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(57) ABSTRACT 
A low profile, abdominal aortic aneurysm exclusion device 
with iliac vessel eXtensions. The present invention includes 
a Sectional, bifurcated Stent that forms part of an endolumi 
nal prosthesis to eliminate or reduce the risk of rupture of 
aortic aneurysms as well as an apparatus and a method for 
introducing the bifurcated Stent in Sections into the vascu 
lature and assembling the Sections in Situ to form a “scaf 
fold' for introduction of material to re-endothelialize and/or 
occlude the aneurysm cavity. After trans-Stent embolization 
of the aneurysm cavity with thrombogenic material, laminar 
flow stimulates endothelialization of the stent lumen. Sub 
Sequent organization and fibrosis of the peri-Stent thrombus 
reinforces the wire-mesh or etched metal tubular scaffold 
comprising the Stent and Serves to Stabilize and shrink the 
aneurysm. A Single Stent deployed with the same method 
may be used in non-bifurcated vessels. 

  



Patent Application Publication Oct. 28, 2004 Sheet 1 of 7 US 2004/0215316A1 

FIG. 1A 
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FIG. 1B 
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FIG. 5B 
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PERCUTANEOUS IMPLANTATION OF 
PARTIALLY COVERED STENTS IN 

ANEURYSMALLY DILATED ARTERIAL 
SEGMENTS WITH SUBSEQUENT 

EMBOLIZATION AND OBLITERATION OF THE 
ANEURYSM CAVITY 

BACKGROUND OF THE INVENTION 

0001 Astent is used to provide a prosthetic intraluminal 
wall, e.g., in the case of a Stenosis to provide an unobstructed 
conduit for blood through the area of the Stenosis. An 
endoluminal prosthesis comprises a Stent which carries a 
prosthetic graft layer of fabric or other material and is used 
in the instant invention to treat an aneurysm by removing the 
preSSure on a weakened part of an artery So as to reduce the 
risk of distal embolization or rupture of the distended wall 
of the aneurysm. 
0002 Typically, a stent or endoluminal prosthesis is 
implanted in a blood vessel at the Site of the aneurysm by 
minimally invasive techniques in which the Stent is com 
pressed along its long axis and is delivered by catheter to the 
Site where it is required. A cut down technique in which the 
blood vessel to be used as conduit is exposed by minor 
Surgical means. Various catheters or sheaths are inserted 
through Small openings made in the conduit blood vessel. 
The Stent is directed into the correct position and the catheter 
is withdrawn. The catheter's withdrawal allows the stent to 
re-expand to a predetermined diameter in the vessel. 
0003) Aneurysms in vessel walls at or near bifurcations 
pose additional problems because the intraluminal Support 
provided by the stent must extend from the main vessel into 
both branches of the bifurcation. This requirement compli 
cates the procedures for introducing the catheters for posi 
tioning the Stent(s), as well as insertion and placement of the 
Stent components to conform to the configuration of the 
bifurcation. Stent branches must be joined with the main 
Stent in the correct configuration and without leakage at any 
juncture. It is also desirable to conduct additional procedures 
to thrombose the material in the aneurysm cavity and to 
ensure re-endotheliazation of the Stent walls. 

0004. A number of prostheses are known for treating the 
formation of aneurysms in bifurcated body lumens. A typical 
previously practiced bifurcated prosthesis comprises a hol 
low tubular graft having a main Section and first and Second 
legs or extensions. For example, in open Surgery to repair an 
abdominal, aortic aneurysm, the main Section of the proS 
thesis is Sutured to the aorta below the renal arteries, and the 
first and Second branches of the graft are Sutured to the 
corresponding iliac arteries. Surgical implantation of known 
prostheses poses a major risk of mortality and morbidity, and 
open Surgical implantation frequently cannot be performed 
on patients in poor health. 
0005. Even if surgery is deemed of acceptable risk, the 
cumulative mortality of patients with Spontaneous rupture of 
abdominal aortic aneurysms is approximately Seventy-five 
percent (75%), despite emergency Surgical treatment. The 
likelihood of rupture is under five percent in aneurysms leSS 
than 5 cm in diameter; however, in aneurysms larger than 
this, Surgery is required to reduce the risk of Spontaneous 
rupture and hemorrhage. The mortality of Such Surgery 
ranges between four and eight percent (4-8%). The highest 
risk occurs in patients greater than sixty-nine (69) years of 
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age with chronic obstructive pulmonary disease, left ven 
tricular hypertrophy or a history of cerebral vascular disease. 
In an attempt to lower the mortality of aneurysm repair, 
percutaneous treatment of aortic aneurysms has been 
attempted. Attempts using covered Stent grafts to treat the 
aneurysm have been approximately eighty-five percent 
(85%) Successful. Some patients undergoing this procedure 
require conversion in open Surgical operations. Other Seri 
ous complications occur in approximately ten percent (10%) 
of the patients So treated. Many of these patients develop a 
post implantation Syndrome consisting of leukocytosis and 
elevated C-reactive protein levels. Other difficulties with 
covered Stent grafts include difficulty in placement of the 
grafts, potential for obliteration of branch vessel Ostia with 
the Stent graft which in turn might compromise flow to 
lumbar or Visceral arteries. 

0006. In attempts to overcome the drawbacks associated 
with Surgically implanted grafts, a number of methods and 
devices have been developed to implant Such grafts percu 
taneously. Kornberg, U.S. Pat. No. 4,562.596 describes a 
bifurcated graft for intraluminal, percutaneous implantation. 
The graft comprises a hollow tubular main portion con 
nected to a first leg and a shorter Second leg. The main 
portion includes a plurality of barbs that impale the healthy 
tissue of the aorta to maintain the graft in position. Such 
grafts have a drawback in their inability to provide a fluid 
tight Seal at the ends of the graft. Without adequate Sealing, 
bypass flow paths (endo leaks) may develop between the 
graft and the aneurysm wall, which may eventually cause 
rupture of the aneurysm. 
0007 Chuter, U.S. Pat. No. 5,387,235 describes a bifur 
cated graft having a main portion connected to first and 
Second legs. The main portion, first and Second legs each 
include a barbed Self-expanding anchor ring that engages 
healthy tissue in either the aorta or the iliac arteries to retain 
the graft in position. These types of devices have a drawback 
that the diameter of the delivery System must be large 
enough to accommodate the combined diameters of each of 
the anchor deployment mechanisms. Thus, it may not be 
possible to use the device taught in the Chuter 235 patent 
in patients having Small diameter femoral or iliac arteries. 
0008. Yet another drawback of previously known bifur 
cated grafts is the difficulty encountered in pulling the legs 
of the graft into the branch vessels. While a number of 
methods have been described in the prior art for accom 
plishing this task, these methods generally involve Snaring a 
guide wire, either in the iliac artery or in the abdominal 
aorta, to place a guide wire for deploying the leg of the graft 
in the contralateral branch. 

