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STENT GRAFT WITH INTERNAL TUNNELS AND
FENESTRATIONS AND METHODS OF USE

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Nos.

62/318,447; filed April 5, 2016, 62/319,434, filed April 7, 2016 and 62/335,284, filed May

12, 2016. The entire teachings of the above applications are incorporated herein by

reference.

BACKGROUND

[0002] Aortic disease, including aneurysms, penetrating atherosclerotic ulcers and

dissections can be life-threatening conditions that occur in different regions of the body.

Thoracoabdominal aortic disease generally occurs at the level of the crura of the diaphragm

and extends for varying distances proximally, distally or both proximally and distally from

the crura. Currently, treatment of thoracoabdominal aortic disease includes, for example,

open repair in which the affected portions of the aorta are surgically exposed, or less invasive

endovascular repair or hybrid approaches that combine open repair and endovascular

treatment. Re-routing of blood vessels that branch from the thoracic and abdominal aorta can

be required to maintain perfusion of and prevent damage to organs in the vicinity of the

thoracoabdominal disease. Patients undergoing thoracoabdominal aortic repair are,

consequently, at high risk for surgical complications.

[0003] Therefore, a need exists for new and improved endovascular repair devices and

methods to treat thoracoabdominal aortic disease that improve the efficiency and accuracy of

endovascular repair and overcome or minimize the above-referenced problems.

SUMMARY OF THE INVENTION

[0004] The present invention relates to vascular repair devices and methods of using the

vascular repair devices to treat aortic vascular damage, such as vascular damage associated

with thoracoabdominal aortic disease, including aneurysms, penetrating atherosclerotic ulcers

and dissection.



[0005] In an embodiment, the invention is a thoraco-abdominal branch graft prosthesis,

comprising a main graft component having a luminal wall defining an open proximal end, an

open distal end opposite the open proximal end, a main lumen extending from the open

proximal end to the open distal end, and at least one main graft wall fenestration. At least

one tunnel graft component has a luminal tunnel graft wall defining, at least in part, a tunnel

graft proximal end, a tunnel graft distal end opposite the tunnel graft proximal end, a tunnel

graft lumen extending from the tunnel graft proximal end to the tunnel graft distal end, and at

least one tunnel graft fenestration in the tunnel graft wall, wherein the tunnel graft component

is within the main lumen and a major longitudinal axis of the tunnel graft lumen is

substantially aligned with a major longitudinal axis of the main lumen, and wherein the

luminal wall of the tunnel graft component is fixed to the luminal wall of the main graft

component, whereby the fenestration of the tunnel graft wall is aligned with the fenestration

of the luminal wall.

[0006] In another embodiment, the invention is a method of implanting a thoraco

abdominal branch graft prosthesis. A thoraco-abdominal branch graft prosthesis is delivered

through a blood vessel to a thoraco-abdominal aneurysm site in a patient. The thoraco

abdominal branch graft prosthesis includes i) a main graft component having a luminal wall

defining, at least in part, an open proximal end, an open distal end opposite the open proximal

end, a main lumen extending from the open proximal end to the open distal end, and at least

one main graft wall fenestration; and ii) at least one tunnel graft component having a luminal

tunnel graft wall defining a tunnel graft proximal end, a tunnel graft distal end opposite the

tunnel graft open proximal end, a tunnel graft lumen extending from the tunnel graft proximal

end to the tunnel graft distal end, and at least one tunnel graft fenestration in the tunnel graft

wall, wherein the tunnel graft component is within the main lumen and a major longitudinal

axis of the tunnel graft lumen is substantially aligned with a major longitudinal axis of the

main lumen, and wherein the luminal tunnel graft wall of the tunnel graft component is fixed

to the luminal wall of the main graft component, whereby the fenestration of the luminal

tunnel graft wall is aligned with the fenestration of the main wall, wherein the at least one

main wall fenestration is substantially aligned with at least one branch vessel of the patient at

the thoraco-abdominal aneurysm site. At least one branch prosthesis is inserted through at

least one main wall fenestration and at least one tunnel graft fenestration within the lumen of

the at least one tunnel graft component, the at least one branch prosthesis having an open



distal end and an open proximal end. One of the distal end or the proximal end of the at least

one branch prosthesis is inserted into at least one branch vessel of the patient at the thoraco

abdominal aneurysm site.

