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STENT GRAFT

BACKGROUND OF THE DISCLOSURE

Priority Information and Incorporation By Reference

[0001] This application claims priority benefit under 35 U.S.C. § 119(e) of U.S.

Provisional Application 61/228,938 filed July 27, 2009 and U.S. Provisional Application

61/248,105 filed October 2, 2009, which applications are hereby incorporated by reference as

if fully set forth herein.

Technical Field

[0002] The present disclosure relates to endoluminal vascular prostheses and

methods of placing such prostheses, and, in one application, to endoluminal vascular

prostheses for use in the treatment of Type II endoleaks.

Background

[0003] Stent grafts can be used for the endovascular treatment of aortic disease

including aneurysms and dissections. The purpose of the stent graft is generally to isolate the

diseased portion of the aortic wall from the aortic blood pressure and prevent further

dilatation or rupture of the diseased portion of the aortic wall.

[0004] Figure 1 shows an infrarenal abdominal aneurysm. The aorta 4 is enlarged

below the renal arteries 2a, 2b and above the iliac arteries 3a, 3b. The enlarged aorta has

formed an aneurysm sac 1. Pairs of lumbar arteries 5a, 5b branch from the aorta 4 in the

region of the aneurysm sac 1.

[0005] Figure 2 shows a bifurcated stent graft 10 placed in the aorta 4 to exclude

the aneurysm sac 1 from the arterial blood pressure. The stent graft 10 creates a proximal

seal distal to the renal arteries 2a, 2b and a distal seal 3a, 3b in the iliac arteries. An

incomplete seal creates leakage flow from the aorta 4 into the aneurysm sac 1 and into the

lumbar arteries 5a, 5b. A leak at the proximal or distal seal of the stent graft 10 is referred to

as a Type I endoleak. A leak between overlapping components of the stent graft system 1 is

referred to as a Type III endoleak. A leak through the covering of the stent graft is referred to



as a Type IV endoleak. Type 1, III, and IV are influenced by the specific design features of

the stent graft 10.

[0006] There also exists a type of endoleak that is independent of the stent graft

10. The leak is created by pressure differences in the lumbar arteries 5a, 5b. Figure 3

illustrates a leakage flow from a first pair of lumbar arteries 5a to a second pair of lumbar

arteries 5b wherein the blood pressure in the first pair of lumbar arteries 5a is greater than

that in the second pair of lumbar arteries 5b. This type of leak is referred to as Type II

endoleak.

[0007] Current stent graft systems do not address the issue of Type II endoleaks.

Type II endoleaks are present in a considerable number of patients after stent graft placement.

These endoleaks can potentially cause continuing dilatation and even rupture of the aneurysm

in some patients.

[0008] Various strategies have been developed to manage Type II endoleaks. In

general, patients are monitored and their aneurysms are imaged routinely to ensure

stabilization of the aneurysm. In case of persistent Type II endoleaks associated with

aneurysm dilatation, interventions are recommended to embolize the endoleak. Coils or fast-

curing polymers can be injected into the aneurismal sac to thrombose the blood in the sac and

stop the blood flow between the lumbar arteries.

[0009] There is a clear need to manage Type II endoleaks. The current invention

proposes a novel design of a stent graft that eliminates Type II endoleaks at the time of stent

graft placement.

SUMMARY OF SOME EMBODIMENTS

[0010] Some embodiments described herein are directed to systems, methods and

apparatuses for treating endovascular aneurysms or other endovascular defects such as Type

II endoleaks (collectively referred to as "defects"). However, it will be appreciated that the

systems, methods and apparatuses disclosed herein can be used in other fields or other

portions of the body.

[0011] In some embodiments, such defects can be treated with a deployment

system for deploying an endoluminal prosthesis within a passageway comprising a graft

supported in a first position within a catheter and a stent supported in a second position



within the catheter and configured to be expandable within the graft, wherein the first

position does not overlap the second position. The stent can be self-expandable, balloon

expandable, or expandable by other suitable means.

[0012] Some embodiments disclosed herein are directed to a stent graft system

comprising a first stent graft having a first stent, a first inner graft supported by the first stent,

a second inner graft supported by the first stent, and an outer graft. In some embodiments,

the second inner graft can be spaced apart from the first inner graft so that a portion of the

first stent is not covered by either the first inner graft or the second inner graft. A first

portion and a second portion of the outer graft can be attached to the first stent, the outer graft

being unsupported by the stent between the first and second portions so as to form a fillable

space between the outer graft, the first inner graft, and the second inner graft. The stent graft

system can further comprise a second stent graft deployable within the inside of the first stent

graft so as to sealingly cover the uncovered portion of the first stent, the second stent graft

having a second stent and a second graft and a length that is greater than a length of the

uncovered portion of the first stent graft.

[0013] Some embodiments disclosed herein are directed to a stent graft system

comprising a stent having a flow lumen therethrough, a first inner graft supported along at

least a portion of the length of the stent, one or more openings formed through a wall of the

first inner graft, one or more flap members configured to selectively cover the one or more

openings formed through a wall of the first inner graft, and an outer graft positioned around

the stent and configured to cover at least the one or more openings formed through the wall

of the first inner graft. In some embodiments, the stent graft can be configured such that a

substantially sealed space can be created between the outer graft and at least the first inner

graft and the one or more flap members. Tthe one or more flap members can be configured

to permit blood to flow from the lumen through the openings into the space, and to at least

inhibit the flow of blood from the space through the openings and into the lumen.

[0014] Some embodiments disclosed herein are directed to a method of treating a

blood vessel with a stent graft, comprising positioning a first stent graft across the segment of

the blood vessel to be treated, the first stent graft having a first stent, an inner graft having a

first portion and a second portion, and an outer graft, filling the space between the inner graft



and the outer graft through the uncovered portion of the stent with blood so that the outer

graft expands outwardly away from the inner graft, and deploying a second stent graft inside

the first stent graft so as to sealingly cover the uncovered portion of the first stent graft, the

second stent graft having a second stent and a second graft. In some embodiments, the

second portion of the inner graft can be spaced apart from the first portion of the inner graft

so that a portion of the first stent can be uncovered by the inner graft, and a first portion and a

second portion of the outer graft can be attached to at least one of the first stent and the inner

graft. The outer graft can be unsupported by the first stent or inner graft between the first and

second portions of the outer graft so as to create a fillable space between the outer graft and

the inner graft.