0009 Shmulewitz, U.S. Pat. No. 5,961,548 describes a 
bifurcated graft, and methods of implantation that provide 
positive Sealing between the graft and healthy tissue proxi 
mal and distal of the graft site. Shmulewitz further describes 
methods of implantation of a bifurcated graft that enable 
Smaller diameter delivery Systems to be employed than are 
taught in the prior art as well as enhancement of the ease 
with which the legs of the graft may be deployed in the 
branches of a bifurcated body lumen. 
0010. The drawback presented in the graft and methods 
taught in Shmulewitz 548 is that the stent graft is covered, 
which has four major problems: 

0011 (1) Covered stent grafts are 22 For greater and 
must be inserted by Surgical cutdown due to the 
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obligate nature of increased bulkiness of a Stent 
covering combined with the metallic Substrate being 
incompressible and, therefore, unable to be com 
pressed below 22 F. 

0012 (2) Covering the stent graft completely elimi 
nates blood flow to the side branches, Such as the 
lumbars from the central lumen. This elimination of 
blood flow has produced paraplegia in animal mod 
els. However, retrograde collateral flow from the 
lumbarS is not prevented. This leads to endo leaks 
with the potential for aneurysm expansion in humans 
who have been implanted with similar devices. 

0013 (3) In patients with short cuffs of normal aorta 
below the renal arteries, completely covered Stent 
grafts are not able to achieve Secure placement and 
are therefore prone to dislodgment and axial migra 
tion with Subsequent endo leaking and aneurysm 
expansion and rupture. 

0014 (4) The second covered stent graft is designed 
to dock minimally within the first. There are several 
other similar designs, which have a very high inci 
dence of left iliac Side branch graft dissociation in 
time due to healing and/or expansion of the aneu 
rysm. This disassociation of the left iliac side branch 
portion from the main graft results in leakage of 
blood into the aneurysm cavity, further expansion of 
the aneurysm and late, often fatal, aneurysm rupture. 

0015 Rhodes, U.S. Pat. No. 5,843,160, describes 
expandable, intraluminal prosthesthes for the treatment of 
aneurysmal or occlusive disease at a bifurcation of a vessel, 
duct or lumen. Each prosthesis taught by Rhodes includes 
three expandable sleeve Sections which are arranged to be 
located in respective portions of the vessel, duct or lumen 
contiguous with the bifurcation and Secured together in situ. 
The Rhodes prosthesis for aorto-iliac aneurysmal disease 
includes a common, Stent Supported sleeve Section having an 
expandable Outer balloon for engaging and trapping the 
thrombus in the aneurysmal Space in the abdominal aorta, 
and a pair of Stent-Supported Sleeve limb Sections. The limb 
Sections are connected to the common Section to provide a 
passage for blood to flow through the prostheses. One or 
more of the limb Sections can also include an outer balloon 
for engaging the thrombus within its associated aneurySmal 
Space. Sealing mesh is provided on the prosthesis to prevent 
the egreSS of emboli and to permanently Secure it in place. 
The Rhodes prosthesis for aorto-iliac occlusive disease is 
Similar to the prosthesis for aneurysmal disease, except that 
the Sections of the prosthesis do not include an outer balloon. 
The invention described by Rhodes presents several prob 
lems: 

0016 (1) The device is bulky, including at least four 
Superimposed layers with inner Stent rings, an out 
Side fabric covering, balloon material external to this 
fabric covering, and Subsequently mesh or other 
thrombogenic material covering the balloon. This 
degree of bulkineSS may preclude percutaneous 
delivery and requires Surgical interventions for inser 
tion. 

0017 (2) The external balloon feature of this design 
is particularly problematic. In other applications with 
permanently implanted balloons (Such as emboliza 

Oct. 28, 2004 

tion balloons for treating large arterial venous mal 
formations) the balloon material degrades and rup 
tures after Several months to years post implant. 
Such an occurrence in this situation would be disas 
trous and would likely lead to further aneurysm, 
expansion, and rupture. 

0018 (3) Simply placing mesh or fibers in a poten 
tial Space has not produced thrombosis and fibrosis 
of the aneurysm cavity in humans. This space must 
be almost completely filled with thrombogenic mate 
rial for the progressive thrombosis and fibrosis to 
OCC. 

0019 (4) This covered stent design precludes place 
ment in patients with a short cuff of normal aorta 
below the renal ostia. 

0020 (5) This stent graft will lack axial stability due 
to the fact that the Stent Segments are interspersed 
throughout the fabric graft. The fabric will then be 
prone to collapsing upon itself axially without Sup 
port of a continuous Stent within it to form a back 
bone. 

0021 (6) In human applications of similar devices, 
axial dislodgment also produces a Significant inci 
dence of endo leaks, further aneurysm expansion, 
and rupture. 

0022. Fischell, U.S. Pat. No. 5,749,825, discloses a sys 
tem designed for treatment of coronary artery Stenoses, not 
aortic aneurysms. It has no provision for exclusion of the 
aneurysm cavity. Treatment of bifurcation coronary disease 
is already readily accomplished using conventional balloon 
expandable Stent Systems. 

0023 Dorros, U.S. Pat. No. 5,720,735, discloses a device 
designed for treatment of Stenotic or occlusive vascular 
disease in bifurcated Segments. There are no implications for 
its use in aneurysmal disease as taught by the instant 
invention, particularly with regard to occlusion of the aneu 
rysm cavity. 

0024. Goicoechea et al., U.S. Pat. No. 5,718,724, 
describes a covered Stent graft for treatment primarily of 
aortic aneurysm and bifurcation aortic aneurysm disease. 
Problems with this device include: 

0025 (1) This device is designed to be deployed just 
below the renal arteries without retention hooks, thus 
allowing for axial dislodgment in the case of Short 
necks of normal aorta immediately below the renal 
artery Ostia. Without a direct application mechanism, 
and without adequate axial Stability, this graft will 
have a tendency to Suffer axial dislodgment with 
Subsequent endo leaks, aneurysm expansion, and 
rupture. 

