, not wholly that
which 18 specified. In other words, humens and cylinders may not be perfectly round.

As used herein, a “fenestration” refers to perforations within stent graft walls intended
to be aligned with the opening of a given branch vessel.

As used herein, a “stent grafl” is a tubular, radially-expandable device comprising a
fluid-tight fabric supported by a stent, and is used to bridge diseased arteries. Such stent
grafts and methods for their deployment and use are known to those of skill in the art. For
example, vascular sheaths can be miroduced mto the paticnt's arteries, through which itoms
mchiding but not himited to, guidewires, catheters and, eventually, the stent graft, is passed.

As vsed herein, “stent” is typically a cylindrical frame and means any device or
structure that adds rigidity, expansion foree, or support to a prosthesis, while “stent graft”
refers to a prosthesis comprising a stent and a grall material associated therewtith that forms a
fluid-tight hamen through at icast a portion of 1is fength. A “grail”™ is a cylindrical lincr that
may be disposed on the stent’s interior, exterior or both. A wide variety of attachment

mechanisms are available 1o join the stent and graft together, inchuiding but not Hmited to,
sutures, adhesive bonding, heat welding, and vhirasonic welding.

The stent can be made of any soitable material, including but not hmited to
biocompatible metals, implantable quality stainless stecl wires, ruckel and titanium alloys,
and biocompatible plastics attached to a grafl.  Any suitable fluid tight graft material can be
used. In g preferred embodiment, the graft material is a biocompatible fabric, including but

not Bmited to woven or knitted polyester, such as poly{ethylene terephthalate), polylactide,

28
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polyglycohde and copolymers thereof; fluorinated polymers, such as PTFE, expanded PTFE
and poly{vinyhidene fluonde); polysiloxanes, meluding polydimethyl! siloxane; and
polyurethanes, including polyctherarcthancs, polyurethane ureas, polyctherurethane ureas,
polyurethanes containing carbonate linkages and polyurethanes containing siloxane
segments. Materials that are not inherently biocompatible may be subjected 1o surface
modifications in order to render the materials bincompatible. Examples of surface
modifications include grafl polymerization of biccompatible polymers from the roaterial
surface, coating of the surface with a crosshinked biscompatible polymer, chenvcal
modification with biocompatible functional groups, and immobilization of a compatibilizing
agent such as heparin or other substances, The graft material may also include extraceliular
matrix materials.

The covered stent grafts can be made of any suitable material, including but not
himited topolyteirafluorncthylene (ePTHE) lined nickel-titanium alloy stent. The stent grafts
are preferably covered and flexible. The stent grafis may contain any other suitable
components, such as surface modifications including but not limited to covalent attachment
of heparin,

The stent grafl components can be variously sized (i.¢.: longth, diameter, ¢te.} as
suitable for an intended use, and are preferably larger in diameter than the inner vessel
diameter to be treated. For example, aortic components can be oversized by approximately

Vo.

18-20%; Hmb components can be oversized by approximately 25
The stent grafts of the present invention may contain any further suitable components,

mchiding but not Hmited to radiopague markers to aid in visualization and to {acilitate

accurate placement of the stent graft. These radiopague markers may take the form of gold

bands at the distal end of cach individual lomen of a given stent graft or a directional marker,

for example mn the shape of an “5” or any other suitable form for indicating divection and

29
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orientation of the stent grafl. In addition, bi-directional anchoring hooks formed as part of
the two most proxamal individual stents of a given stent graft may be utilized to gaim sohd
purchase in the non-discased portion of a vessel wall. Further, a fixation stent may be used at
the proximal end of a main body stent graft that allows for vadial force {ixation within the
vessel in conjunction with bidirectional hooks,
Double-Barreled Stent Grafis

The double-barreled stent graft can be used for the freatment of any ancurysm of any
anatomical variation or other type of diseased aorta or traumatic injury.

Visceral Double-Barreled Main Body Stent Graft and Methods for Use

in a first aspect, as exemplified in Figures 1A and 1B, the invention provides 3 stent
graft 100 comprising, {a} & main body stent graft 105 having a distal end 106 and a proximal
end 107, wherein the mam body stent graft 105 has a length 1 the range from about 100 rom
to about 120 yam, wherein the main body stent graft 105 has a diameter at the proximal end
107 i the range from about 30 mm to about 45 nun, (b) a first lumen 110 defined at the distal

1 5

end 106 of the main body stent graft 103, wherein the first lwmen 110 has a diameter in the
rgnge from about 18 mm to about 20 nuw, () a second fumen 115 defined at the distal end
106 of the main body stent graft 105, wherein the second lumen 115 has a diameter in the
range from about 16 mm to aboot 18 mm, wherein the first limen 110 and the second humen
115 have the same length of about 50 mmm to about 70 m, wherein the first Jumen 110 is
secured to the second lumen 115 along a shared length 1240, and (4} wherein the main body
stent graft 105 defines a tubular wall 125 that i3 contiguous with the first lumen 1164 and the
second fumen 113 such that any flmd entering the mam body stent graft 105 must exit
through one of the first lumen 110 or the second lumen 115

in one embodiment, the double barreled main body stent graft 100 can be made by

joining two existing single lumen stent graft extensions or Himbs fo the complete periphery of
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a distal end of an existing single humen main body stent grafl and then joining the two single
fumen extensions and/or hmbs to one another along a shared length. The main body stent
graft can be jeined with two existing single lumen stent grafis using adhesive, sewing,
bonding, or welding, or any other known mechamsm, for example. The same means can be
used to join the two single lumens along a shared length. This embodiment maintains the two
single lumen extensions or limbs in a substantially evhindrical configuration. In a further
embodiment, the double barreled main body stent graft can be made by sewing a seam
partially or completely up the middle of an existing stent graft, to create the two separate
“barrels” or hunens. In another embodimend, the double barreled main body stent grafl can
be clamped partially or completely up the middle of an existing stent graft, to create the two
separate lumens. Alternatively, the double-barreled main body stent graft can be
manufactured as unitary doal lomen device using any suitable process. Using a seam or
clamp technique allows the tubular wall 125 of the main body stent graft 103 to remain
contignous with the walls of first lumen 110 and the second lumen 115 such that any fluid
entermg the main body puist exit through one of the first himen 110 or the second fumen 115,

in a preferred embodiment, the double-barreled stent graft 100 can be used as an
anchoring main body stent graft for debranching procedures,

In one embodiment, the shared length 120 of the first and second lumens is a
minimum of about 30 mm. This length provides adequate overlap for passive fxation to
other modular stent grafts, for example, debranching great vesse] stent grafts, debranching

visceral stent grafts, extension stent grafls, other stent grafls of the present mvention, or any

o

other Hmb-type stent graft doring stent graft debranching procedures.
In one embodiment, the flrst tumen 110 and the second lumen 115 are defined by a
seam 121 at the distal end of the main body graft. As shown in Figures 18 and 2B, the

proximal end 107, 207 of the main body stent graft 105, 205 remains substantially cylindrical
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to maintain a complete seal with the aoriic wall. In another embodiment, the visceral double-
barreled stent graft 100, 200 further ncludes a eylmdrical stent graft structure, discussed
detail with respeet to the sixth aspect of the invention, that is cocxtensive with and disposed
on an exterior of the main body sient graft 105, 205,

in another embodiment, the dlameter of the fivst lumen 110 1s about 2 mum greater
than the diameter of the second fumen 115, In a preferred embodiment, the diameter of the
first flumen 110 is sbout 18 mun and the diameter of the second lumen 115 15 about 16 mimo. In
various embodiments, the diameter of the first hunen 110 may be between about 18-20 mm,
19-20 rom or 20 mm, while the diameter of the second lumen 115 may be between about 16-
18 wym or about 16-17 mm,

I a further embodiment, the length of the main body stent graft 105 is about 100 mum
and, m various embodiments, may be between about 100-120 wmim, 1006-115 mm, 100-110
mm, [00-105 mam, 105-120 mm, 118120 mum, 1135-120 mm or about 120 nm.

in various cmbodiments, the diameter of the proximal end of the main body stent graft
may be between about 30-45 mm, 32-43 mm, 35-40 mmy, 30 mm, 35 mm, 40 mm or about 45
ot

in a sccond aspect, as shown in Figures 2A and 2B, the invention provides a stent
graft 200 comprising, (a) a main body stent graft 205 having a distal end 206 and a proximal
end 207, wherein the main body stent graft 205 has a length in the range from about 100 mm
to about 120 mam, (b} a first lomen 210 defined about Snun from the proximal end 207 of the
main body stent graft 205 to the distal end 206 of the mamn body 205, wherein the first lumen
210 has a substantially constant diaroeter along s length in the range from about 18 nun to
about 20 mum, (¢} a sccond lnmen 220 defined about Soun from the proximal end 207 of the
main body stent graft 205 1o the distal end 206 of the main body stent graft 205, wherein the

second Jumen 215 has a substantially constant diameter along its length m the range from
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about 16 mm to about 18 mm, wherein the first famen 210 is secured {0 the second lumen
215 along a shared length 220,

The main body stent graft 205 defines a single lomen with 3 uniform side wall at the
proximal end 207 extending Smm towards the distal end 206 to cnsure that the profile of the
proximal end 207 remains substantially eylindrical to maintain a complete seal with the aortic
wall,

Any of the additional embodiments discussed with respect to the first aspect of the

1

mvention can likewise be used with the second aspect of the invention.

in a third aspect, see for examople Figure 3, the invention provides a method for
placement of a stent graft 100, 200 according to the first or second aspects of the invention,
comprising, (a) introducing a guidewire into an aorta 300 via arterial access, (b) loading a
fehvery catheter containing a stent graft 100, 200 accordimg to the first or second aspects of
the invention onto the guidewire, {¢) moving the delivery catheter along the guidewire and
introducing the delivery catheter into the aorta 300 via arterial access, and {(d) deploying the
stent graft 100, 200 into the aorta 300,

In one example, Figure 3 shows a visceral double-barreled main body stent graft 100
acting as a platform or anchor, A debranching visceral stent graft 800 is deployed within the
first hunen 110 of the double-barreled main body stent graft 100 and a visceral extension
gtenit graft 305 is deployed within the second umen 113, Additional extension stent grafts
and a bifurcated stent graft are linked in series across the aneurysmal sac 301 to the native
vessels 302 to complete the debranching of the aneurysm.

