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[57] ABSTRACT

An endoprosthetic implant is formed from a plurality of
separate individual components that are inserted sequen-
tially and transluminally into a bifurcated vascular region
with each component being deployed in sequence by a
sequence of catheter-like deployment devices. The separate
components are placed relative to each other to define a
bifurcated endoprosthesis. In one embodiment the deploy-
ment device includes a tubular sheath for maintaining the
radially expandable tubular implant in a contracted configu-
ration and a gripping device including a cup and a gripping
member that cooperate to define an annular space by which
the trailing end of the implant can be securely held by the
deployment device during positioning of the device.

1 Claim, 14 Drawing Sheets
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DEPLOYMENT DEVICE FOR TUBULAR
EXPANDABLE PROSTHESIS

FIELD OF THE INVENTION

The invention relates to devices and techniques for plac-
ing and securing an endoprosthesis in a patient’s vascular
system, including bifurcated blood vessels.

BACKGROUND OF THE INVENTION

Among the long accepted practices to treat a variety of
vascular disorders are surgical procedures that involve
placement of a tubular graft in a patient’s blood vessels. The
construction and characteristics of the graft typically are
adapted to optimize its use in the specific surgical environ-
ment and condition to be treated and, accordingly, a number
of different types of grafts are available. Among the most
common vascular grafts are those formed from a woven or
knitted tubular fabric as well as non-fabric tubes such as
expanded polytetrafluoroethylene. Such grafts typically are
placed in a patient’s vascular system in a highly invasive
surgical procedure. In general, the complexity of the surgical
procedure required to place the graft will depend on many
factors, including the location and surgical accessibility of
the portion of the patient’s vasculature where the graft is to
be placed.

Not all vascular conditions in which it would be desirable
to place a graft can be so treated. Among the particularly
troublesome medical conditions in which it is desirable to
place a graft is that of an abdominal aortic aneurysm, in
which a portion of the patient’s aorta, the major artery
carrying blood from the heart, has developed a weakened
wall such that the weakened portion will tend to expand
under the influence of the patient’s blood pressure. An aortic
aneurysm presents a life threatening risk that the aneurysm
may burst causing massive internal bleeding. Treatment of
the condition typically has involved deeply invasive
abdominal surgery in which the patient’s abdominal cavity
is opened to reach and expose the aortic aneurysm. While
maintaining the patient on an independent life support
system, the region of the aneurysm is incised lengthwise to
enable insertion of the graft into the aorta to span the
weakened region and define a structurally strong tubular
flow path between the remaining healthy portions of the
aorta. The graft, so positioned, then is sutured in place. The
graft thus serves as a reinforcing liner for the weakened
portion of the aorta. Such surgical procedures have been
characterized by a relatively high mortality rate. Typically,
patients suffering from the condition are elderly and are less
able to survive the rigors of major abdominal surgery.
Additionally, there is a substantial degree of risk when the
abdominal cavity is opened because the confining pressure
of other abdominal organs on the aorta is released. In some
cases, the aortic wall in the region of the aneurysm is so
weak that upon release of the confining pressure, the aneu-
rysm may burst with resulting immediate massive hemor-
rhaging.

Significant effort has been directed to the development of
less invasive techniques for placement of a graft, such as in
the abdominal aortic region, in a manner that presents less
risk to the patient. Various devices in the form of a single
tubular implant have been described for that purpose.
Typically, such single tube devices have a means for anchor-
ing the ends of the graft to healthy vascular tissue at the
opposite ends of the aneurysmal region.

In the case of abdominal aortic aneurysms, however, by
the time the aneurysm is discovered, it may have advanced
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to a stage where there is insufficient healthy tissue in the
region where the aorta bifurcates into the two iliac arteries
for the end of a single tubular graft to be secured. Often the
aneurysm has advanced into and involves the iliac arteries as
well. Such a condition cannot be treated by a single lumen
tubular prosthesis. If an endoluminal prosthesis is to be
placed in such anatomy, the prosthesis must have a bifur-
cated configuration in order to extend fully through the
regions of aneurysm in all of the involved arteries and with
the device being in secure engagement with healthy tissue to
insure that it provides full endoluminal support and will not
migrate from its implanted position.