[0015] Some embodiments disclosed herein are directed to a method of sealing a

branch vessel with a stent graft, comprising positioning a first stent graft across the segment

of the blood vessel to be treated, the first stent graft having a first stent, an inner graft having

a first portion and a second portion, and an outer graft, filling the space between the inner

graft and the outer graft through the uncovered portion of the stent with blood so that the

outer graft expands outwardly away from the inner graft and covers an ostium to a branch

vessel, and deploying a second stent graft inside the first stent graft so as to sealingly cover

the uncovered portion of the first stent graft, the second stent graft having a second stent and

a second graft. In some embodiments, the second portion of the inner graft can be spaced

apart from the first portion of the inner graft so that a portion of the first stent is uncovered by

the inner graft. Further, a first portion and a second portion of the outer graft can be attached

to at least one of the first stent and the inner graft, the outer graft being unsupported by the

first stent or inner graft between the first and second portions of the outer graft so as to create

a fillable space between the outer graft and the inner graft.

[0016] Some embodiments disclosed herein are directed to a stent graft system

comprising a stent, a first graft supported by the stent, and a second graft surrounding

substantially all of an outside surface of the first graft. In some embodiments, the first graft

is formed from a porous material and is sized to cover at least a portion of the length of the

stent. A first portion and a second portion of the second graft can be attached to the first



stent, the second graft being unsupported by the stent between the first and second portions

so as to form a fillable space between the second graft and the first graft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other features, aspects and advantages of the present disclosure

will now be described in connection with non-exclusive embodiments, in reference to the

accompanying drawings. The illustrated embodiments, however, are merely examples and

are not intended to limit the invention. The following are brief descriptions of the drawings,

which may not be drawn to scale.

[0018] Figure 1 illustrates an infrarenal abdominal aortic aneurysm.

[0019] Figure 2 illustrates a stent graft placed in the abdominal aneurysm.

[0020] Figure 3 illustrates type II endoleak after stent graft placement.

[0021] Figure 4A illustrates an embodiment of a bifurcated stent graft used for the

treatment of abdominal aortic aneurysms, wherein the graft is supported by stent segments.

[0022] Figure 4B illustrates an embodiment of a bifurcated stent graft used for the

treatment of abdominal aortic aneurysms, wherein the graft is supported by a bifurcated stent.

[0023] Figure 5 illustrates an embodiment of a two-layer bifurcated stent graft

used for the treatment of type II endoleaks.

[0024] Figure 6 illustrates the embodiment of the two-layer bifurcated stent graft

illustrated in Figure 5, placed in the abdominal aorta.

[0025] Figure 7 illustrates the embodiment of the two-layer bifurcated stent graft

illustrated in Figure 5, with the space between the two layers of graft filled with blood.

[0026] Figure 8 illustrates the pressure distribution in the embodiment of the two-

layer bifurcated stent graft illustrated in Figure 5 after stent graft deployment.

[0027] Figure 9 illustrates the pressure distribution in the embodiment of the two-

layer bifurcated stent graft illustrated in Figure 5, after the space between the two layers of

graft is filled with blood.

[0028] Figure 10 illustrates a healthy common iliac and hypogastric artery in an

abdominal aortic aneurysm.



[0029] Figure 11 illustrates an aneurysmal common iliac in an abdominal aortic

aneurysm.

[0030] Figure 12 illustrates an aneurysmal common iliac treated with an

embodiment of a coiled member in the hypogastric artery and an embodiment of a stent graft

into the external iliac artery.

[0031J Figure 13 illustrates an aneurismal common iliac treated with an

embodiment of a bifurcated stent graft with a two-layer iliac stent graft segment.

[0032] Figure 14 illustrates an embodiment of a bifurcated stent graft to treat an

abdominal aortic aneurysm with a short proximal neck.

[0033] Figure 15 illustrates an embodiment of a proximal extension placed in an

embodiment of a bifurcated stent graft to treat an abdominal aortic aneurysm with a short

proximal neck.

[0034] Figure 16 illustrates another embodiment of a two-layer proximal

extension placed in an embodiment of a bifurcated stent graft to treat an abdominal aortic

aneurysm with a short proximal neck.

[0035] Figure 17 illustrates another embodiment of a stent graft system

comprising a first graft having two graft layers and a second graft acting as a sealing member.

[0036] Figure 18 illustrates the placement of the embodiment of the graft system

from Figure 17 into an aneurysm.

[0037] Figure 19 illustrates another embodiment of a two-layer graft system

comprising a bifurcated stent graft having two graft layers and a second graft acting as a

sealing member.

[0038] Figure 20 illustrates another embodiment of a stent graft system.

[0039] Figure 2 1A illustrates some of the components of another embodiment of

a stent graft system, showing the components in an unassembled state.

[0040] Figure 2 IB illustrates the embodiment of the stent graft system of Figure

2 IA, showing the components in the assembled state.

[0041] Figure 22A illustrates some of the components of another embodiment of

a stent graft system, showing the components in an unassembled state.



[0042] Figure 22B illustrates the embodiment of the stent graft system of Figure

22A, showing the components in the assembled state.

[0043] Figure 23A is a perspective view of a portion of the layer or layers

comprising an embodiment of a porous or perforated inner graft.

[0044] Figure 23B is a top view of a portion of the layer or layers comprising the

embodiment of a porous or perforated inner graft of Figure 23A.

DETAILED DESCRIPTION OF SOME EXEMPLIFYING EMBODIMENTS

[0045] This disclosure sets forth various embodiments of a novel stent graft

system and method to reduce or eliminate Type II endoleaks. The design can also be used to

improve the seal of stent grafts in difficult anatomical situations. The following detailed

description is now directed to certain specific embodiments of the disclosure. In this

description, reference is made to the drawings wherein like parts are designated with like

numerals throughout the description and the drawings.

[0046] Some embodiments described herein are directed to systems, methods, and

apparatuses to treat Type II endoleaks, lesions, aneurysms, or other defects in the aorta,

including, but not limited to, the thoracic, ascending, and abdominal aorta, to name a few.