In one embodiment, the visceral double-barreled stent grafts 100, 200 may be used in
an antegrade deployment in the thoracic aorta in the normal direction of blood flow. Inan
example visceral antegrade deployment, the distal portion of the stent graft can be placed

about 11 cm above the celiac artery. In this antegrade deployment, one of the first or second
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humens of the double-barreled stent grafis is dedicated to the visceral segment of the aorta,
while the other lumen 1s dedicated to the revascularization of the mfra-renal sorta.
in a fourth aspect, not shown, the invention provides a method for placement of a

stent grafi 130, 200 according to the first or second aspects of the invention, comprising

g, (a)
miroducmyg a guidewire into an aortic arch via artenal access, (b) loading a delivery catheter
condaining a stent graft 100, 200 according to the first or second aspects of the invention onto
the guidewire, wherein a distal end 106, 206 of the stent graft is ioaded first, (¢) moving the
delivery catheter along the guidewire and introducing the delivery catheter into the aortic
arch via arterial access, and () deploying the stent graft 160, 200 into 4 proximal descending
aorta.

n & fifth aspect, not shown, the fnvention provides a roethod for placement of a stent
graft 100, 200 according to the first or second aspects of the juvention, comprising, (a)
miroducing a guidewire info a thoracic or abdominal aorta via arterial access, (b) loading a
delivery catheter containing a stent graft 100, 200 according to the first or second aspects of
the invention onto the guidewire, (¢} moving the delivery catheter along the guidewire and
wiroducing the delivery catheter mnto the thoracic or abdominal aorta via arterial access, and
(d) deploying the stent graft 100, 200 into the thoracic or abdominal aorta.

in one embodiment, a main body of a debranching stent graft is sized so as to slide
mto one of the lumens of the double-barreled main body stent graft, while the other lumen
can be used for stenting of a lower extremity, such as the infrarenal segment. iIn one
embodiment, he debranching sient gratt 1s held i place through passive fxation.

Aoprtic Arch Double-Barreled Main Body Stent Graft and Methods for Use

in a sixth aspoct, as shown in Figures 44 and 48, the invention provides a stent graft
400 comprising, (a) a main body stent graft 405 having a distal end 406 and a proximal end

:

447 wherem the main body stent graft 405 has 4 length in the range Gom about 50 mm to
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about 70 mm, wherein the main body stent graft 4035 has a diameter at the proxamal end 4047
i the range from about 40 mm to about 60 yam, {(b) a first Jumen 410 defined at the distal end
of the main body stent graft 405, wherein the first Tumen 410 has a diamcter in the range from
about 18 mm to about 30 mm, (b} a second fumen 415 defined at the distal end 406 of the
main body stent graft 405, wherein the second lumen 415 has 2 diameter 1o the range from
about 18 rom to about 30 vy, (¢} wherein the first lumen 410 is secured to the second lumen
415 along a shared length 420, wherein the shared fength of the first lumen 410 and the
second tumen 415 18 in the range from about 30 rom to about 65 mm, and (d) wherem the
main body stent graft 405 defines a tubular wall 425 that is contiguous with the fitst lumen
410 and the second humen 415 such that any fluid entering the main body stent graft 405 must
exit through one of the {irst lumen 410 or the second fomen 41 5.

in one embodiment, the double barreled mam body stent graft 400 can be made by
joining two existing single lumen stent graft extensions or Tonbs 1o the complete periphery of
a distal end of an existing single lumen main body stent graft and then joining the two single
fumen extensions and/or Bmbs to one another along a shared length. The main body stent
graft can be joined with two existing single lumen steot grafts using adhesive, sewing,
bonding, or welding, or any other known miechanisrn, for example. The same means can be
used to join the two single lumens along a shared length. This cmbodiment maintains the two
single lumen extensions or lmbs in a substantally eyhndrical configuration. In a further
embodiment, the double barreled main body stent graft can be made by sewing a seam
partially or completely up the muddle of an existing stent graf, 1o creale the two separate
“barrels”™ or humens. In ancther embodiment, the double barreled yain body stent graft can
be clamped partially or completely up the middle of an existing stent graft, to create the twe
separate tumens. Alternatively, the double-barreled nain body stent graft can be

manufactured as unitary dual lomen device using any suitable process. Using a seam or
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clamp technique allows the tubular wall 425 of the main body stent graft 403 to remain
contiguous with the walls of first lumen 410 and the second lumen 415 such that any flud
¢ntering the main body must exit through one of the first lumen 410 or the second lomen 415,

In one embodiment of the sixth aspect o' the invention, the first lumen and the second
lumen are defined by a seam 421 starting st the distal end 406 of the main body stent graft
405 and extending towards the proximal end 407 of the main body stent graft 403, In one
preferred embodiment, the shared length 421 of the first lumen 410 and the second lumen 415
is about 30 mm and, in various embodiments, the shared Tength 421 may be between about
30-65 mm, 30-60 num, 30-35 mm, 30-50 mum, 30-45 mm, 30-40 v or 30-35 mam.

Alternatively, the shared length 421 of the first fumen 410 and the second lumen 415 is about

el

78 mum,

n various embodiments, the length of the mam body stent graft 465 may be betwoen
about 30-70 mum, 56-65 mm, 30-60 nun, 56-35 mm, 530 moy, 55-70 num, 60-70 mom, 65-70
mm or about 70 mm.

In one embodiment, the diameter of the frst Twmen 410 s about the same as the
diameter of the second lumen 415, In one preferred embodiment, the diaroeter of the first
fumen 410 is about 20 num and the diamcter of the second fumen 415 is about 20 nun. In
varions embodiments, the diameter of the first lomen 410 may be between about 18-3{ mim,
20-28 mm, 22-26 mam, or 24 mm. In various embodiments, the diameter of the second lumen
415 may be between about 18-30 mm, 20-28 mm, 22-26 nun or about 24 mom.

in another preferred emibodiment, the main body stent graft 405 has a diameter at the

g
i

proxamal end 406 of about 40 mm. o still another preforred embodiment, the length of the
main body stent graft 405 is about 50 mm and, in various embodiments, the length of the

main body stent graft 405 may be between about 40-60 mm, 42-58 miua, 44-56 mm, 46-54

wm, 48-52 mm, 40 mm or about 60 mm.

(48]
[%)
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In another embodiment, as shown in Figure 5A, the sixth aspect of the invention
further comprises a cyhndrical stent graft structure 430 coextensive with and disposed on an
gxterior of the main body stont graft 405, The cylindrical stent graft structure 430 maintains
the double-barreled stent graft 400 in a substantially cylindrical shape to assist with facial
contact with the vessel wall along the length of the stent graft resulting in a complete
circurnferential seal and to ensure blood flow is maintained through both turens 410, 415,
When the double-barreled stent graft 400 is deployed in the ascending aorta or the proximal
descending aorta, mamtaining the cylindrical shape of the double-barreled stent graft 400 1s
partticularfy important,

in one embodiment, the cylindrical stent graft structure 430 may further define bi-
directional anchor hooks 435, These bi-directional anchor hooks 435 aitach to the aortic wall
preventing or Hrotting mugration of the man body stent graft 405 within the aorta.

i another embodiment, the cylindrical steot graft structure 430 may further include
radiopaque markers 440 in the form of gold bands at the distal end of cach individual fumen
of a given stent graft. These radiopaque markers 440 help the surgeon ensure that the double
barreled stent graft 400 1s properly oriented within the aorts prior to deployment and further
assist with guidewire placerent within the first and/or second fumens 410, 415,

in yet another embodiment, the cylindrical stent graft stractare 430 may further
melude a divectional marker 445 of any shape or configuration, for example, an “S” shape
The directional marker 445 helps the surgeon ensure that the double-barreled stent graft 400
is properly ortented within the aorta prior 1o deployment.

In one embodiment, shown in Figare 51, a stent valve 445 4s affixed to the proximal
end 407 of the main body stent graft 405, where a free ond 446 of the stent valve 445 s
covered and a portion of the stent valve 447 extending between the free end 446 and the

proximal end 407 of the main body stent graflt 405 i3 uncovered. As used herein, a “stent

(€8]
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valve” 18 a percutaneous selfexpanding valve affixed to a proxtmal end 407 of the main body
stent graft 405 with the uncovered portion 447 overlaying the coronary arieries 455 to
maintain blood flow. An exemplary embodiment of the stent valve includes the Corevalve®

manufactured by Medtronic. In one embodiment, the free end 446 of the stent valve 445 is

[@a1

covered with an impervious natural or synthetic material. In one embodiment, the stent valve
445 may be placed in the outflow tract 451 of the aortic valve. The stent valve’s anchoring
mechanism s derived from, for example, s funnel shape with g larger diameter at the free end
446 and smaller diameter at the point where the covered portion meets the uncovered portion
447. This cmbodiment may be used in commbination with any of the anchoring main body

10 stent grafls of the present invention.

In a seventh aspect, the invention provides a method {or placement of & stent graft 400
from the sixih aspect of the mvention, comprising, {(a) ntroducing a guidewsre mto an aorta
via arterial access, (b) loading a delivery catheter containing a stent graft 400 according to the
sixth aspect of the invention onto the guidewire, (¢} moving the delivery catheter along the

15 guidewire and introducing the delivery catheter into the aorta via arterial access, and (d)
deploving the stent graft 400 into the aorta,

In one embodiment, the seventh aspect further comprises (¢} loading a second
delivery catheter containing a debranching stent graft 1100 according to the thirteenth aspect
of the invention onto the guidewire, {f) moving the second delivery catheter slong the

20 guidewire and introducing the delivery catheter into the gorta via arterial access, and (g)
deploying the debranching stent graft 1100 nto one of the aorta or a fumen of a previously-
placed stent graft, such as a stent graft 400 according to the sixth aspect of the mvention
within the aorta.

in one embodiment, a main body of the debranching stent graft 1100 is sized so as to

&3
[#3 1

shide into one of the tumens of the double-barreled mam body stent graft 400, while the other
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humen can be used an extension stent grafl. In one embodiment, the debranching stent graft
1100 and extension sient grafl are held in place through passive fIxation.
in another embodiment, the seventh aspect stifl further comprises, (h) introducing a

second guidewire into the aoria via arterial access, (1) loading a third delivery catheter

[@a1

containing a great vessel imb 1325 according to the thirteenth aspect of the invention onto
the second guidewire, () moving the third delivery catheter along the second guidewire and
miroducing the third delivery catheter into a selected log of the debranching stent gratt 1100
via arterial access, and (K} deploying a proximal end 1326 of the great vessel himb 1325 into
the sclected leg of the debranching stent graft 1160,

10 in an cighth aspect, the invention provides a method for placement of a stent graft 400
from the sixih aspect of the nvention, comprising, (8} introdacing a guidewire into an aortic
arch via arterial access, (b) loading a delivery catheter contaiming a stent graft 400 according
to the sixth aspect of the invention onto the guidewire, wherein a distal end 406 of the stent

graft 405 is loaded first, {c) moving the delivery catheter along the guidewire and introducing

10
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5 the dehivery catheter into the aortic arch via arterial access, and {d) deploying the stent graft
400 to a proximal descending aorta.