The necessity for the use of a bifurcated graft has been
recognized. One approach is described in U.S. Pat. No.
5,489,295 (Piplani) in which a one-piece bifurcated graft is
described as being placed in the bifurcated region of the
aorta and iliac arteries. The procedure described is complex
and requires many difficult manipulations by the physician.
Additionally, the unpredictable variations and vascular
anatomy of an individual patient can be expected to present
blood vessels of shapes and diameters that do not readily
match the preformed configuration of a one piece,
preformed, bifurcated graft. Consequently, the use of such a
graft is likely to result in mismatches between one or more
of the three legs of the bifurcated graft with the correspond-
ing aorta and iliac arteries.

Another device is described in PCT patent application
PCT/US95/01466 (International Publication No. WO95/
21592) in which a bifurcated device is formed in two
sections, one of which includes a graft having a main body
and one integral leg extension. The main body is intended to
be placed in the aorta and the extension in one of iliac
arteries. The main body also has an opening adjacent the leg
extension that can be aligned with the other iliac artery. The
second section of the device includes a tubular graft that can
be advanced through the other iliac artery into engagement
with the opening in the main body. This arrangement also is
awkward to place and presents additional difficulties.
Among those difficulties is that where the body and one of
the legs is formed in a unitary structure, the device similarly
does not lend itself to modular construction in which the
individual components can be combined to match the
dimensions of the particular patient’s anatomy. Also among
the difficulties with the device is that it employs stenting
elements formed from a shape memory alloy that is not
readily visualized under fluoroscopic examination and must
be placed relatively quickly, before the stent expands as a
consequence of exposure to body temperature.

A third approach, described in PCT application PCT/
DK94/00468 (International Publication No. W095/16406)
employs an endovascular device for placement at the region
of an arterial bifurcation that includes a three-component
system including a main, bag-like body intended for place-
ment in the aorta. The bag-like body has a pair of openings
formed at its lower end. Each of the openings is said to
receive an end of a tubular prosthesis inserted through each
of the iliac arteries. The tubular prostheses are said to attach
to the main bag-like body and extend into the iliac arteries.
Among the apparent difficulties with this arrangement are
that there is no way for the physician to visualize,
fluoroscopically, the main bag-like body or the location of
the openings that must be accessed in order to insert the leg
segments into the openings. Additionally, the apparently
flexible structure of the bag-like body would enable the bag
to flex under the influence of blood flow, body movement
and engagement with the apparatus for delivering and plac-
ing the leg segments, all of which would present consider-
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able difficulties in the placement process. Moreover, even if
the leg segments could be attached to the main body, the
apparent relationship of the leg segments with the main body
is such as to present an irregular, turbulent flow path from
the main body to the leg extensions.

None of the prior art relating to the placement of a
bifurcated tubular endoprosthetic implant within the region
of the aortic-iliac arteries has suggested a modular construc-
tion by which the components can be accurately positioned,
assembled and, if necessary, is recaptured within the deliv-
ery device so that the module can be redeployed in its proper
position or removed in its entirety. Additionally, none
embodies an arrangement in which the leg portions of the
stent have a high degree of flexibility in order to conform
easily to the configuration of the particular patient’s vascular
anatomy.

It would be desirable to provide a modular implant that
can be constructed in situ with modules that can be accu-
rately placed and connected easily with individual modules
selected to conform closely to the vascular anatomy of the
individual patient. It is among the general objects of the
invention to provide such a modular implant construction.