[0007] The thoraco-abdominal branch graft prosthesis of the invention has several

advantages including, for example, the advantage of providing access by the surgeon from a

caudal or cranial position relative to the site of the thoraco-abdominal aneurysm, thereby

enabling a surgical approach specific to the patient, including the surgical site, degree of the

aneurysm and morphology of side vascular branches.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing will be apparent from the following more particular description of

example embodiments of the invention, as illustrated in the accompanying drawings in which

like reference characters refer to the same parts throughout the different views. The drawings

are not necessarily to scale, emphasis instead being placed upon illustrating embodiments of

the present invention.

[0009] FIG. 1 is a perspective view of one embodiment of a thoraco-abdominal graft

prosthesis of the invention.

[0010] FIG. 2 is a side view of one embodiment of a thoraco-abdominal graft prosthesis

of the invention after implantation in a subject.

[0011] FIG. 3 is a side view of one embodiment of a thoraco-abdominal graft prosthesis

and branch prosthesis of the invention after implantation in a subject.

[0012] FIGs. 4A-4B are side views of one embodiment of a thoraco-abdominal graft

prosthesis of the invention rotated 90° about a major longitudinal axis in sequence from FIG.

4A to 4B.

[0013] FIG. 5 is a side view of the thoraco-abdominal graft prosthesis of FIGs. 4A-4B, at

an aneurysm site.

[0014] FIGs. 6A-6B are side views of yet another embodiment of the thoraco-abdominal

graft prosthesis of the invention rotated 90° about a major longitudinal axis in sequence from

FIG. 6A to FIG. 6B.

[0015] FIG. 7 is a side view of the embodiment of FIGs. 6A-6B at an aneurysm site.



DETAILED DESCRIPTION OF THE INVENTION

[0016] The invention is generally directed to prostheses for use in treating vascular

disease, such as implantation of the prostheses a site of an aortic aneurysm.

[0017] The features and other details of the invention, either as steps of the invention or

as combinations of parts of the invention will now be more particularly described and pointed

out in the claims. It will be understood that the particular embodiments of the invention are

shown by way of illustration and not as limitations of the invention. The principle features of

this invention can be employed in various embodiments without departing from the scope of

the invention.

[0018] A description of example embodiments of the invention follows.

[0019] When reference is made herein to a prosthesis to be delivered, or implanted in a

patient, such as a vascular repair device, the word "proximal" means that portion of the

prosthesis or component of the prosthesis that is closer along the path of flow of blood to the

heart of the patient and "distal" means that portion of the prosthesis or component of the

prosthesis that is further along the path of flow of blood from the heart of the patient.

[0020] When, however, reference is made to a delivery system or a component of a

delivery system employed to deliver, or implant a vascular repair device, such as a nose cone

or handle of a delivery device, the word, "proximal," as employed herein, means closer to the

clinician using delivery system. Likewise, "distal" means, when reference is made to a

delivery system or a component of a delivery system, such as a nose cone or handle of a

delivery device, further away from the clinician using the delivery system.

[0021] For clarity, the word "proximate" means close to as opposed to the meanings

ascribed to "proximal" or "distal" as described above with respect to either the vascular repair

device or delivery system.

