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(54) Bell-bottom modular stent-graft

(57) A system for repairing body lumens including a
modular graft and a method for deploying the graft within
the body lumen. The modular graft includes a first com-
ponent having first and second leg portions which mate
with second and third graft components, respectively.
The second leg portion has a bell bottom shape. The
modular graft further includes expandable members
which aid in implanting the modular graft as well as fa-
cilitate the mating of its components. In order to repair
the body lumen, the first component is placed at the re-
pair site and thereafter, the first and second legs are ad-
vanced to the repair site and attached to the first com-
ponent.
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Description

Field of the Invention

[0001] The present invention is directed to an intraar-
terial prosthesis, a modular stent-graft, for repair of ab-
dominal aortic aneurysm ("AAA" herein)

Background of the Invention

[0002] An intraarterial prosthesis for the repair of
AAAs (grafts) is introduced into the AAA through the dis-
tal arterial tree in catheter-based delivery systems, and
is attached to the non-dilated arteries proximal and dis-
tal to the AAA by an expandable framework (stents). An
intraarterial prosthesis of this type has two components:
a flexible conduit, the graft, and the expandable frame-
work, the stent (or stents) Such intraarterial prosthesis
used to repair AAAs is named stent-graft. AAAs typically
extend to the aortic bifurcation of the ipsilateral femoral
artery and the contralateral femoral artery There is rare-
ly any non-dilated aorta below the aneurysm, and thus
the distal end of the graft must be implanted in the iliac
arteries, and for the graft to maintain prograde in-line
flow to the legs and arteries of the pelvis, it must also
bifurcate. Currently available stent-grafts fall into two
categories. The first category of stent-grafts are those
in which a preformed bifurcated graft is inserted whole
into the arterial system and manipulated into position
about the AAA. This is a unitary stent-graft. The second
category of stent-grafts are those in which a bifurcated
graft is assembled in situ from two or more stent-graft
components. This latter stent-graft is referred to as a
modular stent-graft

Summary of the Invention

[0003] The present invention is directed to a modular
stent-graft comprising multi-components. The modular
stent-graft of the present invention eliminates or avoids
the main drawbacks common to the currently available
modular stent-grafts for repair of AAAs. Stent-grafts are
inserted into the AAA through the femoral arterial sys-
tem. The graft must bridge the AAA and form a leak-
proof conduit between the aorta and the femoral arter-
ies. The surgeon can only view the operation by X-ray
techniques and yet the surgery is performed in a three-
dimensional environment. This is a demanding regime
and requires a trained and skilled surgeon.
[0004] The main drawbacks common to the current
modular stent-grafts are:

(1) The connection site between the stent-graft
components is prone to leakage and a separation
of the components which allows blood to leak di-
rectly into the AAA restoring the potential for rup-
ture. If the AAA ruptures, the result is frequently the
death of the patent.

(2) The connection site on the first stent-graft com-
ponent is often difficult to catheterize prior to intro-
duction of the second stent-graft component. The
necessary instrumentation required to insert cathe-
ters and carry out the repair of the abdominal aneu-
rysm can dislodge mural thrombus in the AAA. The
dislodged mural thrombus is carned in the blood
flow through the femoral arteries to small distal ar-
teries causing blockage and tissue necrosis.