SUMMARY OF THE INVENTION

The endoprosthetic implant of the present invention is
formed from separate components that are individually and
sequentially inserted transluminally to the region to be
treated such as, for example, the region of the abdominal
aorta and iliac arteries. Each is deployed in sequence by a
catheter-like delivery device. Except for the first placed
module, each module is connected to a previously placed
module. The first placed module comprises a trunk adapted
to be placed in the aorta and having a relatively large
upstream opening and a pair of smaller downstream open-
ings. Each of the downstream openings is adapted to receive
the upstream end of one of two tubular leg extensions. The
trunk, which is constructed to be recapturable within the
delivery device, includes a tubular synthetic graft having
upstream and downstream ends and a resilient expandable
frame assembly. The frame assembly includes a radially
expandable anchor at its upstream end that serves to secure
the endoprosthesis to healthy aortic tissue and also maintains
the upstream end of the endoprosthesis expanded and in
sealed engagement with the lumen of the aorta. A stent at the
downstream end of the graft maintains the downstream
branches of the graft open and receptive to the leg exten-
sions. The anchor and the stent are connected to each other
by at least two longitudinal struts in a manner that enables
the trunk to be recaptured within the delivery device and
repositioned or removed. The struts, anchor and stent also
provide sufficient longitudinal stiffness and column strength
for the trunk so that it will not buckle when engaged by the
leg extensions or the delivery device by which the leg
extensions are placed. The frame assembly is such that the
trunk is relatively stiff to assure that it will remain securely
in place to present a stable target that can be accessed by the
other modular components with improved facility. The leg
extensions are constructed to facilitate their bending without
kinking in order to conform to the specific anatomy of the
patient. The modular construction of the endoprosthesis
enables it to be formed from components, each of which can
be selected to fit the specific part of the vascular anatomy of
the patient into which it is to be placed.

It is among the general objects of the invention to provide
an improved endoluminal implant adapted to be placed in a
bifurcated vascular region.
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Another object of the invention is to provide an arrange-
ment of modular endoluminal implant components by which
an endoluminal graft may be constructed within the vascular
lumen to a configuration conforming to the patient’s vascu-
lar anatomy.

Another object of the invention is to provide an arrange-
ment of modular endoluminal implant components includ-
ing a trunk for placement within a blood vessel and legs
connectible to the trunk for individual placement in a branch
blood vessels.

An additional object of the invention is to provide a
modular graft of the type described in which each of the
individual modules can be positioned accurately and in
which at least the first placeable module can be recaptured
and repositioned, if necessary.

Another object of the invention is to provide an improved
method for construction of an endoluminal inplant in situ at
a bifurcated region.

DESCRIPTION OF THE DRAWINGS

The foregoing and other object and advantages of the
invention will be appreciated more fully from the following
further description thereof, with reference to the accompa-
nying drawings, of which:

FIG. 1 is a diagrammatic illustration of a portion of an
abdominal aorta illustrating, in phantom, an aortic aneurysm
confined to the aorta;

FIG. 2 is an enlarged illustration similar to FIG. 1 but with
an aneurysm that has involved a substantial length of the
abdominal aorta and has extended into the iliac arteries, with
an implant in accordance with the invention operatively
positioned in the region of the aneurysm.

FIG. 3 is an illustration of the trunk module of the
endoprosthetic implant;

FIG. 4 is an illustration of an individual resilient compo-
nent that may be used as an anchor or a stent;

FIG. 4A is an illustration of the region of connection
between a strut and a straight segment of the stent;

FIG. § is an illustration of the juncture of the ends of the
wire that forms the resilient component of FIG. 4;

FIG. 6 is an illustration of the frame assembly for the
trunk component of the implant, including an anchor, a stent
and a plurality of longitudinal struts extending between the
anchor and stent;

FIG. 7 is a greatly enlarged longitudinal section of a
portion of a strut of the trunk;

FIG. 8 is an illustration of an embodiment of a hook and
hook support attached to a portion of the anchor as seen from
a location radially outward of the anchor and viewed in a
radially inward direction;