However, the systems, methods, and apparatuses may have application to other vessels or

areas of the body, or to other fields, and such additional applications are intended to form a

part of this disclosure. For example, it will be appreciated that the systems, methods, and

apparatuses may have application to the treatment of blood vessels in animals. In short, the

embodiments and/or aspects of the endoluminal prosthesis systems, methods, and apparatuses

described herein can be applied to other parts of the body or may have other applications

apart from the treatment of the thoracic, ascending, and abdominal aorta. And, while specific

embodiments may be described herein with regard to particular portions of the aorta, it is to

be understood that the embodiments described are adaptable for use in other portions of the

aorta or other portions of the body and are not limited to the aortic portions described.

[0047] Figure 1 illustrates an infrarenal abdominal aneurysm. The aorta 4 is

enlarged below the renal arteries 2a, 2b and above the iliac arteries 3a, 3b. The enlarged

aorta forms an aneurysm sac 1. Pairs of lumbar arteries 5a, 5b branch from the aorta 4 in the



region of the aneurysm sac 1. Figure 2 shows a bifurcated stent graft 10 placed in the aorta 4

to exclude the aneurysm sac 1 from the arterial blood pressure. Figure 3 illustrates a leakage

flow from a first pair of lumbar arteries 5a to a second pair of lumbar arteries 5b wherein the

blood pressure in the first pair of lumbar arteries 5a is greater than that in the second pair of

lumbar arteries 5b. This type of leak is referred to as Type II endoleak.

[0048] Figure 4 shows a typical stent graft 20 for the treatment of abdominal

aortic aneurysms. The stent graft system can be a single piece bifurcated stent graft or a

modular stent graft comprising two or more individual stent grafts that are assembled in situ.

The stent graft 20 can consist of a main body 2 1 and two branch grafts 22a, 22b. The stent

graft can have individual stent segments 23, as illustrated in Figure 4A, or a bifurcated stent

24, as illustrated in Figure 4B. The stent 24 or stent segments 23 can be self expandable,

balloon expandable, or can be other similar or suitable stents. The graft 2 1 can be made from

polyester, PTFE, ePTFE, or any other suitable material.

[0049] Figure 5 illustrates an embodiment of a two-layer bifurcated stent graft 30

used for the treatment of type II endoleaks. The basic construction of the stent graft 30 can

be similar to that of any existing stent graft system having a main body 31, branch grafts 32a,

32b, stent segments 33, and a first inner graft cover 34. In some embodiments, the main body

of the bifurcated stent graft can have a second, outer graft cover 35. The outer graft cover 35

can be made from the same material as the inner graft 34. In some embodiments, the outer

graft cover 35, or any other outer graft embodiments disclosed herein, can have one or more

radiopaque markers thereon to provide visualization of the position or level of inflation of the

outer graft cover during deployment. Similarly, any of the stent or other graft embodiments

disclosed herein can have one or more radiopaque markers thereon to provide visualization of

the position of such prostheses during deployment.

[0050] The diameter of the outer graft cover 35 can be larger than that of the inner

graft cover 34. In some embodiments, the outer graft cover 35 or any other outer graft cover

embodiment disclosed herein can have a tubular shape, or can have a bulged middle portion

such that the middle portion defines a greater diameter than the end portions of the outer graft

cover 35. In some embodiments, the diameter of the outer graft cover 35 can be sufficiently

large to expand to the flow lumen or against the inside surface of the aneurysm. The inner



graft cover 34 and the outer graft cover 35 can be connected at the distal and proximal ends

to form a sealed space 36. One or more openings 37, which can have any suitable size, large

or small, can be cut or otherwise formed in the inner graft cover 34 to allow fluid

communication between the inner lumen of the stent graft and the space 36.

[0051] In the embodiment described in Figure 5, the opening in the inner graft

layer can provide fluid communication between the inner lumen of the graft and the space

between the inner graft layer and the outer graft layer. Preferably, the opening can be large

enough to allow blood cells to enter the space. At the same time, the opening can be small

enough to prevent flow patterns to form in the space that would delay blood coagulation. In

some embodiments, the size of the opening can be between 20µm and 5mm. In some

embodiments, the size of the opening can be between lOOµm and 2mm. There can be one

opening or multiple openings. The opening can be in form of holes punched into the graft

material or in form of porous graft material (such as, without limitation, PTFE, ePTFE,

polyester, or other suitable materials) with pore sizes sufficiently large to allow blood to enter

the space between the inner and outer graft layer. Alternatively, the inner graft can be made

from a porous metal. In some embodiments, a braided stent can form the inner graft. The

gaps between the braids can allow blood to enter the space. The braided stent would

eliminate the need for a separate stent to support the inner graft. The braided stent can be

constructed from memory metals or memory plastics, or any other suitable material or

materials.

[0052] Further, in some embodiments, the inner graft can be a generally non-

porous material having a plurality of openings formed therein along at least a portion, or all

of, the length of the inner graft layer. In some embodiments, as will be described in greater

detail below, the inner graft layer can have pores or openings that are configured to allow one

directional fluid flow. For example, the pores or openings can permit fluid to flow from an

inside lumen through the inner graft, through the openings or pores in the inner graft layer,

and into the space between the inner and outer graft layers, while being configured to prevent

the flow of fluid (e.g., blood) from flowing in the opposite direction. Any of the

embodiments of the graft layers disclosed herein, including the inner graft layer described

above, can be used with any of the stent graft embodiments described in this application. For



example, in some embodiments, the porous or perforated inner graft layer described herein

can be used with any of the stent or stent graft embodiments disclosed herein with

appropriate modifications, as necessary. All of such combinations are contemplated as

forming a part of this disclosure.

[0053] In some embodiments, the inner graft material can be configured such that

the pores or openings thrombose after a particular duration of exposure to a patient's blood.

In this arrangement, the pores or openings in the inner graft material will essentially be

sealed, so as to substantially inhibit or prevent the flow of blood through such openings or

pores after the thrombosis of such openings or pores occurs. For example, the openings or

pores can be configured to thrombose or become substantially sealed after the blood thinning

agent (such as heparin) that is typically administered during arterial repair or other vascular

procedures is removed or diminished from the patient's blood stream, thereby sealing the

blood within the space between the inner and outer grafts within such space.