In another embodiment, the aortic arch double-barreled stent graft may be used ina
retrograde deployment in the aortic arch against the normal direction of blood flow. In the
retrograde deployment, the proximal portion of the stent graft can be placed about 11 em

23 distal to the left subclavian artery. In this retrograde deployiment, one of the first or second
fumens is dedicated to the Great vessels, while the other lumen s dedicated to the ascending
aoria.

in a ninth aspect, as shown in Figare §, the invention provides a methad for placement
of a stent graft 400 from the sixth aspect of the invention, comprising, (a) introducing a

videwtre into an ascending aorta 459 via arterial access, {(b) loading a delivery catheter
) bl LN e R
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contatning a stent graft 400 according to the sixth aspect of the invention onto the guidewire,
{¢) moving the debivery catheter along the guidewire and ntroducing the dehivery catheter
into the ascending aorta 450 via arierial access, and (d) deploving the stent graft 400 into one
or both of an aortic outflow tract 451 or the ascending aorta 450.

in one embodiment, the double-barreled stent graft 400 may be used in an antegrade
deployment in the ascending aorta 450 in the normal direction of blood flow. This is
considered a “transapical” approach. As used herein, the “transapical” approach is made
through the left ventricle through an apex of the heart into the ascending aorta 450 in order to
debranch the aortic arch in an andegrade manner. Specifically, the double barrel stent grafl
400 is loaded in a catheter in reverse and deployed antegrade. In this transapical antegrade
deployment, the proximal portion of the double-barreled stent graft 400 is deployed within
about one centimeter of the aortic valve coronary arteries 455, in the embodiment stilizing a
stent valve 445, the free covered end 446 of the stent valve ligs in the aortic outflow tract 451,
while the uncovered portion 447 of the stent valve lays across the coronary arteries 455
permitting blood flow to continue m a normal manner. According to this transapical
antegrade deplovment, one of the first or second Jumens 410, 415 of the double-barreled stont
graft 400 1s dedicated to the innominate artery 452, while the other lurnen is dedicated to the
left common carotid 453 and the Teft subclavian arteries 454.
Bebranching Stent Grafis

The debranching stent grafis can be used for the wreatment of any ancurysm of any
anatomical variation or other type of diseased aorta or traumatic injury. The debranching
stent grafls, in particolar, are able to connect to almost any vessel anatomy, and thus provide

Iy

an case of use in a variety of different patients. In addition, the debranching stent graft can be

used in combination with any embodiment of the double-barreled stent graft or stent graft

Emb disclosed herein, or other mam body anchoring stent graft. The core debranching stent

40
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grafl comprises a main body stent graft with a bifurcation defining a first Jeg and a second
feg. This core can be used modularly with lunbs that may be selected based on the
debranching procedure required and a given paticnt’s vasculature,
Debranching Visceral Stent Graft and Metheds for Use
in a tenth aspect, as shown i Figures 7TA-98, the invention provides a debranching

sient graft 700, 800, 900 conyprising, {2) 8 main body stent graft 705, 803, 905 with a

bifurcation 710, 810, 910 defining a first leg 715, 815, 915 and a second leg 720, 320, 820,
wherein the main body stent graft 705, 805, 905 has a distal end 706, 8§06, 906 and a proximal
end 707, 807, 907, (b) wherein the main body stoot graft 705, 805, 905 bas a diameter at the
proximal end 707, 807, 907 in the range from about 18 mm to about 22 mum, (¢} wherein the
first leg 715, 815, 915 and the second leg 720, 820, 920 each have a diameter in the range
from about 14 mro to about 16 yom, (d) wherein the distance from the proximal end 707, 807,

~

207 of the main body stent graft 705, 803, 905 1o the distal end 706, 806, 906 of the first leg

4

15, 815, 915 is in the range from about 70 om to about 90 mn, (¢} and wherein the distance

from the proximal end 707, 807, 907 of the main body stent graft 703, 803, 805 to the distal

&

end 721, 821, 921 ofthe second leg 720, 820, 920 is in the range from about 80 mi to about
100 mam, and wherein the second leg 720, 820, 920 15 at least about 13 mum longer than the
first leg 715, 815, 915, Like numbers denote like features in Figures 7A-9B.

The debranching visceral stent graft 700 may be deploved within a lumen of a double-
barreled main body stent grafl as a second level in a debranching procedure or placed in
direct contact with a vessel wall as an anchoring main body stent graft. In addition, the
debranching visceral stent graft 700, 364, 800 could be deployed in the tumen of any
previously-placed appropriately sized stent graft.

in one preferred embodiment, the second leg 720, 820, 920 is no more than about 20

i Jonger than the first leg 713, 815, 913, The difference in length between the two legs
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allows for a smaller constraining device to be used for deployment and further eases selection
of the mdividual vessels for stenting by providing a better radiographical visualization of the
fcgs. In a further preferred embodiment, the distance frorm the proximal end 707, 807, 907 of
the main body stent graft 705, 805, 905 to the distal end 706, 806, 906 of the first leg 713,

815, 915 1s about 70 mm, and the distance from the proximal end 707, 847, 807 of the main
body stent graft 705 1o the distal end of the second leg 720 is about 80 mym. In various
embodiments, the distance from the proximal end 787, 807, 807 of the main body stent graft
705, 8035, 905 to the distal end 706, 806, 906 of the fivst leg 715, 815, 915 may be between

about 70-90 rom, 70-85 mm, 70-80 mm or 70-75 mum. In various embodiments, the distance
from the proximal end 767, 807, 907 of the main body stent graft 705, 803, 905 to the distal
end of the second leg 720, 820, 920 may be between about 80-100 mum, 8(-95 mm, 80-90
i or 80-85 mom.

i another preferred embodiment, the bifurcation 710, 810, 910 occurs in the range
from about 30 mun o about 40 rom from the proximal end 707, 807, 907, This provides 30-
40 mum for passive fixation with a fumen of an anchoring double-barreled main body stent
graft 100, 200 or any other anchoring steat graft and/or 30-40 mun of substantially cylindrical
wall at the proximal end 707, 887, 907 of the main body stent graft 765, 8035, 905 for dircct
facial contact with the acrtic wall when the debranching visceral stent graft 700, 800, 00{ is
acting as a main body anchor.

In an additional preferred embodiment, the diameter of the main body stent graft 705,
805, 905 at the proximal end 707, 807, 507 is about 20 mm and, in varicus embodiments,
may be between about 18-22 v, 19-22 mm, 20-22 mury, 21-22 mm or about 22 wm.

in one embodiment, the tenth aspect of the nvention further comprises a first visceral
fimb 725, 825, 925 joined with one of the first leg 7185, 813, 815 or the second leg 720, 820,

920 at the distal end of the roain body stent graft 703, 805, 903,
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in a preferred embodiment, as shown in Figures 8A-9B, the first visceral limb 823,
925 1s joed with one of the frst leg 815, 915 or the second leg 8240, 920 via a seam 831,

931. In this embodiment, the {irst visceral mb 825, 925 preferably has a diameter at the

proximal end 826, 926 of about 14 mm and, in various embodiments, may be between about

[@a1

14-16 mym or 14-15 mm. Further in this embodiment, the first visceral Bmb 823, 925
preferably bas a length in the range from about 30 o to about 50 rom and, in various
embodiments, may be between about 30-45 mm, 30-40 mum, 38-35 mm or about 30 mm,
Also i this embodiment, the first visceral Bmb 825, 925 may have a bifurcation 834, 930
defining a third leg 835, 935 and a fourth leg 840, 940, and the bifurcation 830, 936
10 preferably occurs approximately at the seam. Here, cach of the third leg 8335, 935 and the
fourth leg 840, 941 preferably have a diameter of about 7 mn. In a further preferred
embodiment, as shown for example in Figures 8A and 8B, the tenth aspect of the invention
further comprises a second visceral Himb 845, 943 attached to the other of the first leg 815,
915 or the second leg 826, 920, In this embodiment, the second visceral limb 845, 945 can
15 take the form of any embodiment of the first imb 725, 823, 925 discussed throughout.
in another preferred embodiment, the first visceral hmb 725 is jomned with one of the
first feg 715 or the second leg 720 via passive fixation. In this embodiment, the fivst visceral
limb 725 preferably has a diameter at the proximal end 726 in a range from about 15 mm to
about 17 vom and, in various embodiments, may be between about 15-16 mm, 16-17 mm or
23 about 15 rom. The diameter at the proximal end 726 of the visceral limb 725 should be at
feast about 1 mm larger than the diameter of the leg that receives the limb and the length of
the overlap between the leg and limb should be at least 30 mm m order for passive fixation to
be effective.
in one passive fixation embodiment, shown in Figures 74, Detail A and 78, Detail A,

the first visceral Jimb 723 preferably has a Jength in the range from about 60 yom to about 89
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mm and, in various embodiments, may be between about 60-75 mm, 60-70 mm, 60-65 mm,
60 mum, 65-80 yom, 70-80 mm, 75-80¢ rom or about 80 mum. In a further embodiment, the first
visceral limb 725 may have a biturcation 730 defining a third log 735 and a fourth leg 740,
and the third leg 735 and the fourth leg 740 preferably each have a length of ebout 30 mm. In
atill another embodiment, each of the third leg 735 and the fourth leg 740 preferably have a
diameter of about 7 ram,

in another passive fixastion embodiment, shown in Figures 7A, Detail B and 78,
Detail B, the first visceral limb 725 preferably has a length in the range from about 60 mm to
about 80 nun and, in various entbodiments, may be between about 60-735 mm, 60-70 mm, 60-
65 mum, 60 mm, 65-80 mm, 70-80 mim, 73-80 mom or about 80 mm. In a further embodiment,
the first visceral imb 7235 defines a single lumen 743, and the first visceral limb 723
preferably has a diameter at the distal end 746 of about 7 mm.

1 a further passive fixation embodiment, shown in Figures 7A, Detail C and 78,
Detail C, the first visceral limb 725 has a length in the range preferably from abouat 70 mm to
about 180 mm and, in various embodiments, may be between about 70-95 mm, 70-90 mm,
70-85 mm, 70-80 num, 70-75 mm, 70 mmy, 75-100 mm, 30-100 mm, §5-100 mm, 906-100 mum,
§5-100 mm or about 100 mum. In a further cmbodiment, tho first visceral limb 725 has a
bifurcation 750 defining a third leg 755 and a fourth leg 760, and the third feg 755 and the
fourth leg 760 preferably each have a length of about 30 mm. In yet a further embodiment,
the third leg 755 preferably has a diameter of sbout 7 mm and the fourth leg 760 preferably
has a diameter of aboat 16 mm.