FIG. 9 is an illustration of the hook and hook support of
FIG. 8 as seen from the left of FIG. 8 and as viewed in a
direction generally tangential of the anchor;

FIG. 10 is an illustration of an anchor having the hook
configuration illustrated in FIGS. 8 and 9 as withdrawn into
a pod at the distal end of a delivery device;

FIG. 11 is an illustration similar to FIG. 8 of a detent
carried by the anchor at the upper end of the trunk engagable
with the tissue of a body lumen to prevent movement of the
anchor in an upstream direction after the endoprosthesis has
been deployed;

FIG. 12 is an enlarged side elevation of the bent tip at the
end of the detent of FIG. 11;

FIG. 13 is a top view of the detent arrangement of FIG.
11;
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FIG. 14 is an illustration of the upstream end of a trunk
embodying alternating hooks to resist downstream move-
ment and detents to resist upstream movement of the
endoprosthesis;

FIG. 15 is an illustration of an embodiment of a leg
extension that may be used in the practice of the invention,
shown in its low profile, unexpanded configuration;

FIG. 16 is a fragmented illustration of the leg segment
shown in FIG. 15 after being expanded; and

FIG. 17 is an illustration of the manner in which the
upstream end of a leg extension engages the trunk when the
two are connected;

FIG. 18 an illustration as seen along the line 18—18 of
FIG. 17,

FIG. 19 is an illustration of a modified embodiment of the
trunk module of the invention;

FIG. 20 is an end view of the lower end of the trunk as
shown in FIG. 19 as seen from 20—20 of FIG. 19;

FIG. 21 is a reduced scale, longitudinal cross-section
through the trunk of FIG. 19 as seen from 21—21 of FIG.
19;

FIG. 22 is a fragmented illustration of a deployment
catheter having a modified arrangement for releasably grip-
ping the trailing end of an endoprosthesis module;

FIG. 23 is a fragmented, sectional, diagrammatic illustra-
tion of the endoprosthesis gripping arrangement of FIG. 22,
enlarged, and illustrating the gripping members projected
distally of the end of the delivery sheath;

FIG. 24 is an illustration similar to FIG. 23 with the
gripping mechanism having been operated to release the
trailing end of the endoprosthesis and with the endopros-
thesis as shown in an expanded configuration;

FIGS. 25A-25F illustrate, schematically, sequential steps
in the placement of the endoprosthesis;

FIGS. 26D-26G illustrate, schematically, a modified pro-
cedure of sequential steps in the placement of the endopros-
thesis; and

FIG. 27 is a diagrammatic illustration of the manner in
which the modified trunk of FIG. 19 may be placed.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 illustrates, diagrammatically, the region of the
human aorta 2 through which oxygenated blood is pumped
from the heart in a downstream direction suggested at the
arrows 4. Also shown are the renal arteries 6 that branch off
of the aorta to direct blood to the kidneys and the iliac
arteries 8 that branch at a bifurcation 10 to serve the lower
extremities. FIG. 1 also illustrates diagrammatically, and in
phantom, an aneurysm 12 as may develop in the aorta 2
between the renal artery 6 and the bifurcation 10. The
aneurysm 12 defines a weakened region of the wall of the
aorta and may be susceptible to rupture and subsequent
hemorrhaging under the influence of arterial blood pressure.
Such a condition may be treated by placement of an implant
within the artery to line and reinforce the artery in the region
of the aneurysm 12. The condition has been treated, if at all,
by attempting to place the implant surgically. Surgical
placement presents a high risk to the patient. The present
invention is directed to placement of an implant assembly
endoluminally by radially contracting the implant within a
sheath of a delivery catheter, inserting the catheter into a
blood vessel to access the aneurysm, positioning the device
within the aneurysm and then releasing the implant assem-
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6

bly into engagement with supportive, healthy arterial tissue
beyond each end of the aneurysm.