[0054] In some embodiments, the circumference of the outer graft cover can be

larger than that of the inner graft. The outer graft cover can be large enough to inflate to the

size of the flow lumen in the diseased blood vessel. In some embodiments, a substantial

portion of the outer graft cover can touch the wall of the blood vessel when inflated. In the

case of an abdominal aortic aneurysm, the diameter of the outer graft cover can be from

approximately 4cm or less to approximately 8cm. In the case of an iliac aneurysm, the

diameter of the outer graft can be from approximately 2cm or less to approximately 4cm. In

some embodiments, the outer graft cover can be configured to only cover a portion of the

inner graft cover. In some embodiments, the outer graft cover can be configured to only

cover the distal portion, the proximal portion, or the mid-section of the inner graft cover. In

some embodiments, the outer graft cover can be configured to only cover a portion of the

circumference of the inner graft cover.

[0055] Figure 6 illustrates the embodiment of the two-layer bifurcated stent graft

30 illustrated in Figure 5, deployed in the abdominal aorta. The stent graft 30 can be

positioned proximally below the renal arteries 2a and 2b and distally in the iliac arteries 3a

and 3b. The stent graft 30 can seal the aneurysm 1 from the aorta 4. The inner graft cover 35



can form a flow lumen for blood through the aorta. The outer graft cover 36 can be initially

collapsed onto the inner graft cover 35.

[0056] Figure 7 illustrates the embodiment of the two-layer bifurcated stent graft

30 illustrated in Figure 5, with the space 36 between the two layers of graft filled with blood.

As such, Figure 7 shows the final configuration of the embodiment of the two-layer

bifurcated stent graft 30 illustrated in Figure 5. The blood in the aorta can enter through the

openings 37 into the space 36 between the inner graft cover 34 and the outer graft cover 35.

In some embodiments, the blood can cause the outer graft cover to inflate until it

substantially fills or approximately completely fills the aneurysm sac. The blood in the space

36 can ultimately coagulate and form a thrombus.

[0057] Figure 8 illustrates the pressure distribution in the embodiment of the two-

layer bifurcated stent graft 30 illustrated in Figure 5 after stent graft deployment. Figure 9

illustrates the pressure distribution in the embodiment of the two-layer bifurcated stent graft

30 illustrated in Figure 5, after the space between the two layers of graft is filled with blood.

As such, Figures 8 and 9 illustrate the mechanism of inflation or expansion of the outer graft

cover. When the stent graft is placed in the abdominal aorta, the aneurysm 4 1 can be isolated

from the aorta 40 as illustrated in Figure 8. As a result, the pressure (Psac) in the aneurysm

sac can drop. The pressure in the aorta (Paorta) is typically 60mmHg-200mmHg. The

isolated aneurysm sac can be pressurized antegrade from the lumbar arteries. The pressure in

the sac (Psac) is typically 30mmHg-50mmHg immediately after stent graft placement. After

stent graft placement, the pressure in the aorta (Paorta) can push blood through the openings

46 into the space 43 between the inner graft cover 44 and the outer graft cover 45. The

pressure in the space (Pbag) can rise above the sac pressure (Psac) and the outer graft 45

cover can inflate and expand approximately against the wall of the sac 41, displacing the

blood in the sac 41. During the filling phase, the pressure in the space (Pbag) can be lower

than the aortic pressure (Paorta) but higher than the sac pressure (Psac).

[0058] Figure 9 illustrates the completed filling of the space 43. Once the outer

graft cover 45 is fully inflated, the pressure in the space 43 can be approximately the same as

the pressure in the aorta 4 1. Blood flow through the opening or openings 46 can thereafter be

significantly reduced or can cease. The blood in the sac 4 1 can be completely displaced.



The blood in the space 43 can be stagnant and can coagulate, forming thrombus. Once the

thrombus is formed, the solid thrombus in the space 43 can isolate the pressure between the

aorta and the aneurysm wall so that the aneurysm sac can be isolated from the aortic pressure.

[0059] Therefore, in some embodiments, a branch vessel adjacent to the outer

graft layer 45 (for example, a lumbar or mesenteric artery) can facilitate the expansion of the

outer graft layer against the inside surface of the vessel wall by reducing the pressure (Psac)

within the space between the outer graft material and the vessel wall relative to the pressure

within the aorta (Paorta). In this configuration, in some embodiments, the space 43 between

the inner and outer layers can fill with blood from the aorta as the branch vessel reduces the

pressure between the outer graft layer and the vessel wall, such that an additional instrument

or medically administered injection of blood or fluid into (i.e., pressurization or inflation of)

the space 43 may be avoided.

[0060] Type II endoleaks, as illustrated in Figure 3, can be suppressed or

eliminated by the expanded outer graft cover. The lumbar arteries 5a, 5b in Figure 3 can be

covered by the outer graft cover 45. Without limitation, one advantage of some embodiments

of the proposed design is that the aneurysm sac can be filled and Type II endoleaks can be

suppressed without the need for any additional procedural steps above and beyond the

standard steps required to deploy a stent graft in the abdominal aorta. Furthermore, in some

embodiments, no foreign material is needed to be introduced into the body or the prosthesis

to embolize the sac.

[0061] The concept of a second outer graft layer can also be applied to the stent

grafting of challenging anatomies in which is it difficult to obtain a seal between the graft and

the vessel wall. For example, the blood vessel may have local calcium deposit, thrombus, or

sudden changes in the diameter. The stent connected to the inner graft layer may not allow

the inner graft to continuously contact the wall along the seal line. In the following

disclosure, additional embodiments and examples are presented to illustrate further benefits

of the second outer graft layer configuration.

[0062] Figure 10 shows an abdominal aneurysm with the two common iliac

arteries 51a and 51b branching from the aneurismal aorta 50. The common iliac artery 51a



branches into the hypogastric artery 52 and the external iliac artery 53 about 3cm - 8cm from

the bifurcation.

[0063] Figure 11 shows an abdominal aneurysm with one diseased common iliac

artery 61b. The common iliac artery 61b is enlarged. An enlarged common iliac artery may

compromise the distal seal when stent grafting the aneurysm. Specifically blood may flow

from the hypogastric artery 62 into the aneurysm sac 60, thereby pressurizing the sac.

[0064] Figure 12 illustrates an aneurismal common iliac treated with an

embodiment of a coiled member 72 in the hypogastric artery and an embodiment of a stent

graft 70 into the external iliac artery. As such, Figure 12 illustrates one strategy to stent graft

an abdominal aneurysm with one diseased common iliac artery as shown in Figure 11. First,

in some embodiments, the hypogastric artery 62 can be embolized. This can be accomplished

by placing the coiled member 72 in the hypogastric artery 62. Alternatively, an alternative

form of a plug can be deployed in the hypogastric artery 62. After embolization of the

hypogastric artery 62, in some embodiments, a stent graft 70 can be placed in the aneurysm

60, the stent graft 70 having an extended branch graft 7 1 that can extend into the external

iliac artery 63 to provide a distal seal.