Fach of the foregomg visceral hmb 725 embodiments can be used interchangeably
with the ficst or second leg 715, 720 of the debranching stent graft 700,

in an cleventh aspect, as shown in Figures 10A and 10B, the invention provides a

debranching stent graft 1000 comprising, (4) a roain body stent graft 1005 with a bifireation
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1010 defining a first leg 1015 and a second leg 1020, wherein the main body stent graft 1050
has a distal end 1006 and a proximal end 1007, (b) wheremn the main body stent graft 1005 has
a diamcter at the proximal ond 1007 in the range from about 28 mm to about 36 mam, {¢)
wherein the first leg 1015 and the second leg 1020 each have a diameter of about 14 mm, (d)
wherein the distance from the proximal end 1007 of the main body stent graft 1005 1o the
distal end 1016 of the first leg 1015 is about 70 mm, {¢) and wherein the distance from the
proximal end 1007 of the main body stent graft 1005 to the distal end 1021 of the second leg
1024 is about 80 mum.

in various embodiments, the diarneter at the proximal end 1007 of the mam body
1005 may be between about 28-36 mum, 28-34 mm, 28-32 mim, 28-30 mm, 28 mm, 33-36
mm, 32-36 mm, 34-36 mm or about 36 mum.

in one embodiment according to either the tenth or eleventh aspeet of the mvention,
the second leg 720, 820, 920, 1020 defines at least one fenestration.

in another embodiment, as shown in Figures 10A and 10B, the eleventh aspect Lurther
comprises, a first visceral himb 10625 attached to the first leg 1015 at the distal end 1006 of the
main body stent graft 1005, where the first visceral imb 1025 has a bifurcation 1030 defining
a third leg 1035 and a fourth leg 1048, where the bifurcation 1030 occurs immediatcly at the
proximal end 1026 of the first visceral imb 1025, where the first visceral limb 1025 bas a
length of about 30 rum, and where each of the third leg 1033 and the fourth leg 1040 have a

7
/

diameter of about 7 mm,

in a further ermbodiment, as shown m Figures 10A and 108, the eleventh aspect
further comprises, a visceral extension 1045 joined with the second leg 1020, wherein the
visceral extension 1045 has a proximal end 1046 and a distal end 1047, whercin the viscoral

extension 1045 comprises a tubular main leg 1050 with a bifurcation 1055 defining g first

extension Jeg 1060 and a second extension leg 1063, wherein the first extension leg 1060 has
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a distal diameter of about 7 mum and the second extension leg 1065 has a distal diameter of
about 16 nuw, and wherein the visceral extension 1045 has a diameter of about 15 nun at the
proximal end 1046 and a diameter of about 20 mm at the bifurcation 1055, wherein the
visceral extension 1045 has a length of about 93 mm. In various embodiments, the length of
the visceral extension 1045 may be between about 82-199 ram, 87-177 nm, 93-156 mwo,
109-140 mm, or about 124 mm, about 82 mm, about 156 mim or about 199 am,

in a twellth aspect, as shown in Figure 3, the mvention provides a method for
placoment of a debranching stent graft 700, 804, 300 according to the tenth or eleventh aspect
of the invention, comprising {a) introducing a guidewire into the aoria 300 via arterial access,
{(b) loading a delivery catheter containing a debranching stent graft 700, 800, 906 according
to the tenth or eleventh aspect of the invention onto the guidewire, (¢} moving the delivery
catheter along the guidewwre and mtroducig the delivery catheter into the aorta via arterial
access, {d) and deploying the debranching stent graft 700, 890, 900 into one of the aorta 300
or a lumen of a previously-placed stent graft, such as a stent graft 100, 260 according to the
first or second aspects of the invention within the aorta 300.

in one embodiment, as shown in Figure 3, the twelfth aspect further conprises, (o)
introducing a second guidewire into the aorta 300 via arterial access, {f} loading a second
delivery catheter containing a visceral mb 725, 825, 925 according to the tenth or cleventh
aspect of the invention onto the second guidewire, {g) moving the second delivery catheter
along the second guidewire and introducing the second delivery catheter into the first leg 715,
815, 915 or the second leg 720, 828, 920 of the debranching stent grafl 700, 30, 960 via
arterial access, and () deploying a proxamal end 726, 826, 926 of the visceral b stent graft
700, 800, 900 toto the first leg 715, 815, 915 or the second leg 720, 820, 920 of the

debranching stent graft 700, 800, 900,

PCT/US2013/036192
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In another embodiment, not shown, the twelfth aspect further comprises, (1)
miroducing a third guidewire into the aoria via arterial access and mto a selected lumen of the
debranching stent graft 700, 800, 900, {j) loading a third delivery catheter containing a
visceral extension sient grafl 1045 according (o the tenth or eleventh aspect of the invention
onto the third guidewire, (k) moving the third delivery catheter along the third guidewire and
mtroducing the third delivery catheter into the selected fumen of the debranching stent graft
700, B0, 900 via arterial access, and (1} deploying a proxiraal end 1046 of the visceral
extension stent graft 1045 into the selected lumen of the debranching stent graft 700, 800,
900, while the distal end extends into a native vessel

Debranching Great Vessel Stent Graft and Metheds for Use

n a thirteenth aspect, as shown for example in Figures 11A-12, the invention
provides a debranching stent graft 1100 comprising, (8) a main body stent gralt 1105 with a
1120, wherein the main body

first bifurcation 1110 defining a first teg 1115 and a second leg

il

( 1

stentt graft 1103 has a distal end 1106 and a proximal end 1107; wherein the main body stent
araft 1105 has a diameter at the proximal end 1106 in the range from about 18 myo t0 about
2% mum, {b) wheremn the firsf leg 1115 and the second leg 1120 cach have a diarpeter n the
range from about 12 rom to about 18 mm, (¢} wherein the distance from the proximal end
1106 of the main body stent graft 1105 to the distal end 1116 of the first fog 1115 1s inthe
range from about 30 mm to about 50 mm, and (d) wherein the distance from the proximal end

~

1167 of the main body stent graft 1103 to the distal end 1121 of the sccond leg 1120 isina
range from about 50 mim to about 70 mm.
Like the debranching visceral stent graft, the debranching great veasel stent grafll may

be deployed within a lumen of a double-barrcled main body stent grafi as a second level na

debranching procedure or placed in direct contact with a vessel wall as an anchoring main
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body stent grafl. In addition, the debranching great vessel stent graft could be deployed in the
fumen of any previously-placed appropriately sized stent graft.

in one preferred ombodiment, the diameter of the main body stent graft 1105 at the
proximal end 1107 is about 25mm and, in various embodiments, may be between about 18-28
mm, 20-26 mm, 22-25 mm or 24-25 mo In another preferved embodiment, the first
bifurcation 1110 occurs in the tange from about 20 v to about 43 rom from the proximal

end 1107 and, in various embodiments, the distance of the first bifurcation 1110 to the

proximal end 1147 may be between about 20-50 mm, 25-40 mmy, 30-35 na or about 30 smm.
In a furtber preferred embodiment, the first Jeg 1115 and the second leg 1120 cach have a

2
2

diameter of about 14 mm and, in various embodiments, may be between about 12-18 mm, 13-
17 mim, 14-15 mm or 14-16 mm.

in another embodiment, the thirtcenth aspect of the ovention further comprises a first
great vesse] fimb 1125 joined with one of the first leg 1113 or the second feg 1120 at the
distal end 1106 of the main body stent graft 1105,

in one preferred embodiment shown in Figures 11A and 111, the first great vessel
hmb 1125 18 j0ined with one of the first leg 1115 or the second leg 1120 visaseam 1131, In
this emibodimaent, the first great vessel Hmb 1125 preferably has a diameter at the proximal
end 1126 in the range from about 14-16 mum and, m vanioos embodiments, the diameter at the
proximal end 1126 of the first great vessel Himb 1123 may be between about 14-16 rom, 14-
15 mam or about 14 mm. Further in this erbodiment, the first great vessel imb 1125
preferably has a length about 30 mm. Also i this embodiment, the first great vessel limb
1125 may have a bifireation 1130 definng a thard leg 1135 and a fourth Teg 1140, and the
hifurcation 1130 preferably occurs approximately at the scam 1131, Here, cach of the third

feg 1135 and the fourth leg 1140 preferably have a diameter in the range from about 7 mm to

about 12 rom
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in a further preferred embodiment, as shown in Figare 12, the first great vessel lmb
1225 15 agan joined with one of the first leg 1215 or the second leg 1220 via a seam 1231, In
this embodiment, the main body stent graft 1205 has a diameter at the proximal end 1207 in
the range {rom about 20 mun (o aboul 28 mm, where the first bifurcation 1210 oceurs in the
range from about 25 mm to about 45 mm from the proximal end 1207 of the main body stent
graft 1205, and where each of the third leg 1235 and the fourth leg 1240 have a diameter in
the range frorg about & mm to about 12 mm. o various ergbodiments, the diameter atf the
proximal end 1207 of the main body stent graft 1205 may be between about 22-26 mm, 24-26
mnt or about 26 o In various embodiments, the distance of the frst bifurcation 1210

7
g

the proximal end 1207 may be between about 20-45 mm, 25-40 mm, 30-35 mom or about 30
m. In various embodimenis, the diameter of cach of the third leg 1235 and the fourth leg
1240 may be between about 8-11 mm, 9-11 rom, 9-12 ww or about 10 mm. o various
embodiments, the diameter of the second leg 1220 may be between about 12-18 ram, 14-16

mm or about 14 mm. In various embodiments the length from the proximal end 1207 of the

main body stent graft 1205 to the distal end of the second leg 1220 may be between about 55-

R0 mm, 60- 75 num, 60-70 mam, 60-65 nym, 60-80 mm, 65-80 num, 70-80 mm, S0 vy ot
about 6 num or about 80 num.

In one embodiment, the thirteenth aspect of the invention further comprises a plorality
of bi-directional anchor hooks 12435 attached w0 two adjacent stents at the proxamal end of the
main body stent graft 12035,

in stilf another embodiment, the thirteenth aspect of the mvention further comprises a
radiopaque band 1250 disposed at the distal end of each of the first leg 1215, third log 1233
and fourth leg 1240,

in another embodiment, the main body stent graft 1205 may further include a

directional marker 1258 on the mam body stent graft 1205 i any configuration, for exarople,
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an “S” shape.

in another preferred embodiment, as shown in Figures 13A and 138, the first great
vessel Hmb 1325 ds joined with one of the first leg 1115 or the second leg 1120 via passive
fixation. In this embodiment, the first great vessel limb 1325 proferably has a diameter at the
proximal end 1326 i a range from about 15 mm to about 17 mm and, fn various
embodiments, may be between about 15-16 ram, 16-17 numn or about] 6 mm. The diameter at
the proximal end 1326 of the great vessel himb 1325 should be at least 1 mun larger than the
diameter of the leg that veceives the hmb and the overlap between the leg and Himb should be
at feast 30 mm in ovder for passive fixation to be effective. Further in this embodiment, the
first great vessel Himb 1325 preferably has a length in the range from about 60 mm to about
100 mm and, in various embodiments, may be between about 60-75 mm, 60-78 mm, 60-65
mm or about 60 mro. o one passive fixation embodiment, the first great vessel b 1335
has a bifurcation 1330 defining a third leg 13335 and a fourth leg 1340, and the thivd log 1335
an] the fourth feg 1340 cach preferably have a length of about 30 mm. In this passive

133

fixation erobodiment, each of the third leg 1335 and the fourth leg 1340 preferably have a
diameter m the range from about 7 mm to about 12 mia. To various embodiments, the length
of the third leg 1335 may be between about 8-11 romy, 811 mug, 9-10 mm or about 10 mm.
In various embodiments, the length of the foorth leg 1340 may be between about 7-11 mm, 7-
1 mm, 7-9 mm, 7-8 mun or about 7 mm.

