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THORACIC AORTA STENT GRAFT WITH ACCESS REGION

Description

Technical Field

This invention relates to a medical device for treatment of aortic arch disease

and more particularly to a stent graft for deployment into the thoracic aorta of a patient

for that purpose.

Background Art

In recent years endovascular implantable devices have been developed for

treatment of aortic aneurysms. These devices are delivered to the treatment site

through the vascular system of the patient rather than by open surgery. The devices

include a tubular or cylindrical framework or scaffolding of one or more stents to which

is secured a tubular shape of graft material such as woven Dacron, polyester

polytetrafluoroethylene or the like. The devices are initially reduced to a small

diameter, placed into the leading or proximal end of a catheter delivery system

whereafter the delivery system is inserted into the vascular system of the patient such

as through a femoral incision. The leading end of the delivery system is manoeuvred

to the treatment site over a previously positioned guide wire. Through manipulation of

a control system that extends to the proximal end of the catheter from the distal end of

the system outside the patient, the implantable device is deployed by holding the

device at its location and withdrawing a surrounding sheath. The implantable device or

stent graft can then self expand or be expanded through the use of a balloon which is

introduced with a stent graft introduction device. The stent graft becomes anchored

into position in healthy wall tissue of the aorta, by barbs for example. The delivery

system is then removed leaving the inflatable device in position to reverse an

aneurysm in the aorta in a manner that channels all blood flow through the stent graft

so that no blood flow enters the aneurysm. As a result, not only does the aneurysm

no longer continue to grow and possibly rupture but the aneurysm actually begins to

shrink and commonly disappears entirely.

For treatment of thoracic aortic aneurysms in particular it is necessary to

introduce the implantable device high up in the aorta and in a region of the aorta which

is curved and where there can be strong blood flow.



In the thoracic aorta there are major branch vessels, the brachiocephalic, the

left carotid and the left subclavian. For treatment of an aneurysm in the region of the

thoracic arch provision must be made for blood supply to continue to these arteries.

For this purpose fenestrations are provided into the wall of a stent graft in that region.

Access is generally obtained to these fenestrations, to deploy side arms into the stent

graft, via the left or right brachial arteries or less commonly via the left or right carotid

arteries. Once into the thoracic arch via such an artery the fenestration in the stent

graft must be catheterised. To simplify this, it is desirable to have some working

space in the outer side of the thoracic arch which is the region that the branch vessels

enter the arch.

It is the object of this invention to provide an arrangement of stent graft to

overcome the above problem or to at least provide the practitioner with a useful

alternative.

Throughout this specification the term distal with respect to a portion of the

aorta, a deployment device or a prosthesis such as a stent graft is intended to mean

the end of the aorta, deployment device or prosthesis such as a stent graft further

away in the direction of blood flow from the heart and the term proximal is intended to

mean the portion of the aorta, deployment device or end of the prosthesis nearer to

the heart. For other lumens within the human or animal body the terms caudal and

cranial respectively should be understood.

Throughout this discussion the term "stent graft" is intended to mean a device

which has a tubular body of biocompatible graft material and at least one stent

fastened to the tubular body to define a lumen through the stent graft. The stent graft

may be bifurcated and have fenestrations, side arms or the like. Other arrangements

of stent grafts are also within the scope of the invention.

Disclosure of the Invention

According to a first aspect of the present invention, there is provided a stent

graft for placement in the thoracic arch of a patient, the stent graft comprising a first

tubular body portion and a second tubular body portion, the second tubular body

portion having a smaller diameter than the first tubular body portion, the second

tubular body portion having at least one aperture for receiving a side branch stent graft

such that when the stent graft is curved during deployment, the at least one aperture



is located on or adjacent the outside of the curve.