0026 (2) The links in the stent material are not 
constructed from a Solid tube and thus are prone to 
late fracture with Subsequent penetration of the graft 
material which would permit leakage of blood into 
the aneurysm cavity, aneurysm expansion, and late 
rupture. 

0027 (3) The short overlap segment of the bifurca 
tion Segments. Lack of positioning of the bifurcation 
Segments at the aortic bifurcation leads to significant 
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axial instability of the bifurcation Segments and late 
disruption of the junction with leakage of blood into 
the aneurysm cavity, aneurysm expansion, and late 
aneurysm rupture. Similar devices have Suffered 
Significant incidences of late aneurysm rupture due 
to the above mentioned design issues. 

0028 Parodi, U.S. Pat. No. 5,693,087, discloses a device 
designed as a composite of a proximal Stent bonded to 
traditional tubular vascular grafting material Such as 
DACRONGR). 

0029 Problems with this device include: 
0030 (1) There is no internal stent structure, which 
allows the potential for axial migration. 

0031 (2) The proximal stent is not designed to cover 
the renal Ostia; therefore, positioning this Stent in 
patients with short necks below the renal arteries can 
be problematic and prone to axial migration and 
endoluminal leakage. 

0032 (3) The bulkiness of the device precludes 
percutaneous delivery and it must be inserted using 
Surgical cutdown techniques. 

0033 (4) The commercial version most commonly 
utilized is not bifurcated and therefore the contralat 
eral iliac is excluded from blood flow within the 
Stent. This exclusion necessitates coil embolization 
of the contralateral vessel, followed by a Surgical 
femoral-femoral bypass to the contralateral iliac, 
which is decidedly invasive. 

0034) (5) Further difficulty with deployment of this 
device is the necessity for Stopping the heart during 
proximal Stent expansion to prevent axial migration. 
While in most cases this can be done with intrave 
nous adenosine without Sequelae, Significant poten 
tial risk does exist with this maneuver. 

0035 Marin, U.S. Pat. No. 5,695,517, discloses a bifur 
cation Stent graft utilizing Separate bifurcation limbs. The 
graft material is Sewn to Stents, which are Subsequently 
manually formed into a “D’ type configuration. Problems 
with this device include: 

0036 (1) The device is bulky and cannot be deliv 
ered percutaneously. It must be delivered by inser 
tion by Surgical incision and repair. 

0037 (2) Since the graft material does not have 
continuous Stent Support, there is a considerable 
degree of axial instability. The short Stent Segment 
requires a long Segment of normal aorta prior the 
aneurysm, below the renal arteries, for deployment 
and there is no provision for above renal artery 
deployment. 

0038 (3) Since the grafts are independent, slight 
Slippage of either limb of the graft produces a major 
disruption of the mechanical connection between 
them, which is largely frictionally based. This dis 
ruption potentially leads to a major endoluminal 
leak, aneurysm expansion, and rupture. 

0.039 (4) The “D” type configuration is achieved by 
use of a mechanical linkage device rather than Self 
expansion of preformed “D'Segments. Furthermore, 
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the “D” segment is just below the renal arteries 
rather than at the bifurcation and it is not constrained 
by an external main Stent. Therefore, mechanically, it 
is significantly unstable. 

0040 Marinet al., U.S. Pat. No. 5,507,769. This patent is 
similar to the previous Marin U.S. Pat. No. 5,695,517 and 
presents similar limitations and/or disadvantages including: 

0041 (1) The short stent segment proximally pre 
cludes axial Stability Since the renal vessels cannot 
be crossed with this device. 

0042 (2) The lack of continuous stent material, 
proximally to distal, leads to further axial instability. 
Axial displacement of the graft would lead to mas 
Sive endo leak, aneurysm expansion, and rupture. 

0043 (3) The covered, non-permeable nature of the 
graft material could exclude Side branches, providing 
further pressurization of the aneurysm cavity from 
the Side branches, but, in addition, limiting antegrade 
blood flow through the side branches, which may 
lead to lumbar ischemia. 

0044) (4) The semi-circular proximal segment is by 
definition in a tapered area of the aorta and, there 
fore, cannot achieve Sufficient axial Stability to main 
tain its position. It also has no longitudinal tapering 
which would help in preventing axial displacement. 

0045 Edoga, U.S. Pat. No. 5,591,228, teaches a device 
requiring insertion through a Surgical incision, including left 
subclavian artery and bilateral femoral arteries. The device 
entails graft material adherent to loose, large cell Stents 
inside the proximal distal portions of the graft material. 
Problems include: 

0046 (1) This device is bulky and cannot be inserted 
percutaneously. 

0047 (2) It has poor axial stability since the proxi 
mal and distal limbs are fixed by stents, but there is 
loose graft material between the Stents. 

0048 (3) It will not be applicable for patients with 
Small aneurysm necks below the renal arteries, or 
Short aneurysm necks below the renal arteries. 

0049 (4) The risk of graft material perforation sec 
ondary to fatigue fracture of the loose Stent Struts is 
excessive. This perforation could Subsequently result 
in aneurysm expansion and late rupture. 

0050 Vorwerket al., U.S. Pat. No. 5,562,724, discloses a 
design consisting of a porous bag attached to a proximal ring 
Stent. The bag is non-penetrable to blood and, therefore, 
cannot be crossed to embolize the Surrounding aneurysm 
cavity. Problems with this design include: 

0051 (1) This design allows for poor axial stability 
given the short Stent Segment and the covered design 
therefore precluding placement above the renal arter 
ies. Therefore, aneurysms with short necks will have 
a very short Space for Stabilization of the proximal 
portion. Axial migration will be prone to occur with 
Subsequent Severe endo leak, aneurysm expansion, 
and late rupture. 

0.052 (2) The legs are covered stents. The wires that 
are used to insert these legs are not angled and, 
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therefore, they have potential for kinking within the 
main proximal Stent. The non-permeable nature of 
this device, as described in the 724 patent, predis 
poses it to significant endo leaks from the lumbars as 
well as potentially from the iliac vessels. 

0053 Shakinovich, U.S. Pat. No. 5,669,924, describes a 
Y-Stent/shuttle delivery System designed for use in treatment 
of atherOSclerotic bifurcation disease in relatively Small 
vessels. To be applicable for aortic aneurysm applications it 
would have to be delivered from a Superior approach. The 
Size necessary for Such a device would exceed the available 
access size for Superior delivery, Such as the brachial artery. 
Therefore, this device would be limited to treating athero 
Sclerotic obstructions in Small-to-medium size vessels, Sig 
nificantly Smaller than the aortic bifurcation, and would 
have no utility for treatment of aortic aneurysms. Similarly, 
there is no provision for occluding blood flow into aneurysm 
cavities should it be modified for treatment of aortic aneu 
rySms. 