In still another embodiment, the thirteenth aspect of the invention further comprises a
second great vessel limb attached to the other of the first leg 1115 or the second leg 1120,

;

The sccond great vessel fomb can take the form of any embodiment of the first great vesse

himb 1325, ip a further embodiment, the sceond great vessel limb comprises an oxtension

wa
?4
(+

nlgra

In one embodiment, the second leg 1120 defines at Teast one fenestration.
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in a fourteenth aspect, the invention provides a method for placement of a
debranching stent graft 1100, 1200 according to the thirteenth aspect of the invention,
comprising (a} introducing a guidewire into an aorta via arterial access, (b) loading a delivery
catheter containing a debranching stent graft 1100 according to the thirteenth aspect of the
mvention onto the guidewire, (¢) moving the delivery catheter along the guidewire and
mtroducing the delivery catheter into the aorta via arterial access, and (d) deploying the
debranching stent graft 1180 mto one of the sorta or a lumen of a previously-placed stent
graft, such as a stent graft 400 according to the sixth aspect of the mvention within the aorta.

in one embodiment, the fourteenth aspect further comprises, (2} infroducing a second
guidewire into the aorta via arterial access, {f) loading a sccond delivery catheter containing a
great vessel limb 13235 according to the thirteenth aspect of the inventon onto the second
guidewire, (g} moving the sccond debivery catheter along the second guidewire and
mitroducing the second delivery catheter into a selected leg of the debranching stent graft
1100 via arterial access, and (b} deploying a proximal end 1326 of the great vessel hmb 1325
mto the selecied leg of the debranching stent graft 1100, 1200

In one embodiment, the fourteenth aspect still further comprises, (1) introducing a
third guidewire into the descending aorta via arterial access and 1ot a sciected lumen of the
debranching stent graft according to the thirteenth aspect of the nvention, (§) loading a third
dehivery catheter containing an extension stent graft onto the third guidewire, (k) moving the
third delivery catheter afong the third guidewire and introducing the third delivery catheter
mto the selecied fumen of the debranching stent graft 1100, 1200 via arterial aceess, and (1}
deploying a proximal end of the extension stent graft into the selected humen of the

debranching stent graft 1100, 1200, while the distal end of the extension stent graft extends

into a vessel.
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In a fifteenth aspect, the invention provides a methed for placerment of a debranching

stent graft 1100, 1200 according to the thirteenth aspect of the mvention, comprising (a)
introducing a guidewire into an aortic arch via arierial access, (b} loading a delivery catheter
containing a debranching stent grafl 1100, 1200 according to the thirteenth aspect of the
mvention onto the guidewire, (¢) moving the delivery catheter along the guidewire and
mtroducing the delivery catheter into the aortic arch via arterial access, and (d) deploying the
debranching stent graft 1180, 1200 into one of the proximal descending aorta or a fumen of a
previously-placed stent grafi, such as a stent graft 400 according to the sixth aspect of the
mvention within the proximal descending aorta.

In a sixteenth aspect, as shown in Figure 6, the invention provides a method for
placement of a debranching stent graft 1100, 1200 according to the thirteenth aspect of the
mveniion, comprising (a) introducing a guidewire into an ascending aorta via arterial access,
(b} loading a delivery catheter containing a debranching stent graft 1100, 1200 according to
the thirteenth aspect of the invention onto the guidewire, {¢) moving the delivery catheter
along the guidewire and miroducing the delivery catheter into the ascending aorta via arterial
access, and (d) deploving the debranching stent graft 1100, 1200 into one of the ascending
aorta or a lumen of a proviously-placed stent grafi, such as a stent graft, 400 according to the
aixth aspect of the nvention within the ascending aorta.

in one embodiment, the sixteenth aspect further comprises, (e) introducing a second
guidewire into the ascending aorta via arterial access and into a selected log of the
debranching stent graft 1100, 12090, (f) loading a second delivery catheter containing a great
vessel Hmb 1325 according to the thirteenth aspect of the mvention onto the second

suidewire, (g) moving the second delivery catheter along the second guidewire and

r“

introducing the second delivery catheter into the selected leg of the debranching stent graft

PCT/US2013/036192
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via arterial access, and (h} deploying a proximal end 1326 of the great vesse} limb 1325 into
the selected leg of the debranching stent graft 1100, 1200,

in one embodiment, the sixteenth agpect still further compriscs, (i} introducing a third
guidewire into the ascending aoria via arterial access and into a selecied leg of the
debranching stent graft 1100, 1200 according to the thirteenth aspect of the invention, (§)
leading g third delivery catheter containing an exiension stent graft according to the thirteenth
aspect of the tnvention onto the third guidewire, () moving the third delivery catheter along
the third guidewire and introducing the third debivery catheter into the selected leg of the
debranching stent graft via arterial access, and (1) deploying a proximal end of the exiension
stent graft into the selected leg of the debranching stent graft 1100, 1200, while the distal end
of the extension stent graft extends inio a great vessel.
Debranching Stent Graft Limb and Methods for Use

The debranching stent graft limbs can be used to exclude a discased artery/arteries
mvolving a branched arterial configuration, including any ancurysm of any anatomical
variation or other type of diseased artery or trauwmatic injury. The debranching stent graft
fmbs of the mvention are able to connect to almost any anatomy, and thus provide an ease of
use in a variety of patients.  Dehverance of these debranching stent graft imbs may be in
either an aniegrade or retrograde manner, thus allowing approach 1o almest any diseased
artery. When this debranching stent grafl Hmb is used in combination with an existing aortie
stent grafl platform, one non-limiting erobodiment way be reatment of common tHac
aneurysms in which the stent graft may be oriented within the common ihac artery and the
first and second expandable prostheses extended mio the external and interal ihac arteries,
respectively, to maintain pelvic blood flow.

in a seventeenth aspect, as shown in Figures 14A and 148, the invention provides a

debranching stent graft Hob 1400 comprising, (a) a2 main body stent grafl hmb 1405 witha
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biturcation 1410 defining a frst leg 1415 and a second leg 1420, wherein the main body stent
araft imb 1405 has a distal end 14006 and a proximal end 1407, (b) wherein the main body
stent graft Hiab 1405 has a diameter at the proximal end in the range from about 14 mm to
about 18 mm, (¢} whercin the first leg 1415 has a diameter ranging from about 8 mum to about
12 mm, {d) wherem the second leg 1420 has a diameter ranging from about 6 mm to about 10
mir, and (e} wherein the distance from the proximal end 1407 of the main bedy stent graft
1405 to the distal end 1416 of the first leg 1415 and the second leg 1421 is i the range from
about 70 mum to about 90 yom, and wherein the diameter of the first leg 1415 15 about 2 mm
greater than the diameter of the second leg 1420,

in one preferred embodiment, the diameter of the first leg 1415 is about 10 mnvy and
the diameter of the second leg 1420 1s about § mm. In various embodiments, the diameter of
the first leg 1415 may be between about 8-12 mm, 811 mm, 8-10 mm, 9-10 wmim, 9-11 mm or
9-12 mym. In various embodiments, the diameter of the second leg 1420 may be between
about 6-10 mm, 7-9 mum, 7-8 mm or about 7 mm.

in another preferred ernbodiment, the diameter of the main body stent graft imb 1405
at the proximal end 1497 s about 16 nuw and, n various embodiments, may be between 14-

5-17mm or about 16 mm.

J—
o
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in a further preferred embodiment, the distance from the proximal end 1407 of the
main body stent graft 14405 to the distal end 1416 of the first leg 1415 and the second leg
1421 is 80 mm and, in varicus embodiments, may be between about 70-90 mm, 70-85 mm,
75-85 mm, or 75-90 mm.

in a further preferred embodiment, the distance from the proximal end 1407 of the
main body stent graft 1405 to the bifurcation 1410 is about 40 nun to 60 mm,

in yet another embodiment, the seventeenth aspect further comprises g first imb

expanded within the first Jeg 1415 and coupled to the first leg 1415 via passive fixation and a
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second limb expanded within the second leg 1420 and coupled to the second leg 1420 via
passive fixation.

in an cightoenth aspect, as shown in Figure 15, the invention provides a method for
placement of a debranching stent graft imb 1400 according to the seventeenth aspect of the
mvention, comprising, {2) introducing a guidewire into any appropriately sized branched
arterial configuration 1300 via arterial aceess, (b) loading a delivery catheter containing a
debranching stent graft lob 1400 according to the seventeenth aspect of the invention onte
the guidewire, (¢} moving the delivery catheter along the guidewire and itroducing the
delivery catheter fnto the appropriately sized branched arterial configuration 1500 via arterial
access, and (d) deploying the debranching stent graft Himb 1400 into one of the appropriately
sized branched arterial configuration 1500 and/or a lumen of a previously-placed stent graft,
such as a stent graft according to the fenth, eleventh or thirteenth aspect of the invention.

i one example shown in Figure 15, a main body stent graft 1510 is anchored i non-
discased tissue of the aoria 1505, A bifurcated stent graft 1515 is then deployed within the
fumen of the main body stent graft 1510, with one humen 1516 extending into left common
itiac arfery 1520 and the other lumen 1517 extending within the anecurysmal sac 1506, An
extension stent gratt 1525 is shown deployed within the fumen 1517 within the ancurysmal
sac 1506, The debranching stent grafl Hmb 1400 is shown deployed within the extension
gtenit graft 1525 to bridge the ancurysmal sac 1506 and stent the right external 1liac artery
1501, Inpractice, an additional extension stent graft (not shown) would typically then be
deployed mto the right mternal thac artery 1502, as described below.

In one embodiment, as shown in Figure 15, the cighteenth aspect of the invention

arther comprises (¢ loading a sccond delivery catheter containing a first limb according to

the seventeenth aspect of the invention onto a proximal end of the guidewire, (f) moving the

second delivery catheter along the guidewire and introducing the second delivery catheter
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into the frst leg 1415 of the debranching stent graft Hmb 1400 via arterial access, and {g)
deploymg a proximal end of the first imb nto the first leg 1415 of the debranching stent
graft limb 1400.