[0005] The modular stent-graft of the present inven-
tion consists of three stent-graft components. The first
stent-graft component resembles a pair of shorts with
the trunk proximal and the two legs or docking sites dis-
tal. The second and third stent-graft components are
tubes of almost uniform diameter that extend from the
primary stent-graft component docking sites, through
the AAA, to the femoral arteries. The completed modular
stent graft bridges the AAA from the abdominal aorta to
the femoral arteries. The proximal ends of the second
and third stent-graft components, i.e., ends nearest the
aorta, are inserted into the docking sites of the primary
stent-graft The second stent-graft component is insert-
ed through the ipsilateral arteries to the ipsilateral dock-
ing site of the primary stent-graft component. The sec-
ond stent-graft is also referred to as the ipsilateral ex-
tension. The third stent-graft component is inserted
through the contralateral arteries to the contralateral
docking site through the bell-bottom portion of the pri-
mary stent-graft component. The third stent-graft is also
referred to as the contralateral extension.
[0006] The modular stent-graft of the present inven-
tion has a number of distinguishing elements. The stents
that hold the two docking sites open are at different lev-
els and are of different sizes. On the ipsilateral docking
site, the stent is within the docking site. With regard to
the contralateral docking site, the stent is within a wider
distal segment, the bell-bottom segment below the con-
tralateral docking site.
[0007] Because the distal stents of the primary stent-
graft component are at different levels, one below the
other, they occupy different segments of the delivery
system. Since the stent-graft components are delivered
to the AAA though a narrow catheter, they must be re-
duced to the smallest possible diameter to effect and
ease delivery. By separating the stent-graft into three
components, the necessary stents can be arranged at
different levels permitting them to be as large as possi-
ble. Since the distal stents can be larger in a modular
system than in a unitary system, the distal orifice of the
ipsilateral and contralateral docking site can be large
and thus easier to catheterize for the delivery. This is
only important on the contralateral side, that is, the side
with the contralateral docking site. On the ipsilateral
side, that is, the side with the ipsilateral docking site,
catheters can be introduced over the same guide wire
that was used to introduce the first stent-graft compo-
nent through the arterial system to the AAA. In practice,
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the distal orifice of the contralateral docking site can be
at least as large as the trunk of the primary stent-graft
component. The first stent-graft component 12 and the
second and third stent-graft components 14 and 16 can
be made of the same different biologically inert graft and
stent material, such as biologically inert knit or woven
fabric, or membrane material, such as PTFE membrane
material, and springy material, such as stainless steel
or titanium.
[0008] Thus, in summary, according to a first aspect
of the present invention there is provided a device for
repairing a body lumen, comprising: a main tubular com-
ponent, said main tubular component having a superior
end, an inferior end, and a trunk portion with first and
second legs extending therefrom, said second leg ex-
tends beyond said first leg and includes an end portion
which has a bell-bottom configuration; a first tubular
component configured to mate with said first leg; and a
second tubular component configured to meet with said
second leg.
[0009] Advantageously, the repair further comprises
a main expandable device configured proximate said
superior end of said main tubular component.
[0010] Advantageously, the repair device further com-
prises a first docking site positioned within said first leg,
said first docking site including a first minor expandable
device. Preferably, the repair device further comprises
a second docking site positioned within said second leg,
said second docking site including a second minor ex-
pandable device. Preferably said first leg further in-
cludes a first constriction. Preferably said second leg in-
cludes a second constriction. Preferably said second
constriction is positioned superior to said bell-bottom
portion. Preferably said first tubular component further
includes a plurality of first supplemental expandable de-
vices, said first supplemental expandable devices being
spaced along said first tubular component. Preferably
said second tubular component further includes a plu-
rality of second supplemental expandable devices, said
second supplemental expandable devices being
spaced along said second tubular component. Prefera-
bly said first constriction is received between adjacent
first supplemental expandable devices. Alternatively
said second constriction may be received between ad-
jacent second supplemental expandable devices.
[0011] Advantageously the repair device further com-
prises a radiopaque marker positioned at said second
constriction.

Brief Description of the Drawings

[0012]

Fig. 1 is a cross-sectional view of the modular stent-
graft of the present invention implanted to repair an
abdominal aortic aneurysm;
Fig. 2 is a front perspective view of the first stent-
graft component of the modular stent-graft of Fig. 1;

Fig. 3 is a cross-sectional view of the first stent-graft
component of Fig. 2,
Fig 4 is a top fragmentary cross-sectional view of
the stent-graft of Fig. 1;
Fig. 5 is an enlarged fragmentary cross-sectional
view of the stent-graft of Fig. 1;
Fig. 6 is a cross-sectional view of the second stent-
graft component of the modular stent-graft of Fig 1;
Fig. 7 is a front perspective view of an alternative
embodiment of the first stent-graft component of the
modular stent-graft of the present invention;
Fig. 8 is a cross-sectional view of a second alterna-
tive embodiment of the first stent-graft component
of the modular stent-graft of the present invention;
and
Fig 9 is a front perspective view of a third alternative
embodiment of the first stent-graft component of the
modular stent-graft of the present invention.