SUMMARY OF THE INVENTION 

0054) To overcome the disadvantages and limitations of 
the prior art, the present invention provides a main wire 
mesh stent or scaffold for placement in the lumen of a blood 
vessel with an aneurysm at or near a bifurcation in the 
vessel. A particular example of the invention may be used in 
the abdominal aorta in patients with an abdominal aortic 
aneurysm. DACRONOR tufts, bio-compatible foam or gel are 
bonded to the external Surface of the stent to stimulate 
thrombosis of the aneurysm cavity and endothelialization of 
the graft lumen. Radio-opaque markers delineate the mar 
gins of the partially covered regions on the Stent and assist 
in placement of the elements of the Stent in the appropriate 
position in the vessel proximate to the location of the 
aneurysm. The present invention also comprises two bifur 
cation Segments, or Stents, comprised of a memory retentive 
material that is compressible to a first shape for insertion into 
the vessel and Subsequent expansion in a position that 
substantially overlaps with and fits tightly within the main 
Stent, with a larger profile above the bifurcation, acting like 
a “cork to resist displacement and/or Subsequent disasSo 
ciation of the bifurcation stents. Each of the bifurcation 
Stents that comprise the present invention are configured in 
a Semi-circular, half-cork type of configuration that is 
tapered at the level of the bifurcation to give the Stent a 
frustroconical shape with the larger, proximal end being the 
end that expands into contact with the inside wall of the 
main Stent, thereby preventing axial displacement. 

0055 Variable cell sizes (openings in the stent wall) are 
utilized to minimize obstruction to side branch flow proxi 
mally (at the level of the renal arteries) and to maximize 
internal laminar flow distal to the renal arteries. Tapered, 
Semi-circular, proximal orifices on the bifurcation Stent 
elements optimize in-flow proximally and facilitate proxi 
mation and juncture with the main Stent. Distally, the Stents 
expand to a tubular conformation, thus maximizing contact 
with the iliac lumens. 

0056 Angled guide-wires with marker bands are used to 
position the bifurcation Stents and direct their deployment. 
Radio-opaque markers on the bifurcation deployment sheath 
are used to insure proper alignment of the bifurcation Stent 
elements. Trans-Stent placement of vascular occlusion coils, 
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polymeric foams, gels or glues Stimulates closure of the 
aneurysm cavity external to the Stent assembly. The Small 
sheath Size allows percutaneous closure of the vascular 
acceSS Sites in most patients, further reducing risks for 
bleeding complications, reducing both morbidity and time to 
ambulation. 

0057. In a preferred method in accordance with the 
present invention, the delivery of coils, or other thrombo 
genic material Such as polymers, gels or glues, is guided 
angiographically or with intravascular ultrasound to insure 
obliteration of the aneurysm cavity external to the Stent 
lumen. Gradual thrombosis and fibrosis of the aneurysm 
cavity lead to Shrinkage of the aneurysm cavity around the 
wire/steel, NITENOLTM reinforced aortic wall, which in 
turn will prevent later rupture of the aneurysm. This Safe and 
effective technique for percutaneous treatment of aortic 
aneurysms presents very low risk and enables preventive 
placement of the device in patients not previously consid 
ered good candidates for Surgery, e.g., patients with Small 
(less than four centimeter) aortic aneurysms or those with 
Significant co-morbidities. 
0058. It is therefore an object of the instant invention to 
provide a device Specifically designed for treatment of an 
aneurysm of the descending aorta or other blood vessels 
with naturally occurring or traumatic (pseudo aneurysm) 
arterial bulging with the potential for either rupture or distal 
embolization. The invention may be used in linear, curved or 
bifurcated vessels. The invention presents a unique device 
and method for treating aneurysms particularly when an 
aneurysm occurs proximal to a bifurcation in a vessel. 
0059. It is a further object of the instant invention to 
provide a device featuring an open or Semi-permeable Stent 
design, allowing for Secure placement with Stent overlap of 
normal aorta above the renal Ostia. The bifurcation Segments 
of the instant invention are deployed across the bifurcation 
with Significant increase in bifurcation Segment size and 
Significant overlap with the main Stent above the bifurcation 
allowing for axial Stability, which resists axial migration and 
late disruption. Covered Stent grafts with non-permeable 
coverings predispose to perigraft leakage from branch ves 
Sels, which can lead to aneurysm expansion and late rupture, 
as well as the potential, at least in animal models, of lack of 
blood flow in the side branches of lumbars with Subsequent 
paraplegia. The open Stent design with a Semi-permeable 
covering of the instant invention allows for continued blood 
flow into the Side branches that are immediately opposed to 
the Stent, Such as in the lumbar location. Coil, gel or foam 
embolization of the remaining Side branches can be utilized 
to prevent perigraft leakage Such as at the level of the 
inferior mesenteric artery. 
0060. It is a further object of the instant invention to 
provide a device with a continuous Stent backbone that 
effectively prevents axial migration. The instant device and 
method are designed to facilitate deployment above the renal 
arteries without impeding flow into the renal arteries in the 
case of patients with a short Segment of normal aorta below 
the renal arteries and in whom both iliacs are included in the 
bifurcation, precluding the need for concomitant vascular 
Surgery. 

0061. It is a further object of the instant invention to 
provide a device utilizing tapered, Semi-circular Segments to 
be situated in the main Stent and extending into the branch 
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vessels proceeding from the point of bifurcation. The taper 
of each Segment narrows proceeding from the proximal end 
which is placed in the main Stent. The tapered Segments thus 
form a stable union by virtue of their “cork-like” semi 
conical configuration Since when the Segments are deployed 
in the main Stent their wide Semi-circular ends contact each 
other with the flat end of the Semi-circles in contiguity and 
the outward pressure of the Segmental Stent expansion 
maintains the rounded portion of the Semi-circles against the 
walls of the main stent. This pressure, combined with the 
taper of each Segment matching the taper of the distal aorta 
and exceeding the diameter of the iliac vessels prevents the 
Segments from Slipping distally in the Stent and/or becoming 
dislodged. The main Stent configuration of the instant inven 
tion allows for placement of the initial, large-cell uncovered 
Segment above the renal arteries for axial Stability and a 
continuous Stented Segment to the bifurcation for further 
axial stability, which obviates the possibility of independent 
motion of the iliac branches. 