In another embodiment, as shown In Figure 15, the eighteenth aspect of the invention

atill further comprises (h) introducing a second guidewire mto the appropriately sized

branched arterial configuration through the second leg 1420 of a debranching stent limb 1400
according to the seventeenth aspect of the mmvention via arterial access, (1) loading a third
delivery catheter containing a second Hmb according to the seventeenth aspect of the
mvention onto the second guidewire, (3} moving the third delivery catheter along the sceond
guidewire and introducing the third delivery catheter into the second leg 1420 of the
debranching stent graft b 1400 via arterial access, and (k) deploying a proximal end of the
sccond hmb foto the second leg 1420 of the debranching stent graft hmb 1400 m the
appropriately sized branched arterial configuration.

in one cmbodiment, the appropriately sized branched arterial configuration comprises
the coramon 1Hac artery.

in a further erobodiment, the tavention further comprises placing an axillary conduit
in the exposed artery in the arm, The axillary conduit serves to stabilize the exposed access
point of the artery for goidewire and catheter entry. The axillary conduoit may be utilized with
any exposed artery aceess point in any of the methods described heremn.

In a nineteenth aspect, the invention provides a method for placement of a
debranching stent graft hmb 1400 according to the seventeenth aspect of the invention,
comprising, (a} introducing a guidewire info a common ihac artery via arterial acecss, (b)
loading a delivery catheter containing a debranching stent graft himb 1400 according to the
seventeenth aspect of the invention onto the guidewire, (¢} moving the delivery catheter along

the guidewire and introducing the delivery catheter into the commuon iliac artery via arterial
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accass, and {d} deploying the debranching stent graft himb 1400 into one of the common iliac
artery and/or a lumen of a previously-placed stent grafl, such as a stent graft according to the
tenth, eleventh or thirteenth aspect of the invention.
Combination Bouble-Barreled and Debranching Stent Grafts and Methods for Use

The combination double-barreled and debranching Great vessel mam body stent grafis
can he used o treat any aneurysm of any anatornical variation or other type of diseased artery

v traumatic mjury. This cornbination stent graft may be used in an antegrade deployment in

the ascending aorta n the normal divection of blood flow. In the antegrade deployment, the
proximal portion of the stent graft can be deployed within one centimeter of the aortic valve
coronary arteries. In this arrangement, one of the first or second lumens of the combination
stent graft is dedicated to the innominate artery, while the other umen is dedicated 1o the left
cormmon carotid and the lett subclavian arteries. Alematively, the stent graft may be used in
a retrograde deployment 1o the aortic arch against the normal direction of blood flow. In the
retrograde deployment, the proximal portion of the combination stent graft can be placed
about 11 cm distal to the left subclavian artery. In this arrangement, one of the first or second
fumens is dedicated to the Great vessels, while the other lumen s dedicated to the ascending
aorta.

In a twentieth aspect, as shown in Figures 16A and 168, the invention provides a stent
graft 1600 comprising, (a) a main body stent graft 1605 defining a smgle fumen and having a
distal end 1606 and a proximal end 1607, (b} a first bifurcation 1610 in the range from about
28 mim to about 30 mm from the proxamal end 1607 of the main body stent gratt 1605
defining a first himen 1615 and a second lumen 1620, wherein the main body stent graft 1608
defines a tobular wall 1625 that is contiguous with the first fumen 1615 and the second lumen

1620 such that any fluid entering the main body stent graft 1605 must exit by entering one of

the first lumen 1615 or the second himen 1620, wherein the main body stent graft 1605 has a
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diameter at the proximal end 1607 in the range from about 40 mm to about 60 mim, wherein
the first hamen 1615 and the second humen 1620 each have a diaroeter in the range from about
18 mum to about 30 ram, wherein the length from the proximal end 1607 of the main body
stent grafl 1605 to the distal end 1621 of the second tumen 1620 is in the range from about 70
mm to about 90 mm, (¢} a second bifurcation 1630 within the second lumen 1620 about 30
mro from the distal end 1621 of the second humen 1620 defining a first leg 1635 and a second
feg 1640, wherein the first leg 1635 and the second log 1640 each have a diameter in the
range from about 14 mm to about 16 mm, and {d) a third bifurcation 1645 within the second
leg 1640 about 20 mm to 30 mm distal fom the second bifurcation 1630 defining a third leg
1650 and a fourth leg 1655, wherein the third leg and the fourth leg each have a diameter in
the range from about 7 mm o about 12 muy, wherein the third leg 1650 and fourth leg 1635
cach have a length in the range from about 20 mm to about 30 mm.

i one embodiment of the twentieth and the twenty-first aspects, the combination
double-barreled and debranching main body stent graft 1600, 1700 can be made by joining a
debranching stent graft to the complete periphery of a distal end of an existing single tumen
main body stent graft and then optionally join the first lumen 1615 and the second lumen
1620 to one another along a shared length. The main body stent graft can be joined with a
debranching stent graft using adhesive, sewing, bonding, or welding, or any other known
mechanism, for example. The same means can be used 1o join the two single lumens along a
shared fength 1660. Alternatively, the main body stent graft and the debranching stent graft
could be manufactured as a single unitary stent gratt. These mechanisms for joining,
securing or attaching stent graft components together prior to n vivo deployment can be used
with any of the aspects for the double-barreled stent grafts, debranching stent grafis or

debranching stent graft limbs disclosed herein.
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In one preferred embediment, the main body stent grafl 16035 has a diameier at the
proximal end 1606 of about 40 nmun and, m varous embodiments, may be between about 40-
60 mm, 45-55 mm, about 50 mm, about 60 mm or about 40 mm. In another preferred
embodiment, the first hymen 1615 has a dameter of about 20 mm and, in various
embodiments, may be between about 18-30 rom, 20-28 mum, 22-26 mmor 24 mm. fna
further preferred embodiroent, the second lumen 1620 bas a dismeter in the tange from about
18 mm to about 28 num and, m various embodiments, may be between about 18-30 mom, 20-
28 mim, 22-26 wom or about 24 wm. In yet another preferred erbodiment, the length from
the proximal end 1607 of the main body stent graft 1605 to the disial end 1621 of the second
fumen 1620 is about 70 mum and, in various embodiments, may be between about 70-96 mm,
73-85 mum, 78-80 mm, 78-75 mum, 70 mun, 75-940 mum, 80-90 mm, 85-90 mm or about 90 mm.
o various embodiments, cach ot the diameters of the first Jeg 1635 and the second leg 1640
may be between about 14-16 mm, 14-15 v, 15-16 mm or about 14 ram. In various
cmbodiments, the third leg 1650 and the fourth leg 1655 each have a diameter in the range
from about 7 mim to about 12 mm and, in various embodiments, may be between about 7-12
wm, #-11 ram, 9-10 mio or about 10mam. fnoa preferred embodiment, the third feg 1650 and
fourth leg 1655 cach have a length of about about 30 mun.

In another preferred embodiment of the twentieth and the twenty-first aspects, the {irst
lumen and the second lumen each retain a substantially cylindrical profile. Inone
embodiment, 3 cylindrical stent structure is disposed on an exterior of the matn bedy stent
grafl to aid the first and second lumens m mamtaining a substantially cyhindrical profile.

In one embodiment, the fivst tumen 1615 15 secured to the second lumen 1620 along a
shared length of about 30 mm. {n anothor embodiment of the twentieth and the twenty-first
aspects, the first umen 16135 and the second lumen 1620 are secured together along the

shared length 1660 via one or more of stitching, adhesive, or bonding. The two lumens are
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secured together in 4 manner that does not substantially deform: the cylindrical shape of the
fumens. This embodiment 15 equally applicable to any aspects of the double-barreled stent
grafts and debranching stont grafts, espocially when a given stent graft is intended foruse as
an anchoring main body stent graft.

in another embodiment, as shown n Figures 17A and 178, the twentieth and the
twenty-first aspect further coraprise a fixation stent 1765 affixed to the proximal end 1707 of
the main body stont graft 1785, This embodiment is equally applicable to any aspects of the
double-barreled stent grafis and debranching stent grafis, especially when a given stent graft
is intended for use as an anchoring main body stent graft.

in a twenty-first aspect, as shown in Figures 17A and 178, the invention provides a
stent graft 1700 comprising, (8} a main body stent graft 1705 defining a single Tumen and
having a distal end 1706 and a proximal end 1707, (b) a first bifurcation 1710 m the range
from about 20 myo to about 30 rom from the proximal end 1707 of the main body steot graft
1705 defining a first lumen 1715 and a second fumenl 720, wherein the main body stent graft
17035 has 4 diameter at the proximal end 1707 in the range from about 40 mm to abowut 60
wm, whevetn the first fumen 1715 has a diameter in the range from about 20 oo to about 30
mm at the first bifurcation 1710 and has a diameter in the range from about 20 mm to 40 mm
at the distal end 1716 of the first humen 1715, wherein the first humen 1715 has a length from
about 50 rom to about 150 num from the first bifurcation 1710 to the distal end 1716 of the
first fumen 1715, wherein the second fumen 1724 has a diameter in the range from about 20
mm to about 30 mm at the frst bifurcation 1714, (¢} a second bifurcation 1730 within the
second turnen 1720 about 30 nun from the distal end 1721 of the second lumen 1720 defining
a first leg 1735 and a sccond log 1740, wherein the first leg 1735 and the second leg 1740
each have a diameter in the range from about 14 mn to about 16 nun, wherein the length

from the proximal end 1707 of the main body stent graft 1705 to the distal end 1741 of the
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17

second lumen’s second leg 1740 1s in the range from about 30 mrm to about 70 mm, and (d} a
third bifurcation 1745 within the first leg 1735 that defines a third leg 1750 and a fourth le
1755, whercin the third feg 1750 and the fourth leg 1755 each have a diamcter of about 7 mm

to about 12 mm, wherein the third leg 1750 and fourth leg 1755 each have a length in the

[@a1

range from about 20 rum to about 30 wmm.

fn various erchodiments, the diameter at the proximal end 1706 of the main body stent

'Jx

graft 1705 may be between about 40-60 mm, 40-55 mam, 40-50 nun, 40-45 mam, 45-55 o
45-60 mm, 50-60 mm, 55-60 mm, about 50 mm, about 64 mm or about 40 om. I various
embodiments, the first Tumen 17135 has a diameter in the range from about 20 mom o0 40 vuo
10 at the distal end 1716 of the first lumen 17135 and, in various embodiraents, may be batween
about 21-45 mm, 22-40 mm, 23-35 mm, 24-30 mm or about 24 mm. In various
embodiments, the fength from the proximal end 17607 of the mam body stent graft 1705 to the
distal end 1721 of the second lumen 1720 may be between about 50-70 mm, 50-65 mm, 50-

60 iy, 50-55 wum, 50 my, 55-780 mm, 60-70 wom, 55-70 mam or about 70 mm. In various