It will be seen that by this invention there is provided a stent graft for placement

in the thoracic arch of a patient. In use, the first body portion is placed in the

ascending aorta of a patient and the second body portion extends around the thoracic

5 arch and down the descending aorta. The stent graft can be placed such that the

portion of the graft where the diameter starts to reduce is just proximal of the

brachiocephalic artery and on the outside of the curve of the thoracic arch. By this

placement there is defined, by the difference in diameter of the first and second

portions, an open region outside the stent graft. This open region is distal of the

o aperture in the second portion, so that blood flow can occur through the aperture to

the open region enabling circulation to be preserved to the major vessels through the

internal branches during the progress of an operation. As the more distal second

portion of the stent graft is of a lesser diameter there is provided a working space in

which a guide wire from the branch arteries can be directed to enter the aperture to

5 enable cathetehsation. Subsequently a side branch stent graft can be deployed from

the respective branch artery into the stent graft to provide blood flow into that branch

artery.

In one example, a stent graft with a single aperture in the region of reduced

diameter could take a leg extension for one great artery with surgical bypasses to the

o other arteries. The aperture (or fenestration) may be in a leading face of the reduced

diameter region or hollow.

The stent graft may further comprise an internal tube extending from the

aperture towards the first body portion.

The internal tube may be divided along at least part of its length into at least

5 two smaller internal tubes opening into the lumen of the first body portion.

The two discrete tubes allow leg extensions for two great arteries.

The internal tube may be divided along part of its length into three smaller

internal tubes which open into the lumen of the first body portion.

During an operation, this arrangement permits a working space in which a

o guide wire from one of the branch arteries can be directed to enter the internal tube

and subsequently one of the smaller internal tubes to enable catheterisation.

In a further aspect of the present invention, there is provided a stent graft for



placement in the thoracic arch of a patient, the stent graft comprising a first tubular

body portion with a first lumen therein for placement in the ascending aorta of a

patient and a second tubular body portion to extend around the thoracic arch and

down the descending aorta, the second tubular body portion being of a lesser

diameter than the first tubular body portion, a step portion between the first body

portion and the second body portion, the step portion being joined to and continuous

with the first portion and the second portion, a first side of the first body portion, a first

side of the step portion and a first side the second body portion being substantially

aligned such that a step is defined on a second side opposite to the first side of the

body portion, an aperture in the step portion and an internal tube extending from the

aperture towards the first body portion, the internal tube being divided along part of its

length into at least two smaller internal tubes, the at least two smaller internal tubes

opening into the first lumen.

At least one of the first tubular body portion and the second tubular body

portion comprise stents therealong. Preferably each of the tubular body portions

comprise stents therealong. Preferably the stents comprise self expanding stents for

example zig zag self expanding stents. The plurality of self expanding stents can be

spaced apart longitudinally by substantially the axial length of adjacent stents to allow

for flexibility of the stent graft. The graft material between the stents can be corrugated

to allow for flexibility of the stent graft.

The stent graft can be formed into a pre-curved shape longitudinally defined by

an inside curved side and an outside curved side and such that the second side is on

the outside curved side. In this case, the aperture in the step portion is on the outside

of the curve.

In a preferred embodiment, the aperture in the step portion or reduced diameter

region can be placed to one side of the outside of the curve. In this case, the

aperture is adjacent or offset from the outside of the curve.

Typically, the first tubular body portion can have a diameter of from 35 to 50

mm. The second tubular body portion can have a diameter of from 20 to 30 mm. The

step portion can have a width of from 10 to 30 mm. The internal tube can be

substantially circular or oval in cross section. The internal tube may have a diameter

of from 15 to 20 mm. Where there are two smaller internal tubes the two smaller



internal tubes can have diameters of 10 mm and 12 mm respectively in one example.

Preferably there are two smaller internal tubes. There may be three smaller

internal tubes, one for each of the great vessels of the thoracic arch.

In a further embodiment the smaller internal tubes each have a diameter in the

range of from 6 to 10 mm. In an alternative embodiment one of the two smaller

internal tubes has a diameter in the range of from 6 to 8 mm and the other of the two

smaller internal tubes has a diameter in the range of from 8 to 12 mm. In such a

situation the larger of the two smaller internal tubes is preferably adjacent the wall of

the first portion.