0.062. It is a further object of the instant invention to 
provide an aneurysmal repair device with a long Stent 
Segment, a portion of which, with large cell size, permits 
placement above the origins of the renal arteries for addi 
tional axial Stability. The entire Stent device is intact, there 
fore, there should be no possibility of axial migration. 
Additionally, the device of the instant invention is Semi 
permeable for both side branch continuity (i.e. lumbars), as 
well as providing access for embolization of the potential 
space in the aneurysm sac Surrounding the main Stent. The 
instant invention described herein includes use of angled 
guide-wires which will minimize kinking of the legs during 
deployment. 

0.063. It is the further object of the instant invention to: 
0064 (1) Allow percutaneous insertion and percu 
taneous Suture closure of the arteriotomy due to the 
lack of a bulky covering of the Stent. 

0065 (2) Utilize partial covering of the stent which 
permits blood flow into important Side branches, 
Such as the lumbars, which then seal off around their 
Ostia, forming an incorporation into the Stent lumen, 
effectively forming a biologic connection between 
the stent lumen and the side branch blood vessel(s) 
without allowing blood into the extra Stent aneurysm 
cavity. 

0066 (3) Further utilize the uncovered portion of the 
Stent with large cell Size which permits anchoring of 
the graft above the renals without compromising the 
blood flow into the renals due to the large cell size of 
that portion of the Stent. 

0067 (4) Provide minimal covering, allowing per 
cutaneous placement. 

0068 (5) Provide an open space at the Superior 
margin that allows for anchoring above the renals. 

0069 (6) Utilize the continuous axial skeleton to 
prevent axial dislodgment after implant. 

0070 The methods of the instant invention utilize a 
Smaller percutaneous entry Site, avoidance of Side branch 
occlusion and Slow, controlled fibrosis of the aneurysm 
cavity, reducing the risk for potential complications Such as 
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compromise of blood flow to the mesentery and Spinal 
chord, late perigraft leaks and Subsequent aneurysm expan 
Sion and late rupture. 
0071. This safe and effective technique for percutaneous 
treatment of aortic aneurysms presents very low risk and 
enables preventive placement of the device in patients not 
previously considered good candidates for Surgery; e.g., 
patients with Small (less than four centimeter) aortic aneu 
rySms or those with Significant co-morbidities. 
0072 The foregoing and other objects and advantages of 
the invention will appear from the following description. In 
the description, reference is made to the accompanying 
drawings, which form a part hereof, and in which there is 
shown by way of illustration a preferred embodiment of the 
invention including novel Stent constructions and methods 
of use hereof. The embodiment that is illustrated in these 
figures does not necessarily represent the full Scope of the 
invention, however, and reference is made therefore to the 
claims herein for interpreting the Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0073 FIG. 1A is a diagram of a preferred embodiment of 
an abdominal aortic Stenting and aneurysm exclusion device 
composed of main and a first and Second bifurcation Stent 
constructed in accordance with the teachings of the present 
invention shown in place in the abdominal aorta. 
0074 FIG. 1B is a diagrammatic view of the main stent 
of the abdominal aortic Stenting and aneurysm exclusion 
device of FIG. 1A showing the internal wire mesh, radio 
opaque marker band and Outer tufts on the Stent. 
0075 FIG. 1C is a diagram showing the use of abdomi 
nal aortic Stenting and aneurysm exclusion of FIG. 1A being 
used with an angiographic catheter for delivery of embo 
lization coils, foam, gel or glue to the aneurysm cavity. 
0.076 FIG. 2A is a diagrammatic view of the first bifur 
cation Stent of the abdominal aortic Stenting and aneurysm 
exclusion device of FIG. 1A. 

0.077 FIG. 2B is a diagrammatic view of the second 
bifurcation Stent of the abdominal aortic Stenting and aneu 
rysm exclusion device of FIG. 1A. 
0078 FIG. 2C is a diagrammatic view of the first and 
Second bifurcation Stents abutting each other in the configu 
ration achieved in the abdominal aortic Stenting and aneu 
rysm exclusion device of FIG. 1A. 
007.9 FIG. 3 is a schematic view of a bifurcation sheath 
delivery device for the abdominal aortic Stenting and aneu 
rysm exclusion device shown in FIG. 1A. 
0080 FIG. 4 is a schematic view of the placement of the 
abdominal aortic Stenting and aneurysm exclusion device 
marker delivery wires. 
0081 FIG. 5A is a schematic diagram showing the 
implementation of arteriotomy closure Strategies with 
SutureS. 

0082 FIG. 5B is a schematic diagram showing the 
implementation of arteriotomy closure Strategies with col 
lagen plugs or gel. 
0083 FIG. 6A is a diagram of a second embodiment of 
the instant invention depicting a stenting and aneurysm 



US 2004/021531.6 A1 

exclusion device comprising a main Stent and means for 
introduction of embolization coils into an aneurysm in an 
essentially linear blood vessel. 
0084 FIG. 6B is a diagram of a second embodiment of 
the instant invention depicting a stenting and aneurysm 
exclusion comprising a main Stent and means for introduc 
tion of embolization coils into an aneurysm in a curved 
blood vessel. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0085. Referring now to the various figures depicting the 
invention where like reference numerals refer to like parts, 
there is shown at 1 in FIG. 1A, at 2 in FIG. 6A and at 3 in 
FIG. 6B respective embodiments of an endoluminal pros 
thesis comprising a Stent graft which carries a prosthetic 
layer of fabric tufts, foam or other Semi-permeable material 
to be used in treatment of an aneurysm by removing the 
preSSure on a weakened part of the aneurysmally dilated 
wall of an artery So as to reduce the risk of embolism or 
rupture of the distended wall of the aneurysm. The embodi 
ments of the invention may be used in either bifurcated or 
non-bifurcated vessels. 

