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(57) ABSTRACT 

Astent graft system for intralurninal deployment in an aorta 
and a branch vessel includes an aorta stent graft for deploy 
rnent Within an aorta and de?ning a lumen for the passage of 
blood therethrough, and having a fenestration aligned so as 
to alloW blood to How to a contiguous branch vessel. A 
branch vessel prosthesis having a ?aring portion, a tubular 
portion and an anchoring device, are con?gured so that, 
upon deployment, the tubular portion passes through the 
fenestration and into the branch vessel, the anchoring device 
af?Xes the position of the tubular portion Within the branch 
vessel, and the ?aring portion is retained Within the lumen 
of the aorta stent graft and is maintained against an inside 
Wall of the aorta stent graft to thereby bias the aorta stent 
graft toWard the branch vessel. 
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BRANCH VESSEL PROSTHESIS WITH 
ANCHORING DEVICE AND METHOD 

RELATED APPLICATIONS 

[0001] This application claims priority to provisional 
application No. 60/518,565 ?led on Nov. 8, 2003, the entire 
disclosure of Which is incorporated by reference herein. 

TECHNICAL FIELD 

[0002] This invention relates to medical devices and more 
particularly, to endoluminal devices suitable for various 
medical applications and the methods for making and using 
such endoluminal devices. 

BACKGROUND 

[0003] The functional vessels of human and animal bod 
ies, such as blood vessels and ducts, occasionally Weaken or 
even rupture. For example, an aortic Wall can Weaken, 
resulting in an aneurysm. Upon further exposure to hemo 
dynamic forces, such an aneurysm can rupture. In Western 
European and Australian men Who are betWeen 60 and 75 
years of age, aortic aneurysms greater than 29 mm in 
diameter are found in 6.9% of the population, and those 
greater than 40 mm are present in 1.8% of the population. 

[0004] One intervention for Weakened, aneurismal, dis 
sected or ruptured vessels is the use of an endoluminal 
device or prosthesis such as a stent graft to provide some or 
all of the functionality of the original, healthy vessel and/or 
preserve any remaining vascular integrity by replacing a 
length of the existing vessel Wall that contains the site of 
vessel Weakness or failure. Stent grafts for endoluminal 
deployment are generally formed from a tube of a biocom 
patible material in combination With one or more stents to 
maintain a lumen therethrough. Stent grafts effectively 
exclude the defect by sealing both proximally and distally to 
the defect, and shunting blood through its length. A device 
of this type can, for example, treat various arterial aneu 
rysms, including those in the thoracic aorta or abdominal 
aorta. 

[0005] Abifurcated stent graft, one example of an endolu 
minal prosthesis, is knoWn for use in treating abdominal 
aortic aneurysms, Where the stent graft at the proximal end 
de?nes a single lumen for placement Within the aorta and at 
the other end bifurcates into the iliac arteries. One such stent 
graft, disclosed in PCT application WO98/53761, is useful 
for repair of abdominal aortic aneurysms. That application 
discloses a stent graft that includes a sleeve or tube of 
biocompatible graft material such as Woven polyester fabric 
or polytetra?uoroethylene (PTFE) de?ning a main lumen 
and tWo iliac limbs. The stent graft further includes several 
stents secured therealong. The stent graft is designed to span 
an aneurysm that extends along the aorta betWeen the iliac 
and renal arteries. Unbifurcated stent grafts, in Which the 
distal portion extends into only one iliac artery in treating an 
abdominal aorta, or Which are used to treat the thoracic aorta 
are also used. 

[0006] In the WO98/53761 application, the fabric-covered 
portion of the single-lumen proximal end of the stent graft 
bears against the Wall of the aorta above the aneurysm and 
distal to the renal arteries to seal off the aneurysm. Thin Wire 
struts of a juxtarenal attachment stent traverse the renal 
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artery ostia Without occluding them. Barbs on the attach 
ment stent help anchor the stent graft in place. 

[0007] One stent graft approved by the Food and Drug 
Administration (FDA) to treat aortic aneurysms is the 
ZENITH® AAA Endovascular Graft (Cook Incorporated, 
Bloomington, Ind.). The ZENITH® AAA Endovascular 
Graft is made up of three prosthetic modules: a bifurcated 
main body module and tWo leg modules. The main body is 
positioned in the aorta. The legs are positioned in the iliac 
arteries and connect to the main body. The stent graft thus 
extends from a section of the aorta, typically beloW the renal 
arteries and into both iliac arteries. The graft material is 
made of a Woven polyester fabric like that used in open 
surgical repair. Standard surgical suturing techniques are 
used to seW the graft material to a frame of stainless steel 
stents. These self-expanding stents provide support for the 
graft material. 