According to a further aspect of the invention, there is provided a method of

treatment of aortic aneurysm comprising deploying a stent graft as claimed in any of

claims 1 to 28 into the thoracic arch such that the aperture is placed just proximal of

the junction of the aorta with the brachiocephalic artery.

According to a further aspect of the invention, there is provided a method of

treatment of aortic aneurysm comprising deploying a stent graft as claimed in of

claims 2 to 28 into the thoracic arch such that the step portion is just proximal of the

junction of the aorta with the brachiocephalic artery.

Brief Description of the Drawings

Preferred embodiments of the invention will now be described with reference to

the accompanying drawings.

Figure 1 shows a side view of a first embodiment of stent graft according to the

present invention;

Figure 2 shows a longitudinal cross sectional view of the embodiment shown in

Figure 1;

Figure 3A shows a view from the proximal end of the embodiment shown in

Figure 1;

Figure 3B shows a view from the proximal end of an alternative embodiment of

the invention;

Figure 4A shows a view from the distal end of the embodiment shown in Figure

3A;

Figure 4B shows a view from the distal end of the embodiment shown in Figure

1;



Figure 5 shows an alternative embodiment of stent graft according to the

present invention;

Figure 6 shows a longitudinal cross sectional view of the embodiment shown in

Figure 5 ;

Figure 7 shows a view from the proximal end of the embodiment shown in

Figure 1; and

Figure 8 shows a schematic view of the placement of a stent graft according to

the present invention into the thoracic arch of a patient.

Description of the Preferred Embodiments

Now looking more closely at the drawings and more particularly the

embodiment shown in Figures 1 to 4 it will be seen that the stent graft 2 comprises

generally a tubular body 4 of a biocompatible graft material such as Dacron. The

tubular body can be considered as comprising three main portions, a first portion 6 , a

second portion 8 and a step portion 10 between the first portion and the second

portion. The first portion 6 is of a diameter to fit into and engage the walls of the

ascending aorta of a patient. The first portion may have a diameter of from 35 to 50

mm. The second portion 8 is of a lesser diameter than the first portion by 5 to 15 mm.

The length of the first portion may be from 20 to 60 mm, the length of the second

portion may be from 80 to 150 mm and the step portion may have a length of from 10

to 30 mm. The step portion 10 comprises a substantially straight inner side 12 aligned

with inner sides 14 and 16 of the first and second portions respectively. The step

portion 10 comprises an angled or tapered outer side 18 which extends from the outer

side 20 of the first portion to the outside 22 of the second portion.

A plurality of zig-zag stents 24 provide support for the tubular body along the

length thereof. At the proximal end 26 of the stent graft the zig-zag stent 24a is on the

inside to provide a smooth outer sealing surface to engage against the wall of the

ascending aorta. Particularly in the second portion 8 the stents are spaced apart to

enable flexibility of the stent graft to conform to the shape of the thoracic arch and the

descending aorta. The stents in this region may be spaced apart by substantially the

axial length of adjacent stents. In this embodiment the graft material in the spaces

between the stents is formed into a corrugated structure 28 to give good flexibility

between the stents as well as providing structural rigidity. The graft material in the



spaces between the stents can be reinforced with a helical reinforcement wire. Helical

reinforcement for graft material is shown in US Patent Application Serial No.

12/261 ,860 entitled "Flexible Stent Graft " and the teachings therein are incorporated

herein in their entirety.

In the step portion 10 an aperture 30 is formed with an internal tube 32

extending from the aperture towards the proximal end 26 of the stent graft. A short

distance within the recess from the aperture the internal tube divides into two smaller

tubes 34 and 36 which again extend from the internal tube 32 towards the proximal

end 26 of the stent graft.