[0022] In one embodiment, the thoraco-abdominal branch graft prosthesis is a bifurcated

thoraco-abdominal branch graft prosthesis, as shown in FIGs. 1-3. Thoraco-abdominal

branch graft prosthesis 10 includes main graft component 1 having luminal wall 14 defining

open proximal end 16, at least one open distal end 18 (in the case of a branch graft prosthesis

10, such as a bifurcated graft prosthesis, there are a plurality of distal open ends 18, as

shown), opposite open proximal end 16, main lumen 20 extending from open proximal end

16 to open distal end 18, and at least one main graft wall fenestration 22. At least one tunnel

graft component 24 has tunnel graft luminal wall 26 defining tunnel graft proximal end 28,



tunnel graft distal end 30 opposite tunnel graft proximal end 28, tunnel graft lumen 32

extending from tunnel graft proximal end 28 to tunnel graft distal end 30, and at least one

tunnel graft fenestration 34 in tunnel graft luminal wall 26, wherein tunnel graft component

24 is within the main graft lumen 20 and major longitudinal axis 36 of tunnel graft lumen 32

is substantially parallel to major longitudinal axis 38 of the main lumen 20, and wherein

tunnel graft luminal wall 26 of tunnel graft component 24 is fixed to luminal wall 14 of main

graft component 12, whereby fenestration 34 of tunnel graft luminal wall 26 is aligned with

the main graft wall fenestration 22.

[0023] As shown in FIGs. 1-3, in an embodiment, thoraco-abdominal branch graft

prosthesis 10 includes at least two tunnel graft components 50,54. In one such embodiment,

thoraco-abdominal branch graft prosthesis 10 includes three tunnel graft components

50,52,54, wherein tunnel graft components 50,54 are located essentially opposite each other

within main lumen 20 of main graft component 12, and wherein fenestrations 34,59 of two

tunnel graft components 50,54, respectively, are located at about the same distance from open

proximal end 20 of main graft component 12, and wherein third tunnel graft component 52 is

at a portion of the main graft component 12 that is between tunnel grafts 50,54, respectively,

and wherein open proximal end 53 of third tunnel graft 52 is proximal to open proximal ends

27,29 of tunnel graft components 50,54, respectively. Third tunnel graft component 52

defines two wall apertures 56,58 that are essentially parallel to major longitudinal axis 6 1 of

third tunnel graft component 52, and wherein wall apertures 56,58 are aligned with wall

apertures defined by stent graft component 12.

[0024] Thoraco-abdominal branch graft prosthesis 10 of the invention can further include

bare stent 60 extending proximally from open proximal end 16 of main graft component 12,

as shown in FIGs. 2 and 3 . Bare stent 60 includes barb 62 proximate to or at at least one of

proximal apices 63 of bare stent 62 or distal apices 64 of bare stent 60.

[0025] At least at one of tunnel graft proximal end 28 and tunnel graft distal end 30 of the

at least one tunnel graft 50,54 is secured to main graft component 12, as shown in FIGs. 4, 5,

7 . Tunnel grafts 50,52,54 are secured to main graft component 12 by, for example, a suture,

bioadhesive material or another suitable material, as is known in the art.

[0026] In an embodiment, main tunnel graft component 12 can be bifurcated, as shown in

FIGs. 1-3, or non-bifurcated, as shown in FIGs. 4A through 7 .



[0027] In another embodiment, and referring to FIGs. 2 and 3, the invention is a method

of implanting a thoraco-abdominal branch graft prosthesis 10, comprising the steps of

delivering thoraco-abdominal branch graft prosthesis 10 through blood vessel 40 to thoraco

abdominal aneurysm site 42 in a patient. Thoraco-abdominal branch graft prosthesis 10

includes the components as set forth above with respect to FIG. 1 . Main graft component 12

has luminal wall 14 defining an open proximal end 16, open distal end 18 opposite open

proximal end 16. Main lumen 20 extends from open proximal end 16 to open distal end 18.

At least one main graft wall fenestration 22 is defined by luminal wall 20. At least one tunnel

graft component 20 has tunnel graft luminal wall 26 defining tunnel graft proximal end 28.