Detailed Description of the Preferred Embodiments

[0013] Referring to Fig. 1, the modular stent-graft 10
of the present invention is illustrated implanted to repair
an abdominal aorta aneurysm 28. The modular stent-
graft 10 comprises a first stent-graft component 12 hav-
ing a proximal end 13A and a distal end 13B, second
stent-graft component 14, often referred to as the ipsi-
lateral extension, and a third stent-graft component 16,
often referred to as the contralateral extension. The
three components comprise sheaths or grafts 41, 21
and 23 containing self-expanding stents (not shown in
Fig. 1). The proximal end 13A of the trunk 40 of the first
stent-graft component 12 is implanted in the proximal
implantation site 30 in a non-dilated portion of the ab-
dominal aorta 22 The proximal end 36 of the second
stent-graft component, or ipsilateral extension, is con-
nected to the first stent-graft component at the ipsilateral
docking site 18. The proximal end 37 of the third stent-
graft component at the ipsilateral docking site 18. The
proximal end 37 of the third stent-graft component 16,
or contralateral extension, is connected to the first stent-
graft component at the contralateral docking site 20. The
distal end 38 of the second stent-graft component is im-
planted in the undilated portion of the ipsitateral iliac ar-
tery 24 at the ipsilateral distal implantation site 32 The
distal end of the third stent-graft component, or contral-
ateral extension, is implanted in a non-dilated portion of
the contralateral iliac artery 26 at contralateral distal im-
plantation site 34, as will be described herein. The con-
tralateral leg 15B of the first stent-graft component ter-
minates in a bell-bottom 42. Bell-bottom aids in the sur-
gical implantation and manipulation of the modular
stent-graft in the aorta and the aneurysm 28 as will be
described below.
[0014] The ipsilateral catheter guide wire 80 is shown
coming up from the ipsilateral arteries (the isilatoral fem-
oral artery and ipsilateral iliac artery) into the ipsilateral
extension through the ipsilateral docking site and out
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through the proximal end 13A of the trunk 40. The con-
tralateral catheter guide wire 82 is shown extending up
from the contralateral femoral artery through the con-
tralateral iliac artery and through the contralateral ex-
tension 16 through the contalateral docking site 20 and
out through the proximal end 13A of the trunk 40. Nor-
mally, both guide wires are left in until the completion of
the operation After the modular stent-graft has been
successfully implanted to repair the abdominal aortic
aneurysm, the guide wires are removed. In the preferred
embodiment, the ipsilateral catheter guide wire 80 is first
inserted to permit the delivery of the first stent-graft com-
ponent and the ipsilateral extension into the AAA The
contralateral catheter guide wire 82 is inserted from the
contralateral iliac artery 26 into the contralateral docking
site 20 of the first stent-graft component. As mentioned
above, the surgeon is viewing the three-dimensional en-
vironment of the AAA with a two-dimensional X-ray
screen. The large bell-bottom 42 of the first stent-graft
component eases the surgeon's task in successfully
snaking the guide wire 82 up into the bell-bottom 42 and
into the contralateral docking site 20. Obviously when
the first guide wire 80 is inserted, the surgeon is con-
cerned with having the guide wire come out of the ipsi-
lateral iliac artery 24 through the AAA into the abdominal
aorta 22. Without the bell-bottom 42 below the contral-
ateral docking site 20, it would be very difficult, and in
many instances impossible, to successfully snake the
contralateral catheter guide wire 82 into the contralater-
al docking site 20 of the first stent-graft component.
[0015] Referring to Figs 2 and 3, the first stent-graft
component 12 of the modular stent-graft 10 comprises
a trunk 40 at the proximal end 13A of the first stent-graft
component and ipsilateral leg 15A and contralateral leg
15B at the distal end 13B of the first stent-graft compo-
nent. The distal end of the ipsilateral leg 15A has a con-
stncted portion 62. The contralateral leg 15B has a con-
stricted portion 64 at approximately the same level as
constricted portion 62 A radiopaque marker 66 is placed
on the first stent-graft component in the constricted por-
tion 64 adjacent the constricted portion 62, as shown in
Fig. 2. This marker aids the surgeon in positioning the
proximal stents of the ipsilateral and contralateral exten-
sions. The first stent-graft component is delivered into
the aorta aneurysm 28 via a conventional stent-graft
catheter delivery system, such as disclosed in U.S. Pat-
ents 4,580,568; 4,655,771; 4,830,003, 5,104,404; and
5,222,971. The modular stent-graft has three self-ex-
panding stents: a proximal trunk stent 48, situated within
the first stent-graft component at the proximal end 13A;
an ipsilateral trunk stent 50, positioned within the first
stent-graft component near the distal end 13B of the ip-
silateral leg 15A; and a bell-bottom stent, located within
the bell-bottom 42 at the distal end 13D of the contral-
ateral leg 15D. These are self-expanding stents of the
conventional type, such as disclosed in U.S. Patents
4,580,568; 4,655,771, 4,830,003; 5,104,404, and
5,222,971 My self-expanding stent disclosed in U.S.