In use when the stent graft is placed into the thoracic arch of a patient the step

portion is positioned just proximal of the brachiocephalic artery and on the outside of

the curve of the thoracic arch. The first portion 6 extends proximally into the ascending

aorta and the second portion 8 extending distally into the descending aorta. There is

defined, by the difference in diameter of the first and second portions, an open region

defined between the stent graft and the outer side of the thoracic arch distal of the

aperture in the step portion 10, so that circulation is preserved to the major vessels

through the internal branches during the progress of an operation. As the more distal

second portion of the stent graft is of a lesser diameter the open region provides a

working space in which a guide wire from the major branch arteries can be

manipulated to be directed to enter the aperture 30 and the internal tube 32 and

subsequently one of the smaller internal tubes 34 and 36 to enable catheterisation.

Subsequently a side branch stent graft can be deployed from the respective branch

artery into one of the smaller tubes to provide blood flow into that branch artery.

As can be seen in Figure 3A which is a view from the proximal end 26 of the

stent graft the smaller tubes 34 and 36 have their proximal ends formed into opposed

D shapes and the uprights of each of the D's are joined to each other 38 to ensure

that there are no dead zones in the stent graft in use. The smaller tubes 34 and 36 are

also joined to the side wall of the first portion at 40. Figure 4A shows the stent graft

from the distal end. It can be particularly seen that the internal tube 32 reduces to two

smaller tubes 34 and 36.

Each of the smaller tubes 34 and 36 are also supported along their length with

a zig-zag stent 42 and are reinforced at their proximal ends with a reinforcing ring 44.



Figures 3B and 4B show views from the proximal end and distal end

respectively of an alternative embodiment of the invention. In this embodiment there

are three smaller internal tubes 34, 35, 36 extending from the internal tube 32 and

directed towards the proximal end of the stent graft. Each of the brachiocephalic, the

5 left carotid and the left subclavian can be connected to one of the smaller tubes via

respective branch grafts.

Figures 5 to 7 show an alternative embodiment of stent graft according to the

present invention. In this embodiment the tubular body 52 of this embodiment of stent

graft 50 comprises a first portion 54, a step portion 56 and a second portion 58.

o The first portion 54 comprises a tubular body of a biocompatible graft material

and is supported by self expanding zig-zag stents 60. The stent 60a at the proximal

end is internal to provide a smooth sealing surface to engage against the wall of the

ascending aorta and the stent 60b is external. The first portion may have a diameter of

from 35 to 50 mm.

5 The second portion 58 is again formed from a tubular body of a biocompatible

graft material and is supported by self expanding zig-zag stents 68. The tubular body

of the second portion is formed into a partly curved shape by a greater distance

between the stents 68 on the outside of the curve 69 than the inside of the curve 70.

The second portion 58 can have a diameter in the range of from 30 to 40 mm.

0 The step portion 56 is again formed from a frusto-conical tubular body of a

biocompatible graft material and is supported by self expanding zig-zag stents 64 and

66. The step portion has a diameter at its proximal end 67 which is substantially the

same as the diameter of the first portion and a diameter at its distal end which is

substantially the same as the diameter of the second portion. The step portion has all

5 of its taper between the diameter of the first portion and the diameter of the second

portion on the outside 72 of the curve of the stent graft.

As can be particularly seen in Figure 5 the step portion 56 has an aperture or

fenestration 74 which opens into a recess 76 within the step portion and the recess

extends proximally towards the first portion 54. The aperture is offset from the outside

o curve of the stent graft so that when it is positioned within the thoracic arch the

aperture opens slightly to the ventral side of the arch. The great vessels, the

brachiocephalic, the left carotid and the left subclavian, branch from the thoracic arch



and are slightly ventral with respect to the thoracic arch.

The recess 76 within the step portion 56 opens at its proximal end into two

tubes 78 and 80. Each of the tubes may be of the same diameter or the uppermost of

the tubes 78 may have a diameter which is greater than the diameter of the lower tube

80. The tubes 78 and 80 extend towards the proximal end 6 1 of the stent graft 50.

Each of the smaller internal tubes 78 and 80 can be reinforced with a helical

shape memory wire reinforcement 83. Helical reinforcement for graft material is shown

in US Patent Application Serial No. 12/261 ,860 entitled "Flexible Stent Graft " and the

teachings therein are incorporated herein in their entirety.