[0008] An endoluminal prosthesis may be comprised of 
multiple prosthetic modules. A modular prosthesis alloWs a 
surgeon to accommodate a Wide variation in vessel mor 
phology While reducing the necessary inventory of differ 
ently siZed prostheses. For example, aortas vary in length, 
diameter and angulation betWeen the renal artery region and 
the region of the aortic bifurcation. Prosthetic modules that 
?t each of these variables can be assembled to form a 
prosthesis, obviating the need for a custom prosthesis or 
large inventories of prostheses that accommodate all pos 
sible combinations of these variables. A modular system 
may also accommodate deployment options by alloWing the 
proper placement of one module before the implantation of 
an adjoining module. 

[0009] Modular prostheses are typically assembled in situ 
by overlapping the tubular ends of the prosthetic modules so 
that the end of one module sits partially inside the other 
module, preferably forming circumferential apposition 
through the overlap region. This attachment process is called 
“telescoping.” The connections betWeen prosthetic modules 
are typically maintained by the friction forces at the overlap 
region and enhanced by the radial force exerted by the 
internal prosthetic module on the external prosthetic mod 
ules Where the tWo overlap. The ?t may be further enhanced 
by stents attached to the modules at the overlap region. 

[0010] In many cases, hoWever, the damaged or defected 
portion of the vasculature may include a branch vessel. For 
example, in the case of the abdominal aorta, there are at least 
three branch vessels, including the celiac, mesenteric, and 
renal arteries, leading to various other body organs. Thus, 
When the damaged portion of the vessel includes one or 
more of these branch vessels, some accommodation must be 
made to ensure that the stent graft does not block or hinder 
blood ?oW through the branch vessel. 

[0011] Attempts to maintain blood How to branch vessels 
have included providing one or more fenestrations or holes 
in the side Wall of the stent graft. Other attempts have 
included providing a stent graft in Which the branch vessel 
portion of the vessel is spanned by Wires or the like. These 
devices have been used to treat diseased vessels, such as 
abdominal aortic aneurysms Within the aorta that extend to 
or above the renal, celiac and/or mesenteric arteries. Gen 
erally, this treatment involves aligning the fenestrations With 
the branch vessels, Which may extend approximately at right 
angles on both sides from the aorta. 
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[0012] In many cases, the vasculature is not symmetric. In 
addition, even With symmetrical vasculature, physiological 
forces may cause a previously placed branch vessel stent 
graft to shift causing the position of the fenestration With 
respect to the branch vessel to become offset. In other 
instances, the diseased vasculature may extend into the 
branch vessel and affects the ostium of the branch vessel. In 
some circumstances the branch vessel stent graft deployed 
Within the main vessel may not properly seal and secure to 
the branch vessel and lead to leaks (endoleaks) betWeen the 
branch vessel stent graft and the main vessel, a reduced 
blood ?oW to the branch vessels, and/or obscure access to 
portions of the branch vessel, necessitating further interven 
tional procedures. 

[0013] When treating a vessel With an endoluminal pros 
thesis, it may therefore be preferable to preserve the original 
circulation by providing a prosthetic branch that extends 
from the prosthesis to a side branch vessel so that the blood 
?oW into the branch vessel is not impeded. For example, the 
aortic section of the ZENITH® abdominal aortic stent graft 
(Cook Incorporated, Bloomington, Ind.), described above, 
can be designed to extend above the renal arteries, and/or the 
celiac or mesenteric arteries, and to have prosthetic side 
branches that extend into the renal arteries. Branch vessel 
prostheses can form a connection to an aortic stent graft 
through fenestrations in the stent graft to complete the 
prosthesis. Furthermore, some aneurysms extend into the 
branch vessels in both the thoracic and abdominal aorta. 
Deploying prostheses With prosthetic branches into these 
vessels may help prevent expansion and/or rupture of these 
aneurysms. 

[0014] In other situations, it may not be necessary to form 
a lumen that extends into the branch vessel, ie a stent graft. 
Instead, it may only be necessary to maintain patency of the 
branch vessel by propping the Walls of the branch vessel 
open, also knoWn as “stenting.” In these situations, the 
branch vessel prosthesis can be a mere stent, also knoWn as 
an “open stent” or “bare stent.” 

[0015] Thus, there remains a need for a device a branch 
vessel stent or stent graft to secure and seal the branch vessel 
stent graft to a branch vessel and Within a fenestrated device. 

SUMMARY 

[0016] This application relates to a branch vessel stent for 
use in connection With a fenestrated stent graft device for 
placement in a vessel of a body. 