0.086 FIG. 1A depicts the use of the invention in a 
bifurcated vessel with an aneurysm 305. The depicted loca 
tion of the neck of the aneurysm 92 is representative only 
and may vary from case to case. FIGS. 6A and 6B illustrate 
the use of the invention in non-bifurcated vessels with 
aneurysms 305. FIG. 1A shows the main stent 100 in place 
in the aorta 90. The main stent 100 is comprised of an upper 
portion 110 with large cell size, allowing full, unrestricted 
blood flow into the renal arteries and a lower portion 140 
with Small cell size. Cell size refers to the Size of the Spaces 
in the mesh pattern formed by the metal comprising the Stent 
wall. The border between the upper large cell size 110 and 
lower, small cell size 140 portion of the main stent 100 is 
demarcated by a radio-opaque marker band 190. The total 
length of the main Stent is chosen to extend a Sufficient 
length so that the ends of the main stent 100 extend past the 
Section of the vessel containing the aneurysm. In the case of 
aneurysms extending to the juncture of bifurcated vessels, 
the small cell size portion 140 will extend from the level of 
the lower margin of the right 130 and left 120 renal arteries 
to the aortic bifurcation 97. The main stent 100 section 
below the marker band 190 which is also termed the Small 
cell size portion 140 is covered with biocompatible poly 
meric foam or DACRONGR/other material 141 (FIG. 1B) 
which promotes fibrin deposition and Subsequent endothe 
lialization along the Stent Surfaces. This coating 141 is 
Semi-permeable which allows trans-Stent insertion of an 
angiographic or embolic material delivery catheter 410. The 
Semi-permeability of the coating 141 Similarly allows inser 
tion of thrombogenic material (coils, foam, gel, glue, etc.) 
310 from the inner lumen of the stent through the stent cells 
and into the aneurysm cavity 305 using an angiographic or 
embolic material delivery catheter 410 as shown in FIGS. 
1C, 6A, or 6B. 
0087 Additional features depicted in FIG. 1A Include 
the infra renal aorta 95, the right 150 and left 160 iliac 
bifurcation stents, the right 170 and left 175 common iliac 
arteries, the right 172 and left 177 internal iliac arteries, the 
right 182 and left 183 common femoral arteries, the right 
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184 and left 185 profundus femori, and the right 192 and left 
194 common vascular access sheaths. 

0088. The main stent 100 is inserted over a guiding wire 
250. It is initially housed in a stent delivery device 200 
which allows it to maintain a Small crossing profile, permit 
ting it to be inserted percutaneously through a vascular 
access hemostatic sheath 192 or 194. Once the stent-con 
taining delivery device 200 is positioned within a vessel, 
Such as the abdominal aorta, with placement So that the 
radio-opaque marker band 190 on the stent is positioned just 
at the lower margin of the renal arteries 120 and 130, the 
inner stent delivery tube 235 is fixed with respect to the 
patient while the outer sheath 230 is retracted. This effec 
tively uncovers the main stent 100 allowing it to expand and 
oppose the normal aorta above the renal arteries 120, 130 
and subsequently the aneurysm neck 92, shown in FIG. 1A 
immediately below the renal arteries 120 or 130, throughout 
its full extension, to a position just above the aortic bifur 
cation 97. 

0089. The delivery wire 250 is left in position while the 
stent delivery system 200 is removed. In the case of bifur 
cated vessels, a second delivery wire 251 is then introduced 
via the left femoral artery access sheath 194. In order to 
achieve a continuous Seal of the endovascular lumen and 
effectively exclude the aneurysm cavity in bifurcated ves 
sels, two bifurcation stent delivery sheaths (200, 201) con 
taining right 150 and left 160 iliac bifurcation stents are 
advanced simultaneously over the delivery guide-wires 250 
and 251. 

0090 The medial radio-opaque marker beads 210 and 
211 are approximated on both sheaths by careful application 
of torque on the stent delivery devices 200 or 201 with 
fluoroscopic guidance. Subsequently, two operators inde 
pendently fix the inner stent delivery tubes 235 on each 
bifurcation stent and the delivery sheaths 230 are withdrawn 
Simultaneously in a continuous motion, allowing deploy 
ment of the bifurcation stents simultaneously with the flat or 
non-curvilinear portion 142 and 147 of the semi-circular 
wall of each bifurcation stent approximated in the middle of 
the main stent. Thus, the semi-circular openings 143 and 146 
join together, forming an optimal entrance of the blood flow 
into each iliac Stent portion. The radio-opaque marker band 
on the bifurcation stent 149 is positioned at the aortic 
bifurcation prior to de-Sheathing the iliac Stents. AS the 
sheaths are retracted Simultaneously, the Semi-circular open 
ings expand against one another, with the lateral margins 
compressing against the main Stent border and the medial, 
flat or non-curvilinear portions of the Semi-circularly-shaped 
ends 142, 147 compressing against one another. The Simul 
taneous compression of the bifurcation Stents inwardly 
against each other and outwardly against the inside wall of 
the main stent combined with the bifurcation stents' tapered 
conformation serve to affirmatively retain the bifurcation 
Stents in position at the bifurcation and to resist dislocation, 
dislodgment or displacement. 
0091. The combination of semi-permeable coating and 
the configuration of the Stents allows for the formation of an 
impermeable hemostatic Seal between the main stent 100 
and the bifurcation stent lumens 150, 160. Thus, the risk of 
an endo leak at the bifurcation is effectively eliminated. 
0092. After successful delivery of the main 100 and/or 
bifurcation stents 150, 160, an angiographic guide catheter 
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400 is advanced via the vascular access sheath 192, Superior 
to the bifurcation stent semi-circular openings 143 and 146 
and approximated against the medial main Stent wall 140, 
immediately adjacent to the aneurysm cavity. Subsequently, 
an angiographic catheter 410 is inserted through the angio 
graphic guide catheter 400 and advanced through the main 
stent wall 100 into the aneurysm cavity 305. Its position is 
confirmed within the aneurysm cavity by injection of radio 
opaque contrast and X-ray imaging. Subsequently, thrombo 
genic material (coils, foam, gel, glue, etc. 310) is injected 
into the aneurysm cavity 305 to stimulate thrombosis of the 
material external to the main 100 and bifurcated stent 150 
and 160. After successful obliteration of the aneurysm cavity 
305 using thrombogenic material 310, the sheathes 192,194 
are removed and the acceSS Sites are closed, utilizing Suture 
devices 425 and Suture 430 (FIG. 5A) or collagen plug 
devices 450 and collagen plugs 460 (FIG. 5B) in the 
Standard fashion. 

DETAILED DESCRIPTION OF THE 
PROCEDURE 

0093. In the preferred embodiment, an operator achieves 
vascular access percutaneously via the right 182 and left 183 
common femoral arteries and insert size twelve (12) french 
Standard angiographic sheaths 192 and 194. Control angiog 
raphy is performed on the infra renal abdominal aorta 95 or 
other vessel with an aneurysm using Standard techniques for 
guidance of the aneurysm Stent implantation procedure. 

0094) A marker delivery wire 250 is inserted through the 
angiographic sheath 192 in the right common femoral artery 
182 and positioned with the angle marker bead 260 posi 
tioned at the aortic bifurcation 97. 