Figure 8 shows a schematic view of the placement of a stent graft according to

one embodiment of the present invention into the thoracic arch of a patient.

The thoracic arch shown schematically comprises an ascending aorta 90

extending to the thoracic arch 92 and a descending aorta 94 from the thoracic arch.

Substantially at the top of the thoracic arch but slightly to the ventral side of the arch

the major vessels branch off the arch. The major vessels are the brachiocephalic

artery 96, the common or left carotid artery 98 and the left subclavian 100. In a

preparatory operation an anastomosis 102 is provided between the common carotid

artery 98 and the left subclavian 100. The anastomosis provides access between the

common carotid artery 98 and the left subclavian artery 100 which enables

endovascular access to the stent graft via brachial arteries in the left arm rather than

endovascular access via the left carotid artery which may be more complex.

The stent graft 106 is deployed into the thoracic arch such that the step portion

108 is just proximal of the junction of the aorta with the brachiocephalic artery 96. This

means that there is defined between the step portion, the upper wall of the thoracic

arch and the second portion of the stent graft 109, an open region 111 so that

circulation can be preserved to the major vessels through the internal tubes 78 and 80

and the recess 76 (see Figures 6 and 7) during the operation of deployment of the

stent graft and subsequent placement of side branch grafts. The space also assists in

enabling catheterisation of the internal tubes. A catheter can be inserted as shown by

the dotted line 110 to enter the larger of the tubes 78 to enable placement of a side

branch stent graft 114 for the brachiocephalic artery 96 and a catheter can be inserted

as shown by the dotted line 112 to enter the smaller of the tubes 80 to enable



placement of a side branch stent graft 116 for the common carotid artery 98 and the

left subclavian artery 100.

Because the space 111 provides maintenance of circulation to the major

vessels there may be circumstances where an operation can be carried out in stages.

In a preferred embodiment the larger of the internal tubes 78 has a diameter of

12 mm and the smaller of the tubes has a diameter of 10 mm.

Many modifications and other embodiments of the invention will come to the

mind of one skilled in the art having the benefit of the teachings presented in the

foregoing descriptions and associated drawings. Therefore, it is understood that the

invention is not to be limited to the specific embodiments disclosed, and that

modifications and embodiments are intended to be included within the scope of the

appended claims.



Claims

1. A stent graft for placement in the thoracic arch of a patient, the stent graft

comprising a first tubular body portion having a lumen and a second tubular body

portion, the second tubular body portion having a smaller diameter than the first

tubular body portion, the second tubular body portion having at least one aperture for

receiving a side branch stent graft such that when the stent graft is curved during

deployment, the at least one aperture is located on or adjacent the outside of the

curve.

2. A stent graft as claimed in claim 1 wherein the second tubular body portion

includes a step portion adjacent to the first body portion and wherein the diameter of

the step portion decreases along the length thereof as it extends away from the first

tubular body portion, the at least one aperture being located in the step portion.

3 . A stent graft as claimed in claim 1 or 2 comprising at least one tube extending

from the aperture for receiving a side branch stent graft.

4 . A stent graft as claimed in claim 1 wherein the aperture opens into a recess

and said recess extends proximally towards the first tubular body portion.

5. A stent graft as claimed in claim 4 wherein the recess opens at its proximal end

into at least two tubes which extend towards the proximal end of the stent graft.

6. A stent graft as claimed in any preceding claim wherein a first side of the first

body portion, a first side of the step portion and a first side the second body portion

are substantially aligned such that a step is defined on a second side opposite to the

first side of the body portion with at least one aperture in the step portion.

7. A stent graft as claimed in any preceding claim comprising an internal tube

extending from the aperture towards the first body portion.

8. A stent graft as claimed in any preceding claim wherein the internal tube is

divided along part of its length into at least two smaller internal tubes, the at least two

smaller internal tubes opening into the lumen of the first body portion.