Tunnel graft distal end 30 is opposite tunnel graft proximal end 28. Tunnel graft lumen 32

extends from tunnel graft proximal end 28 to tunnel graft distal end 30. At least one tunnel

graft fenestration 34 is defined by tunnel graft luminal wall 26. Tunnel graft component 24 is

within main graft lumen 20. Major longitudinal axis 36 of tunnel graft lumen 32 is

substantially parallel to major longitudinal axis 38 of main graft lumen 20. Luminal wall 26

of tunnel graft component 24 is fixed to luminal wall 14 of main graft component 12,

whereby fenestration 34 of tunnel graft luminal wall 26 is aligned with fenestration 22 of

main graft luminal wall 14. At least one of tunnel graft main graft wall fenestration 22 is

substantially aligned with at least one branch vessel 65 at the thoraco-abdominal aneurysm

site.

[0028] At least one branch prosthesis 46 is inserted through at least one main graft wall

fenestration 22 and at least one tunnel graft fenestration 34, and within the lumen of at least

one tunnel graft component, the at least one branch prosthesis 46 having an open distal end

48 and an open proximal end 50; and the distal end 48 of the at least one branch prosthesis 46

is inserted into at least one branch vessel 65 at the thoraco-abdominal aneurysm site 42 (see,

for example, FIG. 3). Branch prosthesis 46 can be inserted through main graft wall

fenestration 22 either from within main graft component 12, or from outside main graft

component 12.

[0029] The thoraco-abdominal branch graft prosthesis of the invention has the advantage

of permitting access by the surgeon from a caudal or cranial position relative to the site of the

thoraco-abdominal aneurysm (FIGs. 2, 3), thereby providing greater flexibility in a surgical

approach depending upon the patient, site, degree of the aneurysm and morphology of the



side branches. Tunnel graft component 24 of the main graft component 12 permits docketing

to secure a branch prosthesis (FIG. 3).

[0030] In another embodiment, shown in FIGs. 4A-B, and 5, main graft component 100

has midsection 102 having a diameter that is smaller than at least one of the end 104,106 of

main graft component 100 to facilitate cannulation of the branch prosthesis. Narrower

midsection 102 allows for more room to maneuver a guide wire or guide catheter through

tunnel graft components 108,1 10 and main graft wall fenestration 112 in main graft wall 114

to tunnel grafts 116. Main graft component that includes a narrower midsection 102 can be

bifurcated (not shown) or non-bifurcated (FIGs. 4A, 4B and 5). In the case of a branch graft

prosthesis 100, such as a bifurcated graft prosthesis, a plurality of at least one end 104,106

includes a midsection 102 has a diameter that is smaller than at least one end 104,106.

[0031] In yet another embodiment, shown in FIGs. 6A, 6B and 7, main graft component

120 includes tapered distal end 122 that has a smaller diameter than proximal end 124. This

embodiment, like that shown in FIGs. 4A, 4B, and 5, has the advantage of facilitating

cannulation of branch prostheses 126, 128 through main graft fenestrations 130 to tunnel

graft 132. Main graft component that includes tapered distal end 122 that has a smaller

diameter than proximal end 124, and which can be bifurcated (not shown) or non-bifurcated

(FIGs. 6A, 6B and 7). In the case of a branch graft prosthesis 120, such as a bifurcated graft

prosthesis, with a plurality of distal ends (not shown) tapered distal end 122 has a smaller

diameter proximal to or at about the location of branching of the graft prosthesis.

[0032] Vascular repair devices of the invention can be implanted, for example, by

transfemoral access. Additional vascular repair devices that are directed into the vascular

repair devices of the invention can be implanted, for example, by supraaortic vessel access

(e.g., through the brachial artery), or by transfemoral access or access from some other

branch or branches of major blood vessels, including peripheral blood vessels.

[0033] The relevant teachings of all patents, published applications and references cited

herein are incorporated by reference in their entirety. The relevant teachings of U.S. Patent

Nos. 8,292,943; 7,763,063; 8,308,790; 8,070,790; 8,740,963; 8,007,605; 9,320,631;

8,062,349; 9,198,786; 8,062,345; 9,561,124; 9,173,755; 8,449,595; 8,636,788; 9,333,104;

9,408,734; 9,408,735; 8,500,792; 9,220,617; 9,364,314; 9,101,506; 8,998,970; 9,554,929;

9,439,751 and U.S. Patent Application Nos. 14/226,005; 14/675,102; 15/099,974;

15/040,460; 14/575,673; 14/924,102; 15/166,818; 15/167,055; 14/736,978; 13/454,447;



15/384,663; 13/788,724; 15/417,467; 15/230,601; 14/272,818 and 14/861,479 are also

incorporated by reference in their entirety.