[0065] Figure 13 illustrates an alternative strategy for the endovascular treatment

of the abdominal aneurysm with one diseased common iliac artery as shown in Figure 11.

The stent graft 80 can have a branch graft 81 with a two-layer graft cover described in Figure

5. The arterial pressure can inflate the outer graft cover 82 and the outer graft 82 can cover

and seal the hypogastric artery 62 and at least partially fill the diseased portion of the

common iliac artery 61b. The concept can work similar to the occlusion of the lumbar

arteries in the aneurysm sac. The proposed strategy can eliminate the need for coiling, which

often has to be done in a separate procedure prior to stent grafting.

[0066] Figures 14-16 illustrate another application of the two-layer graft cover.

Figure 14 shows a bifurcated stent graft 100 placed onto the anatomical bifurcation 93 for

stent grafting of an abdominal aortic aneurysm 90. The bifurcated device 100 can provide a

platform for subsequent graft placement at the aortic neck 92. In Figure 15, an embodiment

of a tubular stent graft extension 101 can be placed to overlap with the bifurcated stent graft

100 and seal the aneurysm below the renal arteries 91a and 91b. Distance between the renal



arteries and the aneurysm sac is often referred to as the proximal neck 92, and the distance

between the proximal end of the stent graft 101 and the aneurysm sac 90 is often referred to

as the proximal seal zone. It can be preferred to place the proximal end of the stent graft 101

right below the renal arteries 91a and 91b to maximize the length of the proximal seal zone.

In short-neck aneurysms, the potential seal zone may be too short to provide an adequate seal.

Commercially available stent graft systems typically require a neck length of at least 10-

15mm to ensure a proper proximal seal.

[0067] Figure 16 shows an embodiment of a two-layer stent graft extension 110

placed in the proximal neck 92 of the aortic aneurysm 90. The inflated outer layer 111 can

extend the contact length 112 between the stent graft 110 and the aortic wall into the

aneurysm sac 90 effectively increasing the proximal seal zone.

[0068] Figure 17 illustrates another embodiment of a stent graft system 118,

which can be a two-layer stent graft system. The stent graft system can be tubular, bifurcated

The graft system 118 can comprise a first stent graft 120, which can have a tubular stent 121

and one or more tubular inner graft or graft segments 122 that partially cover the stent 121.

With reference to Figure 17, some embodiments of the stent graft system 118 can have a first

inner graft 122a and a second inner graft 122b that can be positioned adjacent to the end

portions of the stent 121. In some embodiments, the first inner graft 122a and a second inner

graft 122b can be spaced apart so that a portion of the stent 121 can be uncovered by the

inner graft 122. For example, without limitation, a portion of the midsection 124 of the stent

121 can be uncovered. Either or both of the first inner graft 122a and a second inner graft

122b can be positioned on an inside surface of the stent 121 (as illustrated), or can be

positioned on an outside surface of the stent 121.

[0069] An outer graft cover 123 can be connected to or otherwise supported by

the stent 121 at one or both ends. The outer graft cover 123 can have a constant diameter, or

can have a varying diameter along a length thereof. In some embodiments, the middle

portion of the outer graft cover 123 can define a larger diameter than one or more of the end

portions of the outer graft cover 123. In some embodiments, the diameter of some or all of

the outer graft cover 123 can be greater than the diameter of the first inner graft 122a and/or

second inner graft 122b. The uncovered midsection 124 can provide for rapid filling of the



outer graft cover 123 with the patient's blood, as is illustrated in Figure 17. A second stent

graft 125 can be placed inside the first stent graft 120 to seal the space created between the

outer graft cover 123 and the inner graft 122. The graft 127 of the second stent graft 125, the

inner graft 122 and the outer graft 123 of the first stent graft 120 can form a sealed space in

which the patient's blood can be trapped.

[0070] Figure 18 illustrates the placement of the stent graft system 118 in an

aneurysm 131 of the aorta 130. When the first stent graft 120 is placed over the aneurysm sac

131, the blood pressure in the aorta 130 can force blood into the space 132 and can inflate the

outer graft cover 123. The second stent graft 125 can be placed inside the first stent graft

120 and can be configured to substantially or completely seal the space 132.

[0071] Figure 19 illustrates another embodiment of a stent graft system 138. The

first stent graft 140 can be a bifurcated stent graft for the treatment of aorto-iliac aneurysms.

In some embodiments, the embodiment of the stent graft system 138 can have any of the

same features, components, or other details of any of the other embodiments of stent graft

systems disclosed herein. In some embodiments, the second stent graft 141 can be a straight

tubular stent graft. One advantage of the system comprising two stent grafts is that the space

inside the outer graft cover can fill rapidly. Apertures or other small openings in the inner

graft cover may reduce the flow into the space. They may also clog or get obstructed by

emboli and thrombus. Another advantage is that the second stent graft can provide an

instantaneous seal. In case of apertures or small openings, blood exiting the sac during the

coagulation phase may form emboli or thrombus. Another advantage is the ability to inject

contrast medium into the space to verify inflation of the outer graft cover.

[0072] The concept of a second stent graft can also be applied to the embodiments

described herein with regard to, without limitation, Figures 5, 13, and 15. The second stent

graft can be placed to cover the segments of the first stent graft that contains the openings for

the blood to enter into the outer graft layer.

[0073] Figure 20 illustrates another embodiment of a stent graft system 148,

which can be a two-layer stent graft system. In some embodiments, the stent graft system

148 can have any of the components, features, or other details of any of the other stent graft



system embodiments disclosed herein, including without limitation the stent graft system 118

described above.

[0074] With reference to Figure 20, the graft system 148 can comprise a first stent

graft 150, which can have a tubular stent 151 and one or more tubular inner graft or graft

segments 152 that partially cover the stent 151. A portion 154 of the stent 151 can be

uncovered. In some embodiments, the uncovered portion 154 of the stent 151 can be located

near an end portion of the stent 151. An outer graft cover 153 can be connected to or

otherwise supported by the stent 151 at one or both ends. The uncovered portion 154 can

provide for rapid filling of the outer graft cover 153 with the patient's blood. A second stent

graft 155 can be placed inside the first stent graft 150 to seal the space created between the

outer graft cover 153 and the inner graft 152. In some embodiments, the second stent graft

155 can be placed inside the first stent graft 150 after the outer graft cover 153 has been

sufficiently filled with blood. The graft 157 of the second stent graft 155, the inner graft 152

and the outer graft 153 of the first stent graft 150 can form a sealed space in which the

patient's blood can be trapped.