9. A stent graft as claimed in any preceding claim wherein each of the first tubular

body portion and the second tubular body portion comprise stents therealong.

10. A stent graft as claimed in claim 9 wherein the stents comprise zig-zag self

expanding stents

11. A stent graft as claimed in claim 9 or 10 wherein on the second tubular body



portion the stents are spaced apart longitudinally to allow for flexibility of the stent

graft.

12. A stent graft as claimed in claim 11 wherein the spaced apart stents are spaced

apart by substantially the axial length of adjacent stents.

13. A stent graft as claimed in claim 11 or 12 wherein graft material between the

spaced apart stents is corrugated to allow for flexibility of the stent graft.

14. A stent graft as claimed in any preceding claim wherein the first tubular body

portion has a diameter of from 35 to 50 mm.

15. A stent graft as claimed in any preceding claim wherein the second tubular

body portion has a diameter of from 20 to 30 mm.

16. A stent graft as claimed in any of claims 2 to 15 wherein the step portion has a

width of from 10 to 30 mm.

17. A stent graft as claimed in claim 7 wherein the internal tube has a diameter of

from 15 to 20 mm.

18. A stent graft as claimed in claim 8 wherein the smaller internal tubes each have

a diameter in the range of from 6 to 12 mm.

19. A stent graft as claimed in claim 8 wherein the smaller internal tubes each

comprise stent reinforcement.

20. A stent graft as claimed in claim 8 wherein the two smaller internal tubes have

diameters of 10 mm and 12 mm respectively.

2 1. A stent graft as claimed in claim 8 wherein one of the two smaller internal tubes

has a diameter in the range of from 6 to 10 mm and the other of the two smaller

internal tubes has a diameter in the range of from 8 to 12 mm.

22. A stent graft as claimed in claim 2 1 wherein the larger of the two smaller

internal tubes is adjacent the wall of the first portion.

23. A stent graft as claimed in any preceding claim wherein the stent graft is

formed into a pre-curved shape which is longitudinally defined by an inside curved

side and an outside curved side, wherein the second side is on the outside curved

side wherein the aperture is on the outside of the curve.

24. A stent graft as claimed in any of claims 1 to 22 wherein the stent graft is

formed into a pre-curved shape which is longitudinally defined by an inside curved

side and an outside curved side, wherein the second side is on the outside curved



side and the aperture is placed to one side of the outside of the curve.

25. A stent graft as claimed in claim 8 wherein the proximal ends of the smaller

tubes are joined to each other.

26. A stent graft as claimed in claim 8 wherein at least a part of the smaller tubes

are joined to the side wall of the first portion.

27. A stent graft as claimed in claim 7 wherein the internal tube is divided into three

smaller internal tubes extending towards the proximal end of the stent graft.

28. A stent graft as claimed in any of claims 2 to 22 wherein the step portion has an

aperture which opens into a recess within the step portion and the recess extends

proximally towards the first portion and wherein the aperture is offset from the outside

curve of the stent graft.

29. A method of treatment of aortic aneurysm comprising the step of deploying a

stent graft as claimed in any of claims 1 to 28 into the thoracic arch such that the

aperture is placed just proximal of the junction of the aorta with the brachiocephalic

artery.

30. A method of treatment of aortic aneurysm comprising the step of deploying a

stent graft as claimed in any of claims 2 to 28 into the thoracic arch such that the step

portion is just proximal of the junction of the aorta with the brachiocephalic artery.

3 1. A method as claimed in claim 29 or 30, wherein where the stent graft comprises

an internal tube extending from the aperture towards the first body portion, said

internal tube being divided along part of its length into at least two smaller internal

tubes opening into the lumen of the first body portion, the method comprises inserting

a catheter into one of the smaller internal tubes to enable placement of a side branch

stent graft for the brachiocephalic artery.

32. A method as claimed in claim 3 1 comprising inserting a catheter into a second

smaller internal tube to enable placement of a side branch stent graft for the common

carotid artery and the left subclavian artery.
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