0.095 The distance between the lower most renal artery 
120 or 130 and the aortic bifurcation 97 is noted using the 
marker delivery wire 250 and an appropriately sized main 
stent 100 is chosen for delivery. 
0096. The main stent delivery system stem 200 contain 
ing the main stent 100 is then be advanced through the right 
iliac angiographic sheath 192 over the NITENOLTM marker 
delivery wire 250 and positioned with the radio-opaque 
marker band 190 just below the lower most renal artery 120 
or 130, whichever is lowest. 

0097. The main stent delivery sheath 230 is retracted, 
allowing the main stent 100 to expand and be deployed in 
the abdominal aorta 95. 

0098. The main stent delivery system 200 is removed 
over the right iliac marker delivery wire 250, which is left 
in position. 

0099] The left iliac marker delivery wire 251 is then 
advanced via the left common femoral hemostatic sheath 
194 through the external and common iliacs and up the 
abdominal aorta 95 inside the main stent 100, thereupon 
positioning the angle marker bead 261 at the aortic bifur 
cation 97. 

0100. One bifurcation sheath delivery device 200 con 
taining one bifurcation stent 150 is advanced over the right 
iliac guide-wire 250 and positioned So that the radio-opaque 
marker band 149 is at the aortic bifurcation and that the 
medial marker beads 210 and 211 are positioned medially in 
the aorta 95, just above the aortic bifurcation 97. 
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0101. A second, contra-lateral bifurcation stent 160 is 
advanced over the marker delivery wire 251 via the sheath 
194 in the left femoral artery 183 into a position opposing 
the previously positioned right-sided iliac stent 150. The 
radio-opaque marker beads 210 and 211 on the bifurcation 
delivery sheath 200 are positioned so that they match the 
medial marker beads 210 and 211 and are immediately 
opposed to those beads on the sheath delivery system 200 on 
the ipsilateral side 150. The stent covering sheaths 230 and 
232 are then be simultaneously withdrawn over the inner 
stent delivery tubes 235 and 237 by two operators while the 
inner stent delivery tubes 235 and 237 are fixed in position, 
assuring that no axial migration occurs during Stent deploy 
ment. Withdrawing stent covering sheaths 230 and 231 
allows the flat side of the tapered semi-circular bifurcation 
Segments 142 and 147 on each Side to oppose one another, 
forming a Seal in the distal portion of the aorta 92 against 
each bifurcation Stent medially and circumferentially against 
the main Stent 100. The iliac limbs 150 and 160 will then 
extend into the iliac vessels 170 and 175 bilaterally. 
0102) Once the iliac stents 150 and 160 are successfully 
deployed, the iliac bifurcation stent delivery systems 200 
and 201 are withdrawn. Subsequently, a Standard angio 
graphic right Judkins guiding catheter 400 is advanced over 
one of the stent delivery wires into the aorta 95 and 
positioned just opposite the main aneurysm sac 305. Fol 
lowing this positioning maneuver, the angiographic catheter 
410 is advanced over the Standard angiographic guide-wire 
into the aneurysm cavity 305. Thrombogenic material 310 is 
then delivered via this standard angiographic guiding cath 
eter 410 into the aneurysm cavity 305 in an amount sufficient 
to obliterate the residual aneurysm 300 surrounding the main 
Stent 100. 

0.103 Alternatively, prior to placement of the iliac stents 
150 and 160, a separate angiographic material delivery 
catheter 410 is placed in the aneurysm sac 305 adjacent to 
the main stent 100 and positioned so that thrombogenic 
material 310 can be delivered external to the stent 100. After 
successful delivery of thrombogenic material 310 into the 
aneurysm sac 305, the catheter 410 is withdrawn and the 
second marker delivery wire 251 could be replaced through 
the angiographic sheath 194 for delivery of the iliac stents 
150 and 160. 

0104 Following angiographic confirmation of successful 
obliteration of the aneurysm cavity 305, the arteriotomy 
Sites 440 are closed percutaneously using percutaneous 
closure devices (either Suture based devices 420 or collagen 
plug type devices 450) to minimize risk of hematoma 
formation and/or blood loss. 

0105 The prosthetic stent combination, delivery appara 
tus and methods described above are particularly useful in 
treating an abdominal aortic aneurysm in a bifurcated vessel 
according to the present invention. Other diseases and 
alternative embodiments of the prosthesis and delivery 
method will now be described. The parallels between the 
alternatives and the preferred embodiment will be apparent 
to one skilled in the art. 

0106 Referring to FIGS. 6A and 6B, preferred embodi 
ments of non-bifurcated Stents constructed in accordance 
with the teachings of the present invention for treatment of 
an aneurysm in a non-bifurcated Straight or curved vessel 
segment are shown at reference numerals 1100. Each of the 
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non-bifurcated stents 1100 are comprised of a flexible mesh 
or etched tubular material with Small cell size. Cell size 
refers to the size of the Spaces in the mesh pattern formed by 
the metal comprising the Stent wall. The total length of the 
non-bifurcated Stent is chosen to extend a Sufficient length So 
that the ends of the Stent extend past the Section of the vessel 
containing the aneurysm. The non-bifurcated stent 1100 is 
covered with biocompatible polymeric foam or DACRONOR 
tufts/other semi-permeable material which promotes fibrin 
deposition and Subsequent endothelialization along the Stent 
Surfaces. This coating is Semi-permeable which allows trans 
Stent insertion of an angiographic or embolic material deliv 
ery catheter 410. The semipermeability similarly allows 
insertion of thrombogenic material (coils, foam, gel, glue, 
etc. 310, as may be seen in FIG. 1A or 1C) from the inner 
Stent lumen through the Stent cells into the aneurysm cavity 
305. 

0107 The non-bifurcated stent 1100 is inserted over a 
guiding wire 250 as shown in FIG. 3. It is initially housed 
in a stent delivery device 200 which allows it to maintain a 
Small crossing profile, permitting it to be inserted percuta 
neously through a vascular access hemostatic Sheath 192. 
Once the stent-containing delivery device 200 is positioned 
within a vessel Such as the descending thoracic aorta with 
placement So that the ends of the Stent are positioned well on 
either side of the aneurysm cavity 305, the inner stent 
delivery tube 235 is fixed with respect to the patient while 
the outer sheath 230 is retracted. This effectively uncovers 
the non-bifurcated stent 1100 allowing it to expand and 
oppose the normal vessel on either Side of the aneurysm 
cavity 305. The delivery wire 250 is left in position while the 
stent delivery system 200 is removed. 