[0075] In some embodiments, the outer graft cover 153 can be placed on the

outside of the stent 151 and inverted at the ends to partially cover the inside of the stent 152.

The open stent segment 155 can be located close to one end of the stent graft system. In

some embodiments, the outer graft cover 157 can be configured to only form a hem at one

end of the stent 151 .

[0076] Figure 2 1A illustrates some of the components of another embodiment of

a stent graft 180, showing the components in an unassembled state. Figure 21B illustrates the

embodiment of the stent graft 180 of Figure 2 IA, showing the components in the assembled

state. With reference to Figures 2 1A and 2 IB, the stent graft system 180 can have a graft 181

and a stent 182, and can have one or more flow valves therein configured to allow flow of

fluid through said valves or openings in only one direction. The stent graft system 180, or

any other stent graft system disclosed herein, can have a bifurcated stent graft (as illustrated),

a tubular stent graft (not illustrated), or any other suitable configuration of a stent graft, such

as curved, tapering, or otherwise.



[0077] The bifurcated graft 181 can have a main graft body portion 184, a first

graft branch portion 185, and a second graft branch portion 186. Similarly, the stent 182 can

have a main stent body portion 187, a first stent branch portion 188, and a second stent

branch portion 189. The stent 182, or any other stent embodiment disclosed herein, can

provide substantially continuous scaffolding along the length thereof, or can be formed in

segments or discrete portions that can be interconnected directly to other stent segments

portions or can be held in the desired position by attachment to the graft material. In some

embodiments, the stent 182, or segments or portions thereof, can be sutured or otherwise

attached to the graft 181. In some embodiments, as in the illustrated embodiment, the

proximal portion 182a of the stent 182 can extend proximal to the proximal end 181a of the

graft 181 so that such proximal portion 182a of the stent 182 is not covered by the graft 181.

[0078] One or more openings 190 can be formed in the graft 181. In the

illustrated embodiment, one opening 190 is formed laterally through a side wall of the main

graft body portion 184 of the graft 181. The opening 190 can be formed in any desired

position of the graft 181. As illustrated, in some embodiments, the opening 190 can be

positioned so that blood can flow through the one or more opening 190, similar to the

openings 37 described above with reference to Figures 5 and 6. The opening or openings

190, or any other openings disclosed herein, can be positioned in the graft 181 so as to be

positioned between the struts, wires, or other members of the stent which the graft covers.

[0079] With reference to Figure 2 1A, the stent graft system 180, or any other stent

graft system disclosed herein, can have a second graft member 200 having a tabbed or flap

portion 202 (also referred to herein as a flap member, valve cover, or just cover). As will be

discussed in greater detail, the openings 190 and covers 202 can form single directional flow

valves to permit flow into the space surrounding the graft 184 and second graft member 200.

The second graft member 200 can have a tubular shape and can be configured to surround at

least a portion of the length of the stent 182 around all or a portion of the circumference of

the stent 182. As illustrated in Figure 2 1B, the second graft member 200 can be configured

to be positioned over the outside surface of the proximal portion 182a of the stent 182, and

can be sized and configured so that the tabbed portion 202 can cover the opening 190. In

some embodiments, the second graft member 200 can be sutured or otherwise attached to the



graft 181. For example, without limitation, the second graft member 200 can be fixed to the

graft 181 using one or more sutures 206 circumferentially positioned around the stent graft

system 180, as illustrated in Figure 2 IB.

[0080] In some embodiments, the flap member 202 can be formed on or affixed to

the main graft body portion 184 of the graft 181. Without limitation, the flap member 202

can cover a portion of the length of the stent 182 and all or a portion of the circumference of

the stent 182. In some arrangements, the flap member 202 can be stitched, sutured, adhered,

or otherwise attached to the outside surface of the main graft body portion 184 of the graft

181.

[0081] An outer graft member 212 can be positioned over an outside surface of

the main graft body portion 184 and the second graft member 200. The outer graft member

212 can be sealingly fixed to the main graft body portion 184 and the second graft member

200 so that a substantially sealed space 214 is created between the outer graft member 212

and the main graft body portion 184 and/or the second graft member 200. The stent graft

system 180 can be configured so that blood can pass from the inside of the main graft body

184 through the opening 190 and into the space 210 formed inside the outer graft member

212, but so that the tabbed portion 202 inhibits or substantially prevents blood from flowing

from the space 214 back through the opening 190.

[0082] In this arrangement, similar to other embodiments described above, blood

in the aorta can pass through the openings 190 into the space 214 formed inside the outer

graft member 212, causing the outer graft cover 212 to inflate until it substantially fills or

approximately completely fills an aneurysm sac. The blood in the space 214 can ultimately

coagulate and form a thrombus.

[0083] The graft 181, second graft member 200, the outer graft member 212, or

any other graft embodiment disclosed herein can be formed from PTFE, ePTFE, or any other

suitable material. The stent 182, or any other stent embodiment disclosed herein, can be

formed from Nitinol, stainless steel, a shape memory or heat activated material, or any other

suitable material. The stent 182, or any other stent embodiment disclosed herein, can be self-

expandable, balloon expandable, or expandable by any other mechanical or other means such

as, without limitation, heat.



[0084] Figure 22A illustrates some of the components of another embodiment of

a stent graft 180', showing the components in an unassembled state. Figure 22B illustrates

the embodiment of the stent graft 180' of Figure 22A, showing the components in the

assembled state. With reference to Figures 22A and 22B, the stent graft system 180' can have

a graft 181' and a stent 182. The stent graft system 180' can have any of the same features,

configurations, or other details of the stent graft system 180 described above, except as

described below.

[0085] With reference to Figures 22A, 22B, the main graft body portion 184' of

the graft 181' can have two or more openings 190' formed therein (two openings 190' being

illustrated). Additionally, the second graft member 200' can have a tabbed or flap portion

202' that can be configured to cover each of the two or more openings 190'. Although not

required, in some embodiments, the tabbed portion 202' can have a slit 203' between the

portions of the tabbed portion 202' that cover each of the openings 190'.