[0017] In particular, this application relates to a stent graft 
system for intraluminal deployment in an aorta and a branch 
vessel is provided that includes an aorta stent graft for 
deployment Within an aorta and de?ning a lumen for the 
passage of blood therethrough, and having a fenestration 
aligned so as to alloW blood to ?oW to a contiguous branch 
vessel. The system further includes a branch vessel prosthe 
sis having a ?aring portion, a tubular portion and an anchor 
ing device, Where the ?aring portion, tubular portion and 
anchoring device are con?gured so that, upon deployment, 
the tubular portion passes through the fenestration and into 
the branch vessel, the anchoring device af?xes the position 
of the tubular portion Within the branch vessel, and the 
?aring portion is retained Within the lumen of the aorta stent 
graft and is maintained against an inside Wall of the aorta 
stent graft to thereby bias the aorta stent graft toWard the 
branch vessel. 
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[0018] A method of repairing a defect in an aorta and/or a 
branch vessel in a patient having an aorta stent graft de?ning 
a lumen and having a fenestration aligned With a branch 
vessel is provide. The method includes providing a branch 
vessel prosthesis having a ?aring portion, a tubular portion 
and an anchoring device, endoluminally deploying the 
branch vessel prosthesis such that the tubular portion passes 
through the fenestration and into the branch vessel. The 
?aring portion is retained Within the lumen of the aorta stent 
graft. The tubular portion is affixed at a sufficient depth such 
that the ?aring portion is maintained against an inside Wall 
of the aorta stent graft to thereby bias the aorta stent graft 
toWard the branch vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention can be better understood With refer 
ence to the folloWing draWings and description. The com 
ponents in the ?gures are not necessarily to scale, emphasis 
instead being placed upon illustrating the principles of the 
invention. Moreover, in the ?gures, like referenced numerals 
designate corresponding parts throughout the different 
views. 

[0020] FIG. 1 shoWs an abdominal aorta With an aorta 
stent graft having fenestrations aligned With the renal arter 
ies; 
[0021] FIG. 1A is a partial side cross-section of the aorta 
stent graft of FIG. 1 having a branch vessel prosthesis. 

[0022] FIG. 1B is a top cross-sectional vieW of the aorta 
stent graft of FIG. 1 having a branch vessel prosthesis. 

[0023] FIG. 2A illustrates a stent graft positioned in the 
thoracic aorta and having fenestrations aligned With the left 
subclavian artery and the left common carotid artery. 

[0024] FIG. 2B shoWs the aorta stent graft of FIG. 2A 
With a branch vessel prosthesis extending into the subclavian 
artery. 

[0025] FIG. 3 is a partial illustration of the abdominal 
aorta With an aorta stent graft placed in an iliac artery and 
having a branch vessel prosthesis extending into the hypo 
gastric artery. 

[0026] FIG. 4A is a perspective vieW of a branch vessel 
prosthesis having a ?areable portion and a tubular portion. 

[0027] FIG. 4B is a perspective vieW of the branch vessel 
prosthesis of FIG. 4A placed in a fenestration of an aorta 
stent graft. 

[0028] FIG. 4C is perspective vieW of a partially deployed 
branch vessel prosthesis. 

[0029] FIG. 5 is perspective vieW of a branch vessel 
prosthesis have a reinforcement ring at its proximal end. 

[0030] FIG. 6 is a perspective vieW of the branch vessel 
prosthesis of FIG. 5 in a partially deployed state. 

[0031] FIG. 7 is a partial cross-sectional vieW of a branch 
vessel prosthesis having a reinforcement ring at its proximal 
end and an aorta stent graft fenestration having a reinforce 
ment ring about its circumference. 

[0032] FIG. 8 is illustrates a branch vessel prosthesis 
comprising a helical coil stent graft positioned in an aorta 
stent graft and the branch vessel. 
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[0033] FIG. 9 shows the helical coil branch vessel pros 
thesis of FIG. 8 in greater detail. 

[0034] FIG. 10 shoWs a branch vessel prosthesis having a 
?areble stent portion. 

[0035] FIGS. 11-14 are partial vieWs of a stent con?gu 
ration having a bending portion for use With a branch vessel 
prosthesis. 

[0036] FIGS. 15-16 are partial vieWs of alternative bend 
ing portions. 

[0037] FIG. 17 shoWs a branch vessel prosthesis in Which 
a portion of the stent forms a proximal bulge. 

[0038] FIG. 18 is a partial cross-sectional vieW of a 
branch vessel prosthesis positioned in an aorta stent graft 
having a ?aring attachment mechanism. 

[0039] FIG. 19 shoWs the attachment mechanism of FIG. 
18. 

[0040] FIG. 20 is a perspective vieW of branch vessel 
prosthesis having an inverted ?aring portion. 

[0041] FIG. 21 is a cross-sectional vieW of the branch 
vessel prosthesis of FIG. 20 placed in an aorta stent graft 
and branch vessel. 