0108. After successful delivery of the non-bifurcated 
stent 1100, an angiographic guide catheter 400 is advanced 
via the vascular access Sheath 192 and approximated against 
the medial non-bifurcated stent wall 1140, immediately 
adjacent to the aneurysm cavity. Numbering in the 1000's is 
used for the distinct non-bifurcated stents but not for the 
aneurysm related Structure or the delivery apparatus. Sub 
Sequently, an angiographic catheter 410 is inserted through 
the angiographic guide catheter 400 and advanced through 
non-bifurcated stent 1100 into the aneurysm cavity 305. Its 
position is confirmed within the aneurysm cavity by injec 
tion of radio-opaque contrast and X-ray imaging. Subse 
quently, thrombogenic material (coils, foam, gel, glue, etc. 
310) is injected into the aneurysm cavity 305 to stimulate 
thrombosis of the material external to the non-bifurcated 
stent 1100. After successful obliteration of the aneurysm 
cavity 305 using thrombogenic material 310, the access sites 
are closed, utilizing suture devices 425 and Suture 430 or 
collagen plug devices 450 and collagen plugs 460 in the 
Standard fashion. 

0109) Although described in terms of the presently pre 
ferred embodiments shown in the accompanying figures, 
those skilled in the art who have the benefit of this disclosure 
will recognize that certain changes can be made to the 
Specifics thereof that do not change the manner in which the 
component parts thereof function to achieve their intended 
result. All Such changes which do not depart from the Spirit 
of the invention are intended to fall within the scope of the 
following non-limiting claims. 
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1. A method for implanting a tubular Stent for treatment of 
a vascular aneurysm in a bifurcated vessel comprising the 
Steps of 

utilizing a percutaneous femoral puncture to insert a first 
Stent encased in a first sheath into the femoral artery of 
a patient, Said Stent constructed with a proximal end 
first inserted; 

directing Said first Stent encased in Said first sheath to the 
Site of an aneurysm in the vessel; 

withdrawing Said first sheath leaving Said first Stent in 
place at the Site of the aneurysm; 

inserting Second and third Stents whose proximal portions 
are the larger croSS Section of each of Said Second and 
third Stents and Said proximal portions frustro-conically 
tapering to a Smaller croSS Section proceeding distally 
in each of Said Second and third sheaths, wherein Said 
Second and third Stents are encased in respective Second 
and third sheaths to contact and enter Said first Stent in 
place at the Site of the aneurysm; and 

withdrawing Said Second and third sheaths to leave the 
proximal ends of Said Second and third Stents to expand 
against each other and against the walls of Said first 
sheath and with the distal ends of said first and second 
sheath directed in each branch of said bifurcated vessel 

2. The method recited in claim 1 further comprising 
inserting vascular embolization coils, foam, gel, glue or 
other thrombogenic Substances or devices through Said 
percutaneous femoral puncture and directing Said coils, 
Substances or devices to the aneurysm cavity site. 

3. The method recited in claim 1 wherein said aneurysm 
is located at or near the bifurcation of the abdominal aorta 
and Said Second and third Stents approach from the bifurca 
tion. 

4.-11. (canceled) 
12. An implantable Stent System comprising an elongate, 

tubular main Stent and first and Second Substantially tubular 
bifurcation Stents, each of Said bifurcation Stents being 
comprised of a memory retentive material compressible for 
insertion of the proximal end thereof into the distal end of 
Said main Stent for Subsequent expansion into engagement 
with the inside wall of said main stent, the proximal end of 
each of Said bifurcation Stents being frustro-conically 
tapered Semi-circular shape with the larger diameter Semi 
circular croSS Section at the proximal end and tapering to a 
Smaller croSS Section proceeding distally, the Semi-circular 
croSS Section at the proximal ends juxtaposed with the flat 
Sections of Said Semi-circular croSS Sections of Said proximal 
ends of Said bifurcation Stents contacting each other when 
Said bifurcation Stents are expanded into engagement with 
the inside wall of Said main Stent and against each other. 

13. A method of treating an aneurysm in a bifurcated 
blood vessel comprising the Steps of: 

inserting a tubular main Stent into the lumen of a bifur 
cated blood vessel having an aneurysm therein with one 
end proximal to the aneurysm and the other end distal 
to the aneurysm; 

compressing first and Second bifurcation Stents, 
inserting a proximal end of each of the compressed first 

and Second bifurcation Stents into the end of the main 
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Stent distal to the aneurysm with the distal ends of each 
of Said first and Second bifurcation Stents residing in the 
lumens of the respective first and Second bifurcations of 
the blood vessel; and 

expanding the proximal ends of each of the compressed 
first and Second bifurcation Stents into engagement with 
the inside wall of the distal end of the main stent and 
with each other, the expanded proximal ends of each of 
the first and Second bifurcation Stents defining a 
tapered, Semi-circularly shaped end, the tapered por 
tions of each of the first and Second bifurcation Stents 
being the portion of the first and Second bifurcation 
Stents contacting the other of the first and Second 
bifurcation stents when the first and second bifurcation 
Stents are expanded in the distal end of the main Stent. 

14. An implantable Stent System for treatment of an 
aneurysm in a bifurcated blood vessel comprising first and 
Second generally Substantially cylindrical bifurcation Stents, 
the proximal end of each of Said bifurcation Stents being 
frustro-conically tapered with the end thereof being formed 
in the shape of a Semi-circle having a flat Side with the wall 
of the frustro-conical end of each of said bifurcation stents 
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being tapered to the Semi-circularly shaped end and the 
Second end of each first and Second bifurcation Stents being 
of cylindrical croSS Section conformal with the distal croSS 
Section of Said proximal first and Second ends and an 
elongate, tubular main Stent, the frustro-conically-shaped 
end of each of Said first and Second bifurcation Stents being 
inserted into one end of Said main stent with the flat side of 

the tapered walls of each of Said bifurcation Stents in contact 
with each other and with the Semi-circularly-shaped end in 
contact with the inside wall of Said main Stent, the bifurca 
tion Stents assuming the croSS Sectional shape of the lumen 
of Said main Stent, each of Said first and Second bifurcation 
Stents being comprised of a memory retentive material that 
is compressed for insertion into the end of Said main Stent for 
Subsequent expansion into contact with the inside wall of 
Said main Stent and the other of Said first and Second 
bifurcation Stents to affirmatively retain Said first and Second 
bifurcation Stents in the end of Said main Stent and to occupy 
all available Space in the end of Said main Stent. 