[0086] Figure 23A is a perspective view of a portion of the layer or layers

comprising an embodiment of a porous or perforated inner graft 230. Figure 23B is a top

view of a portion of the layer or layers comprising the embodiment of a porous or perforated

inner graft 230 of Figure 23A. In some embodiments, with reference to Figures 23A, 23B,

the inner graft 230 can have a base layer 232 and an outer layer 234 and one or more flow

direction valve members, as will be described in greater detail. In some embodiments, the

base layer 232 can be porous or otherwise pervious, or can be impervious and define a

plurality of openings therethrough. The base layer 232 can be made from PTFE, ePTFE,

polyester, or any other suitable material, and can be woven, wrapped or otherwise formed

from a sheet, or otherwise. In some embodiments, the base layer 232 can be substantially

impervious, and the tubules 238 and openings 240 can be formed directly in the base layer

232.

[0087] The outer layer 234 can be formed from a substantially or completely

impervious material having one or more channels or tubules 238 projecting away from the

base layer, the tubules 238 each having an opening 240 in a distal end 238a thereof. The

tubules 238 can be formed from a thin cylinder or cone of material so that the walls of said

tubules 238 are tapered. The tubules 238 can be configured to permit fluid flow therethrough



in only one direction (for example, in the direction indicated by arrow "F" in Figure 23A),

and can be configured to prevent or substantially inhibit the flow of fluid (such as blood) in

the opposite direction. For example, as discussed above, the tubules 238 can be formed on an

outside surface of any embodiments of the inner graft disclosed herein so as to project

outwardly away from the outside surface of the inner graft 230. In some embodiments, the

outer layer 234 can cover substantially all of the porous or pervious base layer 232 so that

substantially the entire inner graft 230 comprises one-way flow control.

[0088] The tubules 238 can have a thickness (represented by "T" in Figure 23B),

opening diameter or size (represented by "D" in Figure 23A), and height (represented by "H"

in Figure 23B) configured such that the tubules 238 collapse or otherwise substantially close

when a fluid pressure acting against an outside surface 242 of the inner graft 230 is greater

than a fluid pressure acting against an opposite, inside surface of the inner graft. The material

chosen for the film or outer layer 232 (or the inner layer 234 if the tubules 238 are formed

therein) can affect the optimal thickness T, diameter D, and/or height H of the tubules 238.

[0089] In some embodiments, the diameter or size D of the openings 240 can

range from approximately 20 µm or less to 2 mm or more, and can have a height H from

approximately one half of the diameter D to 5 times the diameter D, and a thickness T from

approximately 2 µm or less to approximately 100 µm or more. Further, depending on the

desired flow rate through the inner graft 230 and number of tubules 238 formed in the inner

graft 230, the tubules 238 can be spaced apart by distance "L" shown in Figure 23B that can

range from approximately 120 µm or less to approximately 5 mm or more.

[0090] Thrombosis of the blood in the space between the inner graft cover and the

outer graft cover can stop or significantly reduce the communication of the pressure in the

flow lumen to the vessel wall. The blood in the space can coagulate and thrombose once the

blood is stagnant. The coagulation process can be accelerated by placing a thrombotic agent

into the space between the inner and outer graft cover. Suitable agents can include, but are

not limited to, salts, silk, albumin, and fibrin. The agents can be placed in the space in

powder form or coating of the inner surfaces of the inner and outer graft cover. The opening

into the space can be treated with a thrombotic agent to seal off the opening after the outer



graft cover has been inflated. For example, a section of the inner graft cover can be made

from a woven or knitted porous silk fabric.

[0091] Although the inventions have been disclosed in the context of a preferred

embodiments and examples, it will be understood by those skilled in the art that the present

disclosure extends beyond the specifically disclosed embodiments to other alternative

embodiments and/or uses of the invention and obvious modifications and equivalents thereof.

In addition, while a number of variations of the invention have been shown and described in

detail, other modifications, which are within the scope of this invention, will be readily

apparent to those of skill in the art based upon this disclosure. It can be also contemplated

that various combinations or subcombinations of the specific features and aspects of the

embodiments can be made and still fall within the scope of the invention. Accordingly, it

should be understood that various features and aspects of the disclosed embodiments can be

combine with or substituted for one another in order to form varying modes of the disclosed

invention. Thus, it can be intended that the scope of the present disclosure herein disclosed

should not be limited by the particular disclosed embodiments described above.



WHAT IS CLAIMED IS:

1. A stent graft system comprising:

a first stent graft having a first stent, a first inner graft supported by the first

stent, a second inner graft supported by the first stent, and an outer graft;

wherein:

the second inner graft is spaced apart from the first inner graft so that a

portion of the first stent is not covered by either the first inner graft or the

second inner graft; and

a first portion and a second portion of the outer graft are attached to the

first stent, the outer graft being unsupported by the stent between the first and

second portions so as to form a tillable space between the outer graft, the first

inner graft, and the second inner graft;

a second stent graft deployable within the inside of the first stent graft so as to

sealingly cover the uncovered portion of the first stent, the second stent graft having a

second stent and a second graft and a length that is greater than a length of the

uncovered portion of the first stent graft.

2. The stent graft system of Claim 1, wherein the first and second inner grafts are

adjacent to an outside surface of the first stent.

3. The stent graft system of Claim 1, wherein at least a middle portion of the

outer graft has a larger circumference than the first inner graft and the second inner graft.

4. The stent graft system of Claim 1, wherein the outer graft is expandable away

from the first and second inner grafts.

5. The stent graft system of Claim 1, wherein the outer graft is configured to

expand against an inside surface of a vessel wall when blood flows through the uncovered

portion of the first stent graft.

6. The stent graft system of Claim 1, wherein at least one of the first stent and the

second stent is a balloon expandable or self-expandable.

7. The stent graft system of Claim 1, wherein the first stent graft is a bifurcated

stent graft.



8. The stent graft system of Claim 1, further comprising one or more radiopaque

markers supported by the outer graft.

9. The stent graft system of Claim 1, wherein the uncovered portion of the first

stent graft is located in a middle portion of the stent graft.

10. The stent graft system of Claim 1. wherein the first stent graft is positioned in

a branch vessel, the first stent graft being supported by a main branch stent graft.