[0034] While this invention has been particularly shown and described with references to

example embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.



CLAIMS

What is claimed is:

1. A thoraco-abdominal branch graft prosthesis, comprising:

a) a main graft component having a luminal wall defining an open proximal end,

an open distal end opposite the open proximal end, a main lumen extending

from the open proximal end to the open distal end, and at least one main graft

wall fenestration; and

b) at least one tunnel graft component having a tunnel graft luminal wall

defining, at least in part, a tunnel graft proximal end, a tunnel graft distal end

opposite the tunnel graft proximal end, a tunnel graft lumen extending from

the tunnel graft proximal end to the tunnel graft distal end, and at least one

tunnel graft fenestration in the tunnel graft wall, wherein the tunnel graft

component is within the main graft lumen and a major longitudinal axis of the

tunnel graft lumen is substantially aligned with a major longitudinal axis of the

main graft lumen, and wherein the wall of the tunnel graft component is fixed

to the wall of the main graft component, whereby the fenestration of the tunnel

graft wall is aligned with the fenestration of the luminal wall.

2 . The thoraco-abdominal branch graft prosthesis of Claim 1, wherein the tunnel graft

proximal end, the tunnel graft distal end, and the tunnel graft lumen are defined in-

part by the main graft component.

3 . The thoraco-abdominal branch graft prosthesis of Claim 1, wherein the wall of the

tunnel graft component is sutured to the wall of the main graft component at the

fenestration of the tunnel graft component and at the fenestration of the main graft

component, whereby the fenestrations together define a single fenestration.

4 . The thoraco-abdominal branch graft prosthesis of Claim 3, including at least two

tunnel graft components.

5 . The thoraco-abdominal branch graft prosthesis of Claim 4, including three tunnel

graft components.



6 . The thoraco-abdominal branch graft prosthesis of Claim 5, wherein two of the tunnel

graft components are located essentially opposite each other within the lumen of the

main graft component, and wherein fenestrations of the two tunnel graft components

are located at about the same distance from the open proximal end of the main graft

component.

7 . The thoraco-abdominal branch graft prosthesis of Claim 6, wherein the third tunnel

graft component is at a portion of the main graft component wall that is between the

other two tunnel grafts, and wherein an open proximal end of the third tunnel graft is

proximal to the open proximal end of the other tunnel graft components.

8 . The thoraco-abdominal branch graft prosthesis of Claim 7, wherein third tunnel graft

component defines two wall apertures that are aligned along a major longitudinal axis

of the third tunnel graft component, and wherein the main graft wall defines wall

apertures that are aligned with apertures of the wall of the third tunnel graft.

9 . The thoraco-abdominal branch graft prosthesis of Claim 8, further including a bare

stent extending proximally from the open proximal end of the main graft component.

10. The thoraco-abdominal branch graft prosthesis of Claim 9, wherein the bare stent

includes angled struts that define proximal apices and distal apices.

11. The thoraco-abdominal branch graft prosthesis of Claim 10, wherein the bare stent

includes barbs proximate to or at the proximal apices of the bare stent.

12. The thoraco-abdominal branch graft prosthesis of Claim 11, wherein at least one of

the main graft component and the tunnel graft components include stents at the

respective open proximal ends and open distal ends.

13. The thoraco-abdominal branch graft prosthesis of Claim 12, wherein the main graft

component is bifurcated at the open distal end, thereby defining two legs of the

prosthesis.

14. The thoraco-abdominal branch graft prosthesis of Claim 13, wherein the open distal

end of one of the legs of the main graft component is distal to the other.