15 embodiments, each of the diameters of the first leg 1735 and the second leg 1740 may be

b

between about 14-16 mo, 14-15 mm, 15-16 mum or about 14 num. In various embodiments,
1o third log 1750 and the fourth leg 1755 cach have a diameter in the range from about 7 mom
to about 12 mm and, in various embodimenis, may be between about 8-11 mm, 9-10 mm or
about 10mm. o apreferred embodiment, the third leg 1630 and fourth leg 1655 cach have a
23 length of about 30 mm,
in one preferred embodiment, the main body stent grafl 1705 defines a tubular wall

1725 that is contiguous with the first humen 1718 and the second umen 17240 such that any
flod entering the main body stent graft 1705 roust exit by entering one of the first tomen

1715 or the second fumen 1720, This tubular wall 1725 forms a compiete seal with the aortic

wall.
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In one embodiment, the first fumen 1715 is secured to the second umen 1720 along a
shared length 1760 from the first bifurcation 1710 to the third bifurcation 1749,

in one embodiment, shown in Figure 18, the twenticth and/or the twenty-first aspec
further comprise a stent valve 1800 affixed to the proximal end 1707 of the nwin body stent
graft 1703, where a free end 1801 of the stent valve 1800 is covered and a portion of the stent
valve 1802 extending between the free end 1801 and the proximal end 1707 of the main body
stent graft 1705 is uncovered. in this embodiment, the free covered end 1801 of the stent
vatve 1800 Hes in the aortic outflow tract 1805, while the uncovered portion 1802 of the stent
valve 1800 lays across the coronary arteries 1810 permitting blood flow 1o continuc in a
normal manoer.

In a twenty-second aspect, the mvention provides 8 method for placement of a stent
graft 1600, 1700 according to one of the twentieth or twenty-first aspects of the invention,
comprising, (2} introducing a guidewire into a thoracic aorta via arterial access, (b) loading a

5
H
1

delivery catheter containing a stent graft 1600, 1700 according to one of the twentieth or
twenty-first aspects of the invention onto the guidewire, (¢) moving the dehivery catheter
along the guidewire and mmtroducing the delivery catheter info the thoracic sorta via arterial
access, and (d) deploying the stent graft 1600, 1700 mto the thoracic aorta.

In a twenty-third aspect, the invention provides a method for placement of a stent
graft 1600, 1700 according to one of the twentleth or twenty-first aspects of the mvention,
coraprising, {a} introducing a guidewire into an aortic arch via arterial access, {b) lnading a
delivery catheter contaming a stent graft 1600, 1700 according to one of the twentieth or
twenty-first aspects of the mvention onto the guidewire, (¢) moving the dehvery catheter
along the guidewire and introducing the delivery catheter into the aortic arch via arterial

access, and (d) deploying the stent graft 1600, 1700 inte a proximal descending aorta,
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In a twenty-fourth aspect, as shown in Figure 18, the invention provides a method for
placement of a stent 1600, 1700 according to one of the twentieth or twenty-first aspects of
the invention, comprising, {a) introducing a guidewire into an ascending aorta 1800 via
arterial access, (b) loading a delivery catheter containing a stent grafl 1600, 1700 according to
one of the twentieth or twenty-first aspects of the invention onto the guidewire, (¢) rooving
the delivery catheter along the guidewire and introducing the delivery catheter into the
ascending aorta 1800 via arterial access, and {d} deploying the stent grait 1600, 1700 into the
ascendimg aovta 1800.

Although specific embodiments have been tllustrated and deseribed herein, it will be
appreciated by those of ordinary skill in the art that any arrangement that is calcolated to
achieve the same purpose may be substituted for the specific embodiments shown. This
application is mtendod to cover any adapiations or vanations of erobodiments of the present
mvention. [tis to be understood that the above description is intended to be illustrative, and
not restrictive, and that the phraseology or terminology employed herein is for the purpose of
description and not of Hmitation. The above embodiments and other embodiments may be
combined as 15 apparent to those of skill n the art upon studying the above description,
undess noted otherwise. For exarple, each of the aspects drawn to double-barreled stent
grafts could be deployed within any of the debranching stent grafts. Likewise, any of the
debranching stent graft Himbs could be deployed within any of the debranching stent grafts.
The scope of the present tnvention includes any other applications in which embodiment of
the above structures and deployment methods are used. The scope of the smbodiments of the
prosent invention should be determined with reference to claims associated with these

embodiments, along with the full scope of cquivalents to which such claims are entitled,
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Asg used herein, the singular forms "a," "an” and "the" include plural referents unless
the context clearly dictates otherwise. “And” as used herem s mterchangeably used with
“or’” unless expressly stated otherwise.

All embodiments within and between different aspects of the invention can be
combined unless the context clearly dictates otherwise.

Example 1: Endovascalar De-branching of a Theraco-Abdeminal Aneurysm

The ultimate vascular procedure is the open repair of the Thoracic Abdominal
Anewrysm (TAA}. The undertaking of such a procedure, is a challenge for the surgeon,
surgical team, the institution where these procedures are perforoed, but none of this
compares to the challenge the patient and their family endures to recover from such an
mvasive procedure.

There have been several surgical approaches to this procedure. There are only a few
sites in the country that can offer an open TAA repair with acceptable complication rates. A
newer surgical approach is de-branching, with cither concurrent or delayed stenting.  This
approach may have reduced many of the major complication rates but has its own other major
complications. Auy surgeon performung this surgery understands that this s a very arduous

urgery and the patient has a very challenging recovery, A fenestrated stent grafling is
newer, less invasive method for repair of the TAA. These custom miade grafts are cither
constructed on the back table in the operating room or special order. These are technically
very challenging cases that are performed at a select nurnber of centers,

A mimmally invasive debranching of the TAA via bilateral fermoral and one axillary
artery exposure was recently performed:

A visceral doublebarreled main body stent graft was constructed, with one barrel
dedicated to stent the visceral segment, while the other barrel was dedicated to the

revascularization of the mfra-renal aorta.
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A viseeral graft was constructed by modifying a standard bifurcated stent grafl.
Modifications were made to the ipsilateral and contralateral hmbs of the stent graft. Two 6
mm sclf-expandable covered stents were sewn to the ipsilateral limb and two 7 mom self-
expandable covered stents were sewn to the coniralateral imb. The newly constructed
debranching visceral stent graft was re-sheathed by constraming the debranching visceral
stent graft with spirally wrapping wire around the stent grafl’s exterior.

The visceral double-barreled stent graft and debranching visceral stent graft were re-
sheathed. The visceral double-barreled stent graft was then positioned and deploved within
the thoracic aorta. The debranching visceral stent graft was then positioned and deployved
within a lumen of the visceral double-barreled main body stent graft, with the distal point of
the debranching visceral stent grafi about 4 cm above the osteol of the celiac artery.

From an arro approach {axillary artery with a conduit), individual sclection of each
renal artery was possible from one of the two 6 mm covered stents. Covered extension stent
grafls were deployed from the debranching visceral stent graft to cach renal artery. The same
techmque was used for the superior mesenteric artery (“"SMA”) and celiac artery through the
7 mun stent graft off of the short leg of the debranching visceral stent graft. With the visceral
segment de-branched, we extended the open barrel of the visceral double-barreled main body
stent graft to an infra-renal position, and the remaining part of the surgery was a standard
mira-renal endovascular aortic repair ("EVAR™)L

The advantage of such an approach allows a less invasive approach to a very
challenging surgical problem. The present invention provides a much more versatile
approach that can handle an almost infinite anatomic configurative without custonuzed graft

construction.
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Example 2: Endovascuiar De-branching of a Theraco-Abdominal Aneurysm

Endovascular reparr of mira-renal abdominal aneurysms has become an accepted
alternative to traditional open surgical repair. Those technigues allow for shorter hospital
stays following a less invasive procedure and initially reduced morbidity and mortality in
patients. However, endovascular repair using stent grafis has been slow to overtake open

surgical repair as the standard treatment for thoracoabdominal aottic ancurysms (TAA) due to

anatomical restrictions and the high cost of custom stent grails to accommodste individual
aneurysm cases. The case presented here represents a method of endobuminal repair of TAA

With the paticnt under general anesthesia, standard groin and right axillary incisions
were made, exposing the vessels, This allowed the right/left common femoral arteries o be
accessed with a 5 French sheath and measuring pigilail catheter to allow for angiograms to be
performed to define the patient’s specific anatomy. At this pomt, two grafls were
constructed. One was a visceral double-barceled main body stent graft and the other was a
debranching visceral stent graft. The visceral double-barreled main body stent graft was
constructed from a 100 pun thoracic stent graft by sewing a seam vertically up the graft for
70 num, thus creating a double-barrel configuration. The debranching visceral stent graft was
made from a standard main body bifurcated graft with two self-cxpanding covered stent
grafts sewn to cach Hmb; this created a total of four stents staggered two proximal and two
distal to the ipsilateral and contralateral mbs. Onee sewn, the debranching visceral stent
graft was re-constrained using 20 gauge surgical wire and re-sheathed. During this process,
care was laken to maintain the onientation markers.

The visceral double-barveled stent graft was placed approximately 11 em above the
celiac artery. The debranching viscoral stent graft was then inserted through the lumen of one

ot the barrels of the visceral double barrel stent graft, with approximately 4-5 cm of overlap.

[op
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The distal visceral Bmbs were placed 4 cm above the celiac artery 1o allow adequate room for
cannulation of the visceral segraent vessels.

A 10-mm Dacron graft was sewn as a conduit off the right axillary artery alfowing
access through a sheath to the descending acrta. The open barrel of the visceral double-
barreled main body stent graft was selected for the pigtail catheter placement and eventually
for the infrarenal segment. An 8§-nmuo long French sheath was brought 1o from the axillary
conduit. Through the ndividual limbs of the debranching visceral stent graft, the celiac,

£ fen
H

SMA, and renal arteries were stented.  Upon stenting of four visceral arteries, the open barrel
of the visceral double-barrcled main body stent graft was extended to an infrarenal position
using a siraight thoracic stent graft. At this point, a standard infrarenal endoluminal
abdominal aortic aneurysm repair was performed.

Throughout the procedure, the patients were heparinized and sient-graft contact pomnis
were angioplastied. Completion angiograms were performed and the right axillary conduoit
was oversewn. The patients were protected with a turnbar drain in the vsual manner with
special attention to adequate spinal perfusion via control of spinal fluid pressures and mean
artertal pressures.

Following the procedure, the patients were transferred to the ICU for close monitoring
with a spinal drain in place. The spinal drain remained in place for 48-72 hours and apon its
removal the patients were advanced to normal activity. By the fourth day of the hospital stay,
they were doing well, remained neurclogically intact and were getting ready for discharge.
One month follow up revealed the patients were doing well.