[0042] FIG. 22 is an exploded perspective vieW of an 
introducer system that may be used to deploy an aorta stent 
graft or a branch vessel prosthesis. 

[0043] FIG. 23 is a partial side vieW of an introducer for 
a branch vessel prosthesis. 

[0044] FIG. 24A-C are cross-sectionals vieWs of the 
deployment of a branch vessel prosthesis in an aorta stent 
graft. 

[0045] FIG. 25 is a cross-sectional vieW of a positional 
indicator system for use With a branch vessel prosthesis. 

[0046] FIGS. 26A-E illustrate a balloon catheter deploy 
ment system, including a positional indicator system, that 
may be used to deploy a branch vessel prosthesis. 

[0047] FIGS. 27A-H illustrate balloon deployment sys 
tems that may used to deploy or expand a branch vessel 
prosthesis. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] To help understand this description, the folloWing 
de?nitions are provided With reference to terms used in this 
application. 

[0049] Throughout this speci?cation and in the appended 
claims, When discussing the application of this invention to 
the aorta or other blood vessels, the term “distal” With 
respect to such a device is intended to refer to a location that 
is, or a portion of the device that When implanted is, further 
doWnstream With respect to blood ?oW; the term “distally” 
means in the direction of blood ?oW or further doWnstream. 
The term “proximal” is intended to refer to a location that is, 
or a portion of the device that When implanted is, further 
upstream With respect to blood ?oW; the term “proximally” 
means in the direction opposite to the direction of blood ?oW 
or further upstream. 
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[0050] The term “prosthesis” means any replacement for a 
body part or function of that body part. It can also mean a 
device that enhances or adds functionality to a physiological 
system. As used herein, “prosthesis” includes a stent, a graft, 
and/or a stent graft. 

[0051] The term “endoluminal” describes objects that are 
found or can be placed inside a lumen in the human or 
animal body. A lumen can be an existing lumen or a lumen 
created by surgical intervention. This includes lumens such 
as blood vessels, parts of the gastrointestinal tract, ducts 
such as bile ducts, parts of the respiratory system, etc. An 
“endoluminal prosthesis” is thus a prosthesis that can be 
placed inside one of these lumens. Astent graft is a type of 
endoluminal prosthesis. 

[0052] The term “stent” means any device or structure that 
adds rigidity, expansion force or support to a prosthesis. In 
some cases, the stent, by itself, is the prosthesis. Astent may 
be self-expanding, balloon expandable or may have both 
characteristics. A ZigZag stent is a stent that has alternating 
struts and peaks (i.e., bends) and de?nes a generally cylin 
drical space. A “Gianturco Z stent” is a type of self 
expanding ZigZag stent. HoWever, variety of other stent 
con?gurations are contemplated by use of the term stent. 

[0053] The term “stent graft” is intended to refer to a 
prosthesis comprising a stent and a graft material associated 
thereWith that forms a lumen through at least part of its 
length. 

[0054] The term “branch vessel” refers to a vessel that 
branches off from a main vessel. The “branch vessels” of the 
thoracic and abdominal aorta include the celiac, inferior 
phrenic, superior mesenteric, lumbar, inferior mesenteric, 
middle sacral, middle suprarenal, renal, internal spermatic, 
ovarian (in the female), innominate, left carotid, and left 
subclavian arteries. As another example, the hypogastric 
artery is a branch vessel to the common iliac, Which is a 
main vessel in this context. Thus, it should be seen that 
“branch vessel” and “main vessel” are relative terms. 

[0055] The term “aorta stent graft” refers to a prosthesis 
that shunts blood through a main vessel. An “aorta stent graft 
lumen” runs through the aorta stent graft. 

[0056] The term ?aring, as used herein, encompasses the 
terms ?ared and ?areable. 

[0057] An aorta stent graft may be deployed Within a body 
lumen having branch vessels to repair the body lumen. In 
order to prevent the occlusion of branch vessels, some 
accommodation may be necessary to preserve ?oW into 
those vessels. Thus, for those situations, it is desireable to 
provide branch vessel prostheses extending from the aorta 
stent graft into the branch vessels in order to preserve How 
to those branch vessels. The present invention provides a 
branch vessel prosthesis, for use With an aorta stent graft 
de?ning a lumen and having a fenestration aligned With a 
branch vessel, including a ?aring portion and a tubular 
portion. The ?aring portion is retained Within the lumen of 
the aorta stent graft and the tubular portion passes through 
the fenestration and into the branch vessel. 

[0058] FIG. 1 illustrates a bifurcated aorta stent graft 1 
that having a proximal end 2 and a distal end 3, that has been 
positioned in an abdominal aortic aorta 4 from a point above 






