15. The thoraco-abdominal branch graft prosthesis of Claim 14, further including at least

one branch prosthesis extending from within the tunnel graft through the wall

fenestration of the tunnel graft that is aligned with the wall fenestration of the tunnel

graft.

16. The thoraco-abdominal branch graft prosthesis of Claim 15, wherein the at least one

branch prosthesis defines an open end that is in fluid communication with the open

distal end of the tunnel graft within which it extends.

17. The thoraco-abdominal branch graft prosthesis of Claim 15, wherein the at least one

branch prosthesis defines an open end that is in fluid communication with the open

proximal end of the tunnel graft within which it extends.

18. The thoraco-abdominal branch graft prosthesis of Claim 1, wherein the luminal wall

of main graft component defines a midsection cross-sectional diameter of the main

lumen that is smaller than at least one of the open proximal end and the open distal

end of the main graft component

19. The thoraco-abdominal branch graft prosthesis of Claim 18, wherein the cross-

sectional diameter of the mid-section is smaller than both the open proximal end and

the open distal end of the main graft component.

20. The thoraco-abdominal branch graft prosthesis of Claim 18, wherein one of the open

proximal end and the open distal end of the at least one tunnel graft is sutured to the

main graft component.

2 1. A method of implanting a thoraco-abdominal branch graft prosthesis, comprising the

steps of:

a) delivering a thoraco-abdominal branch graft prosthesis through a blood vessel

to a thoraco-abdominal aneurysm site in a patient, the thoraco-abdominal

branch graft prosthesis including

i) a main graft component having a luminal wall defining, at least in part,

an open proximal end, an open distal end opposite the open proximal

end, a main lumen extending from the open proximal end to the open

distal end, and at least one main graft wall fenestration; and



ii) at least one tunnel graft component having a wall defining an open

proximal end, an open distal end opposite the open proximal end, a

lumen extending from the tunnel graft proximal end to the tunnel graft

distal end, and at least one tunnel graft fenestration in the tunnel graft

wall, wherein the tunnel graft component is within the main graft

lumen and a major longitudinal axis of the tunnel graft lumen is

substantially aligned with a major longitudinal axis of the main graft

lumen, and wherein the wall of the tunnel graft component is fixed to

the wall of the main graft component, whereby the fenestration of the

tunnel graft wall is aligned with the fenestration of the main graft wall,

wherein the at least one main graft wall fenestration is substantially aligned

with at least one branch vessel of the patient at the thoraco-abdominal

aneurysm site;

b) inserting at least one branch prosthesis through the at least one main graft wall

fenestration and the at least one tunnel graft fenestration within the lumen of

the at least one tunnel graft component, the at least one branch prosthesis

having an open distal end and an open proximal end; and

c) inserting one of the distal end or the proximal end of the at least one branch

prosthesis into at least one branch vessel of the patient at the thoraco

abdominal aneurysm site.

22. The method of Claim 21, wherein the thoraco-abdominal branch graft prosthesis is a

bifurcated thoraco-abdominal branch graft prosthesis.

23. The method of Claim 22, wherein the at least one branch prosthesis is inserted

through the at least one main graft wall fenestration and at least one tunnel graft

fenestration from within at least one tunnel graft by an access point cranial to the

thoraco-abdominal aneurysm site of the patient.

24. The method of Claim 23, wherein the at least one branch prosthesis is inserted

through the at least one main graft wall fenestration and at least one tunnel graft

fenestration to within at least one tunnel graft by an access point caudal to the

thoraco-abdominal aneurysm site of the patient.



25. The method of Claim 21, wherein the luminal wall of the main graft component

defines a midsection cross-sectional diameter of the main lumen that is smaller than

at least one of the open proximal end and the open distal end of the main graft

component.

26. The method of Claim 20, wherein at one of the open proximal end and the open distal

end of the at least one tunnel graft is secured to the main graft component, and

wherein the wall of the tunnel graft component is fixed to the wall of the main graft

component.
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