11. The stent graft system of Claim 10, wherein the branch vessel is an iliac

artery.

12. A stent graft system comprising:

a stent having a flow lumen therethrough;

a first inner graft supported along at least a portion of the length of the stent;

one or more openings formed through a wall of the first inner graft;

one or more valve members in communication with the one or more openings,

the valve members being configured to permit blood to flow from the lumen through

the openings into the space, and to at least inhibit the flow of blood from the space

through the openings and into the lumen; and

an outer graft positioned around the stent and configured to cover at least the

one or more openings formed through the wall of the first inner graft;

wherein the stent graft is configured such that a substantially sealed space is

created between the outer graft and at least the first inner graft and the one or more

valve members.

13. The stent graft system of Claim 12, wherein the first stent graft is a bifurcated

stent graft.

14. The stent graft system of Claim 12, wherein the one or more valve members

comprise one or more collapsible tubules configured to collapse and substantially close when

a fluid pressure inside the space is greater than a pressure inside the lumen.

15. The stent graft system of Claim 12, wherein the one or more valve members

comprise one or more flap members configured to selectively cover the one or more openings

formed through a wall of the first inner graft.



16. The stent graft system of Claim 15, further comprising a second inner graft

positionable over an outside surface of the stent, the second inner graft supporting the one or

more flap members formed on or affixed to the second graft.

17. The stent graft system of Claim 12, wherein the one or more valve members

are formed on or attached to the first graft.

18. The stent graft system of Claim 12, wherein the first graft is positioned on the

stent such that a first end portion of the stent is not covered by the first graft.

19. The stent graft system of Claim 12, wherein one or more of the openings has a

diameter between approximately 20µm and approximately 5mm.

20. The stent graft system of Claim 12, wherein one or more of the openings has a

diameter between approximately 50µm and approximately 2mm.

2 1. The stent graft system of Claim 12, wherein the first inner graft and outer graft

are made from polyester, PTFE, ePTFE, or polyurethane.

22. The stent graft system Claim 12, wherein the first inner graft is made from a

braided metal structure or from a porous material wherein the openings are pores in the

material.

23. The stent graft system of Claim 12, wherein blood enters the space through the

one or more openings when the stent graft is deployed in a blood vessel.

24. The stent graft system of Claim 23, wherein the blood in the space thomboses

after stent graft placement.

25. A method of treating a blood vessel with a stent graft, comprising:

positioning a first stent graft across the segment of the blood vessel to be

treated, the first stent graft having a first stent, an inner graft having a first portion and

a second portion, and an outer graft;

wherein:

the second portion of the inner graft is spaced apart from the first

portion of the inner graft so that a portion of the first stent is uncovered by the

inner graft; and

a first portion and a second portion of the outer graft are attached to at

least one of the first stent and the inner graft, the outer graft being unsupported



by the first stent or inner graft between the first and second portions of the

outer graft so as to create a tillable space between the outer graft and the inner

graft;

filling the space between the inner graft and the outer graft through the

uncovered portion of the stent with blood so that the outer graft expands outwardly

away from the inner graft; and

deploying a second stent graft inside the first stent graft so as to sealingly

cover the uncovered portion of the first stent graft, the second stent graft having a

second stent and a second graft.

26. The method of Claim 25, wherein the outer graft supports one or more

radiopaque markers thereon.

27. The method of Claim 25, further comprising monitoring the level of inflation

of the outer graft before deploying the second stent graft inside the first stent graft.

28. The method of Claim 25, wherein the second stent graft has a length that is

greater than a length of the uncovered portion of the first stent.

29. The method of Claim 25, wherein blood fills the space between the inner graft

and the outer graft when the first stent graft is positioned in the blood vessel.

30. The method of Claim 25, further comprising thrombosing the blood in the

space after stent graft placement.

3 1. The method of Claim 25, comprising filling the space between the inner graft

and the outer graft so that the outer graft expands outwardly against an inside surface of the

blood vessel.

32. The method of Claim 25, wherein the first stent graft is bifurcated.

33. A method of sealing a branch vessel with a stent graft, comprising:

positioning a first stent graft across the segment of the blood vessel to be

treated, the first stent graft having a first stent, an inner graft having a first portion and

a second portion, and an outer graft;

wherein:



the second portion of the inner graft is spaced apart from the first

portion of the inner graft so that a portion of the first stent is uncovered by the

inner graft; and

a first portion and a second portion of the outer graft are attached to at

least one of the first stent and the inner graft, the outer graft being unsupported

by the first stent or inner graft between the first and second portions of the

outer graft so as to create a fillable space between the outer graft and the inner

graft;

filling the space between the inner graft and the outer graft through the

uncovered portion of the stent with blood so that the outer graft expands outwardly

away from the inner graft and covers an ostium to a branch vessel; and

deploying a second stent graft inside the first stent graft so as to sealingly

cover the uncovered portion of the first stent graft, the second stent graft having a

second stent and a second graft.

34. The method of Claim 33, wherein the outer graft supports one or more

radiopaque markers thereon.

35. The method of Claim 33, further comprising monitoring the level of inflation

of the outer graft before deploying the second stent graft inside the first stent graft.

36. The method of Claim 33, wherein the second stent graft has a length that is

greater than a length of the uncovered portion of the first stent.

37. The method of Claim 33, comprising filling the space between the inner graft

and the outer graft so that the outer graft expands outwardly against an inside surface of the

blood vessel.

38. The method of Claim 33, wherein the first stent graft is bifurcated.

39. A stent graft system comprising:

a stent;

a first graft supported by the stent; and

a second graft surrounding substantially all of an outside surface of the first

graft;

wherein:



the first graft is formed from a porous material and is sized to cover at

least a portion of the length of the stent; and

a first portion and a second portion of the second graft are attached to

the first stent, the second graft being unsupported by the stent between the first

and second portions so as to form a fillable space between the second graft

and the first graft.

40. The stent graft system of Claim 39, wherein the inner graft is configured to

thrombose to substantially reduce the porosity of the first graft after placement in a patient's

vasculature.

41. The stent graft system of Claim 39, wherein at least a middle portion of the

second graft has a larger circumference than the first inner graft and the second inner graft.

42. The stent graft system of Claim 39, wherein the first stent graft is a bifurcated

stent graft.

43. The stent graft system of Claim 39, further comprising one or more

radiopaque markers supported by the second graft.
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