Patent Application Serial No. 08/582,943 can be used.
[0016] The stents employed in the present invention
are self-expanding and thus are constricted in the cath-
eter delivery system. Since the first stent-graft compo-
nent delivered to the aorta aneurysm has three stents
at different levels, the graft (the envelope of the first
stent-graft component) and stents can be quite large
since they can be contracted to a very small diameter
for easy delivery of the stent-graft through the ipsilateral
arteries by conventional means. If two or more stents
were at the same level, it would not be possible to con-
tract the first stent-graft component to the same degree
without reducing the size of the distal stents. The first
stent-graft component 12 is delivered through the AAA
until the proximal end 13A of the first stent-graft compo-
nent is positioned with the proximal implantation site 30
of the aorta 22. The delivery system slowly releases the
first stent-graft component allowing the proximal trunk
stent 48 to self-expand to form a union between the in-
ner wall of the undilated portion, i.e., healthy portion, of
the aorta 22 and the outer wall of the proximal end of
the first stent-graft component 12. The surgeon ob-
serves this manipulation by X-ray observation As the de-
livery system is withdrawn, leaving the first stent-graft
component in the aneurysm 28, the ipsilateral trunk
stent 50 expands and then the bell-bottom stent 52 ex-
pands to form the bell-bottom. The stents 50 and 52
keep the distal ends of the legs 15A and 15B open for
insertion of the second and third stent-graft components
14 and 16. The ipsilateral catheter guide wire 80 utilized
to guide the first stent-graft component through the ip-
silateral iliac artery 24 and through the aorta aneurysm
28 to the undilated portion of the aorta 22 remains be-
hind as a guide for the insertion, connection, and im-
plantation of the second stent-graft component 14
[0017] The delivery system containing the contracted
second stent-graft component is guided back to the AAA
using the ipsilateral guide wire 80 in the same manner
as the guide wire was used to implant the first stent-graft
component. As shown in Fig. 6, the second stent-graft
component or ipsilateral extension 14 is comprised of a
tubular sheath 21 with a plurality of self-expanding
stents, the proximal ipsilateral extension stent 54, the
distal ipsilateral extension stent 55 and supporting
stents 60 The stents are self-expanding and are con-
tracted when inserted into the delivery system. Once the
delivery system has correctly positioned the ipsilateral
extension in the modular stent-graft and is withdrawn,
the stents are sequentially expanded as the delivery
system is withdrawn.
[0018] Referring to Figs 1 and 4, the proximal end 36
of the ipsilateral extension 14 is inserted into the ipsilat-
eral docking site 18. As the delivery system is with-
drawn, the proximal ipsilateral extension stent 54 ex-
pands, compressing the tubular sheath 21 between the
ipsilateral trunk stent 50 and the proximal ipsilateral ex-
tension stent 54 The internal diameter of the ipsilateral
trunk stent 50 is greater than the internal diameter open-
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ing of the restriction 62, causing a narrow waist 70 to
form in the sheath 21 as the proximal ipsilateral exten-
sion stent 54 expands. This physically locks or secures
the ipsilateral extension 14 to the ipsilateral leg 15A to
prevent the ipsilateral extension from slipping out or be-
ing pulled out of the first stent-graft component. As the
delivery system is fully withdrawn, the distal ipsilateral
extension stent 55 expands compressing the sheath 21
against the interior wall of the ipsilateral femoral artery
24 at the ipsilateral distal implantation site 32.
[0019] After the surgeon confirms that the ipsilateral
extension has been successfully implanted into the ip-
silateral iliac artery 24, a contralateral catheter guide
wire 82 is then inserted into the AAA through the con-
tralateral iliac artery 26. As mentioned above, the bell-
bottom 42 of the first stent-graft component aids the sur-
geon in snaking the guide wire into the contralateral
docking site 20 After the guide wire has been success-
fully positioned, the delivery system containing the com-
pressed contralateral extension 16, which for all intents
and purposes is identical to the ipsilateral extension
shown in Fig. 6, is guided along the guide wire 82 so
that the proximal end 37 of the contralateral extension
is positioned within the contralateral docking site 20 The
proximal end of the e contralateral extension is posi-
tioned in the docking site so that the first proximal con-
tralateral extension stent 56 is positioned above or prox-
imal to the constriction 64 and the second proximal con-
tralateral extension stent 58 is positioned below or distal
to the constriction 64. As the delivery system is with-
drawn, stents 56 and 58, which are self-expanding, ex-
pand forcing the sheath 21 of the contralateral extension
to expand out to compress the sheath against the inner
walls of the contralateral docking site 20 Since the outer
diameter of the expanded stents 56 and 58 are larger
than the inner diameter of the constriction 64, a narrow
waist 72 is created in the sheath 21. This physically
locks or secures the proximal end 37 of the contralateral
extension into the docking site 20 of the first stent-graft
component. After the surgeon confirms that the proximal
end of the contralateral extension has been successfully
connected to the contralateral docking site, the surgeon
manipulates the distal end 39 of the contralateral exten-
sion into the contralateral distal implantation site 34 of
the contralateral iliac artery 26. Once this positioning
has been completed, the surgeon carefully withdraws
the delivery system to permit the distal contralateral ex-
tension stent (not shown) to expand and compress the
outer wall of the contralateral extension sheath 21
against the inner wall of the contralateral femoral artery.
When the surgeon confirms that the contralateral exten-
sion has been successfully implanted, the contralateral
catheter guide wire is then withdrawn. At this point the
modular stent-graft has been successfully implanted to
repair the AAA, a repair that not only protects the life of
the patient but also enhances the quality of the patients
life, since the aneurysm has been shunted out of the
patient's circulatory system and no longer functions as