The conventional open thoracoabdominal approach for handling thoracoabdominal
ancurysms is challenging for all involved including surgical staff, post-surgery nursing staff

and cspecially the patients, Significant complications of the open approach can include

[op
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paraplegia, renal failore, and death. This has led to the exploration and acceptance of other
techmgques.

Open debranching folowed by cither concurrent or delayed stent-grafiing has been
performed and been shown 1o be successful with some reduction in complication raies.
However, these remain ardoous surgeries for staff and patients with significant
coroplications. Newer technigues using fenesirated grafts are on the horizon. Unformmnately,
these newer methods are geared towards juxtarenal aneurysms. Classic thoracoabdominal
aneurysms extending from the mid thoracic more distally are still seldom approachable
endovascularly by current technologies.

in the casecs above, a compleie endo-debranching was performed, which demonstrates
the application of a viable alternative which preserves visceral and infrarenal blood flow with
minimal insul to the patient. The advantages of this approach are its versatility with regards
to anatoroical variations and its inherent redundancics with regard to dealing with chalienges
through the operative procedure.

Example 3: Endovasceualar De-branching of a Thoracic Aneurysm

The patient 15 a 47-year-old foemale who presented with a symptoroatic thoracic
dissection with large thoracic ancurysm, type A dissection, with unfortunate significant
ancurysimnal changes throughout the entire Iength down into her thiac artery. Her visceral
segment came off of a true lumen.

The patient was placed in a supine position and the neck, chest, arms, and groins werg
prepped and draped in 8 normal sterile manner. The left comivon, mternal and external
carotid arteries were dissected out with a longitudinal fncision in a standard manner and
circumferentially controlicd. A longitudinal incision was made over the brachial artery and
dissected down to the left brachial artery with circumferential control. A vertical incision

was made n both the right and left groin, dissected down to the common femoral, deep
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femoral, and superficial femoral arteries with ciroumferential control. The focus then shifted
to the patient’s right side where a transverse supraciavicular incision was made and dissection
was carried down to the subclavian artery which was exposed proximally and distally.

At thix point, the patient was heparinized. A 10-mm condult was sewn onto the
subclavian artery in an end-to-side manner. Onee the conduit had adequate hemostasis,
access was gained to the right common femoral artery and left common fomoral artery with a
pigtaii catheter placed up nto the aortic arch, from right coramon femoral artery access.
Wires and catheters were placed from the left brachial artery, as well as from the left
conunon carotid artery. Carc was taken to select true luren with the dissection in the left
cominon carotid artery. This was done with vltrasound guidance, and wires were placed in
the ascending aorta from the access points,

With the wires m place, the focus shifted to the aortic arch double-barreled mam body
stent graft, which was created by modification of a 40-mm Valiant stent graft on the back
table prior to induction. This aortic arch double-barreled main body stent graft was then
positioned in the correct orientation from right subclavian artery access and deployed, with a
guidewire in one of the double-barrel fumens. The deployment was performed with holding
respirations and with rapid pacing. The right commaon femoral artery was then used as the
access point to sclect the other double-barrel humen of the stent graft.

From here, we once again moved back to the right subclavian artery access and
positioned and deployed the debranching Great vessel stent graft, This stent grafl was
modified from a standard mam body 20-mm grafi on the back table prior to mduction. The
individual lega/timbs of the debranching Great vessel stent graft were then selected retrograde
from the loft common carotid artery and from the left subclavian artery.

Intravascutar vltrasound (“TVUS™) was introduced to verify correct fumen selection.

The left subclavian access was in the meorrect lumen. So an Ommi Flosh catheter was used
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from the right subclavian artery to retrograde select the subclavian Viabahn branch in an up-
and-over technique. From the left subclavian, this wire was then snared. In a through-and-
through manner, a wire was passed into the dedicated 10-mm Viabahn lirob of the
debranching (Great vessel stent grafl. This was then confirmed with IVUS. 1CAST 10-mm
gtenits were then used to stent from the debranching Great vessel stent grafl to the subclavian
artery on the left side. This stent graft was smoothed out with a 14 x 60 self-expanding stent.

Then an 18 x 150 thoracic stent graft extender was brought from the right common
fermoral artery up and over a very steep aortic arch for placement. This pushed the aortic arch
double-barreled main body stent graft (without a stent valve attached) down towards the
coronary arteries. The patient remained stable through this process. Balloons were placed
{from both the arm and the groin fnto the double-barrel lumens and the main body. The aortic
arch double-barreled mamn body stent graft was repositioned back up into the correct location.
At this point, 2 16 x 20 x 82 nnonunate stent graft was placed from the innominate portion of
the debranching Greai vessel stent grafl into the innominate artery. This was extended with a
23-mm Gore cutl and demonstrated good blood flow. The position was then re-locked with
the balloon 1 the proximal portion of this stent graft and the 18 x 150 thoracic stent grafi
extender was re-advanced and positioned in a lumen of the aortic arch double-barrel main
body stent graft and through the aortic arch. An additional 30 x 150 stent graft extender was
placed within the thoracic stent graft extender and contact points were angioplastied.

Froma here, the connection between the feft common carotid and the debranching
(real vessel stent graft was completed with 10 mm 1CAST stent grafts. These were
smoothed out with 12 and 14 mm self-expanding stents. The thoracic aortic arch was
completely debranched with good flows and equal pressures in both artery lines, right and

left.
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Next an angiogram was performed on the infrarenal aorta. A dissection was identified
into the left common iliac artery. This was then excluded using kissing 16 mm stent grafts
extending from the distal aorta into the common iliac artery right to the internal iliac
bilaterally, and these points were angioplastied with very good results, and dopplerable
signals.

The catheter, wires, and sheaths were removed. The brachial artery on the left side
was closed with interrupted 7-0 Prolene®. The left common carotid sheath site was closed
with interrupted 6-0 Prolene®. The right subclavian conduit was stapled off with an Endo
GIA stapler. The groin artery sheaths were removed and these were closed with interrupted 4-
0 Prolene®. With adequate hemostasis at all sites, the patient's heparinization was reversed.

The incisions were irrigated and closed in layers in a standard manner. The neck
incision was reapproximated with running Vicryl® and drains were placed in both neck
incisions. The subclavian incision on the right side was also sewn with Vieryl®, while the
arm incision on left and the groin incisions were closed with staples.

Angiographic findings demonstrated a patent aortic arch, patent Great vessels with a
very large dissection and aneurysmal changes. After stent grafting as described above, there
was retained flow to the right innominate, the right common carotid, the left common carotid,
the left subclavian, as well as the vertebral arteries. There was also retained flow to the
descending aorta and the distal segment with retained flow to the lower extremity, common

iliac arteries, internal and external iliac arteries. There was still faint filling of the dissection.
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We Claim

l. A debranching stent graft comprising:

a main body stent graft with a first bifurcation defining a first leg and a second leg,
wherein the main body stent graft has a distal end and a proximal end; wherein the main body
stent graft has a diameter at the proximal end in the range from about 18 mm to about 28 mm;
wherein the first leg and the second leg each have a diameter in the range from about 12 mm
to about 18 mm; wherein the distance from the proximal end of the main body to a distal end
of the first leg is in the range from about 30 mm to about 50 mm; and wherein the distance
from the proximal end of the main body to a distal end of the second leg is in a range from
about 50 mm to about 70 mm; and a first great vessel limb joined with one of the first leg or
the second leg in a unitary configuration; wherein the first great vessel limb has a bifurcation
defining a third leg and a fourth leg.

2. The debranching stent graft of claim 1, wherein the diameter of the main body stent
graft at the proximal end is about 25 mm.

3. The debranching stent graft of any one of claims 1-2, wherein the first bifurcation
occurs in the range from about 20 mm to about 45 mm from the proximal end.

4. The debranching stent graft of claim 1, wherein the first great vessel limb is joined
with one of the first leg or the second leg via a seam.

5. The debranching stent graft of claim 4, wherein the first great vessel limb has a
diameter at a proximal end in the range of about 14-16 mm.

6. The debranching stent graft of any one of claiﬁs 4-5, wherein the first great vessel
limb has a length about 30 mm.

7. The debranching stent graft of any one of claims 4-6, wherein the bifurcation occurs

approximately at the seam.

CA 2885697 2019-06-06
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8. The debranching stent graft of claim 7, wherein cach of the third leg and the fourth
leg have a diameter in the range from about 7 mm to about 12 mm.
9. The debranching stent graft of any one of claims 7-8, wherein the main body stent
graft has a diameter at the proximal end in the range from about 20 mm to about 28 mm,
wherein the first bifurcation occurs in the range from about 25 mm to about 45 mm from the
proximal end of the main body stent graft, wherein each of the third leg and the fourth leg
have a diameter in the range from about 8 mm to about 12 mm.
10.  The debranching stent graft of any one of claims 7-9, further comprising:

a radiopaque band disposed at the distal end of each of the first leg, the third leg and
the fourth leg.
11.  The debranching stent graft of any one of claims 1-10, wherein the main body stent
graft has a diameter at the proximal end in the range from about 20 mm to about 26 mm.
12.  The debranching stent graft of any one of claims 1-11, wherein the main body stent
graft has a diameter at the proximal end in the range from about 22 mm to about 25 mm.
13.  The debranching stent graft of any one of claims 1-12, wherein the main body stent
graft has a diameter at the proximal end in the range from about 24 mm to about 25 mm.
14.  The debranching stenf graft of any one of claims 1-2 and 4-13, wherein the first
bifurcation occurs in the range from about 20 mm to about 50 mm from the proximal end.
15.  The debranching stent graft of any one of claims 1-14, wherein the first bifurcation
occurs in the range from about 25 mm to about 40 mm from the proximal end.
16. The debranching stent graft of any one of claims [-15, wherein the first bifurcation
occurs in the range from about 30 mm to about 35 mm from the proximal end.
17.  The debranching stent graft of any one of claims 1-16, wherein the first bifurcation

occurs at about 30 mm from the proximal end.
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18.  The debranching stent graft of any one of claims I-17, wherein the first leg and the
second leg each have a diameter in the range from about 13 mm to about 17 mm.
19.  The debranching stent graft of any one of claims 1-18, wherein the first leg and the
second leg each have a diameter in the range from about 14 mm to about 15 mm.
20. The debran-ching stent graft of any one of claims 1-18, wherein the first leg and the
second leg each have a diameter in the range from about 14 mm to about 16 mm.
21.  The debranching stent graft of any one of claims 1-20, wherein the second leg defines
at least one fenestration.
22.  The debranching stent graft of any one of claims 1-21, further comprising:

a plurality of bi-directional anchor hooks attached to two adjacent stents at the
proximal end of the main body stent graft.
23.  The debranching stent graft of any one of claims 1-22, further comprising:

one or more radiopaque markers affixed to the main body stent graft.
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