a hydraulic accumulator.
[0020] The radiopaque marker 66 in the constriction
64 of the contralateral docking site 20 functions as a
marker for the surgeon as he observes the manipulation
of the various components during the operation The
marker permits the surgeon to easily locate the position-
ing of the proximal ipsilateral extension stent and the
proximal contralateral extension stent 54, 56 respective-
ly, with respect to the restrictions 62, 64 respectively.
[0021] Referring to Fig. 7, an alternative embodiment
of the first stent-graft component 12A of the present in-
vention is illustrated wherein the bell-bottom 42 is an-
gled towards the contralateral iliac orifice, making it eas-
ier to guide the contralateral catheter guide wire 82 into
the contralateral docking site 20, as described above.
in all other respects, the first stent-graft component is
identical to the stent-graft component 12 described
above. The stents 48, 50 and 52 are shown in phantom.
[0022] Referring to Fig. 8, a second alternative em-
bodiment of the first stent-graft component 12B of the
present invention is illustrated. The ipsilateral docking
site 18A is free of an ipsilateral trunk stent which is con-
tained in the first stent-graft component 12 described
above. However, the contralateral docking site 20A has
a contralateral trunk stent 51 with a series of longitudinal
struts 53 extending distally or downwardly from the
stents 51 biased to create a conical section with respect
to cone 44 of the first stent-graft component. In all other
respects, the first stent-graft component 12B is identical
to the first stent-graft component 12 described above
[0023] When the alternative embodiment first stent-
graft component 12B is utilized to form a modular stent-
graft, the proximal end 36 of the ipsilateral extension 14
is positioned slightly above the restriction 62 so that
when the proximal ipsilateral extension stent 54 ex-
pands, it expands the outer wall of the sheath 21 of the
ipsilateral extension against the inner wall of the ipsilat-
eral docking site 18A to seal the ipsilateral extension to
the first stent-graft component 12B.
[0024] The outer diameter of the proximal ipsilateral
extension stent is greater than the inner diameter of the
constriction 62 causing the sheath 21 of the ipsilateral
extension to form a narrow waist (not shown), thus lock-
ing and securing the proximal end of the ipsilateral ex-
tension to the ipsilateral docking site 18A to prevent the
extension from slipping out or being pulled out of the first
stent-graft component 12B The cone 44 acts in the
same manner as the bell-bottom 42 to give the surgeon
a greater target area to locate the contralateral catheter
guide wire into the contralateral docking site 20A When
the first stent-graft component 12B is In the delivery sys-
tem, it is compressed and struts 63 are aligned parallel
to each other and adjacent to each other. When the de-
livery system is withdrawn after the first stent-graft com-
ponent has been implanted into the proximal implanta-
tion site 30, the struts 63 expand outwardly to expand
the envelope 45 of the cone 44. The struts bow out at
the juncture of the constriction 64A so as to help form
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the narrow waist 72A at the proximal end 37 of the con-
tralateral extension 16. After the contralateral catheter
guide wire has been positioned within the contralateral
docking site 20A, the proximal end 37 of the contralat-
eral extension 16 is positioned within the docking site.
The delivery system is slowly withdrawn, allowing the
proximal contralateral extension stent 56 to expand,
compressing the sheath 21 of the extension between
the inner side of the contralateral trunk stent 51 and the
outer side of the first proximal contralateral extension
stent 56. The narrow waist 72A formed in the sheath 21
locks or secures the proximal end 37 of the contralateral
extension to the contralateral docking site 20A to pre-
vent the extension from slipping out or being pulled out
of the docking site.
[0025] Referring to Fig. 9, a third alternative stent-
graft component 12C is illustrated which is identical to
the first stent-graft component 12 described above, with
the exception that ipsilateral docking site 18B of this first
stent-graft component does not contain an ipsilateral
front stent. In contrast, in this first stent-graft component
12C, a flexible bracer 76 is located within the component
to prevent longitudinal collapse of the ipsilateral leg 15A
during implantation into the proximal implantation site
30. Alternatively, longitudinal collapse of the ipsilateral
leg 15A can be prevented in the first stent-graft compo-
nent 12C described above by attaching ipsilateral leg
15A to contralateral leg 15B by struts attached between
the two legs, a membrane attached to the two legs, or
by sewing the two legs together (not shown).

Claims

1. A device for repairing a body lumen, comprising:

a main tubular component, said main tubular
component having a superior end, an inferior
end, and a trunk portion with first and second
legs extending therefrom, said second leg ex-
tends beyond said first leg and includes an end
portion which hus a bell-bottom configuration;
and
a plurality of discrete expandable devices at-
tached to said main tubular component, said
expandable devices being positioned at differ-
ent longitudinal levels along said repairing de-
vice.

2. The repair device of claim 1, wherein one of said
plurality ot expanded devices is a main expandable
device configured proximate said superior end of
said main tubular component.

3. The repair device of claim 1, wherein one of said
plurality of expandable devices is a first minor ex-
pandable device and further comprising a first dock-
ing site positioned within said first leg, said first

docking site configured with said first minor expand-
able device

4. The repair device of claim 3, wherein another of said
plurality of expandable devices is a second minor
expandable device and further comprising a second
docking site positioned within said second leg, said
second docking site configured with said second
minor expandable device.

5. The repair device of claim 4, said second leg includ-
ing a second constriction, said second constriction
being an annular indentation formed in said repair
device.

6. The repair device of claim 5, wherein said second
constriction is positioned superior to said bell-bot-
tom portion.

7. The repair device of claim 6, further comprising a
tubular component configured to mate with said first
leg, said first tubular component further including a
plurality of first supplemental expandable devices,
said first supplemental expandable devices being
spaced along said tubular component.

8. The repair device of claim 7, further comprising a
second tubular component configured to mate with
said second leg, said second tubular component
further including a plurality of second supplemental
expandable devices, said second supplemental ex-
pandable devices being spaced along said second
tubular component.

9. The repair device of claim 8, wherein said first con-
striction is received between adjacent first supple-
mental expandable devices.

10. The repair device of claim 8, wherein said second
constriction is received between adjacent second
supplemental expandable devices.

11. The repair device of claim 5, further comprising a
radiopaque marker positioned at said second con-
striction.
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