In this description, a direction along which the delivery
device is advanced (i.e., toward the heart) will be referred to
variously as “leading”, “forward”, “above” or “renal” and
the opposite direction will be referred to variously as
“trailing”, “rearward”, “below” or “iliac”. Thus the tubular
implants may be considered as having a leading end and a
trailing end. When an implant has been advanced into and
through the blood vessel from a downstream location to an
upstream deployment location, the leading end of the
implant also may be considered as being “upstream” and the
trailing end as “downstream”. For a device advanced in an
upstream-to-downstream direction, the leading-trailing con-
vention would be reversed.

It is not uncommon for the presence of an aneurysm to be
undetected for a significant time, during which the extent of
the aneurysm may increase. The aneurysm may develop
both upstream and downstream along the abdominal aorta,
extending into or beyond the bifurcation 10 into one or both
of the iliac arteries 8. FIG. 2 represents such a condition in
which the aneurysm has developed at its lower end to
include involvement with both iliac arteries 8. When an
aneurysm has developed to that stage, there no longer is
sufficient healthy tissue to be securely engaged by a single
tubular implant. Consequently, if the condition is to be
treated by endoluminal placement of a prosthesis, the pros-
thesis will have to extend into one or both of the branch
vessels.

FIG. 2 illustrates the assembled and deployed modules of
an implant in accordance with the invention. The modules
include a trunk, indicated generally at 14, and a pair of legs
extensions, indicated generally at 16, 18. The trunk 14 is
adapted to securely engage a region of healthy, supportive
arterial tissue 20 above the aneurysm 12. When deployed,
the lower end of the trunk 14 extends into the region of the
aneurysm and is arranged to receive the upper ends of leg
extensions 16 and 18 in a secure connection. The lower ends
of the leg extensions 16, 18 are arranged to extend into and
engage healthy tissue in the iliac arteries. When the
endoprosthetic implant is fully deployed, it will define flow
channels for blood from healthy vessel tissue above the
aneurysm to healthy vessel tissue below. Over time, and
depending on the construction of the implant, tissue can be
expected to grow into the wall of the implant and ultimately
approximate a natural biological luminal surface. The region
13 within the aneurysm exteriorly of the implant typically
can be expected to be filled with mural thrombus.

Each of the trunk 14 and leg extensions 16, 18 is placed
endoluminally and separately, with the trunk 14 being placed
first. The components are generally tubular and may be
placed with a catheter-like delivery device, indicated dia-
grammatically at 15 in FIG. 19B, as described in European
patent application 95114543.2 published Mar. 20, 1996
(Publication No. EP 701800A1), the disclosure of which is
incorporated herein by reference, in its entirety. The delivery
device 15 includes an elongate flexible tubular sheath 17 that
defines a tubular pod 19 at its leading end. The pod 19 is
adapted to contain an expandable tubular endoprosthesis,
such as a trunk 14 or one of the leg extensions 16, 18, in a
radially contracted, low profile configuration. When the
delivery device 15 has been advanced to the intended site of
deployment, the tubular endoprosthesis is maintained in
position by a staying member (not shown) disposed within
the sheath while the delivery sheath and pod are withdrawn.
As the sheath and pod withdraw, the leading end of the
endoprosthesis is progressively exposed and progressively
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expands into engagement with the blood vessel. The deliv-
ery device and trailing end of the endoprosthesis are con-
figured so that they remain attached to the delivery device 15
until the physician has had an opportunity to confirm that the
endoprosthesis is in its desired position and orientation. The
physician then can complete withdrawal of the sheath and
pod to completely release the implant in the patient.
Alternately, if the implant is not in the desired position for
orientation, the sheath can be readvanced forwardly to
recapture the endoprosthesis for repositioning or removal
from the patient.

One embodiment of the trunk component 14 of the
invention is illustrated in FIG. 3. The trunk 14 includes an
elongate flexible tubular graft 22 that may be of woven or
other conventional vascular graft construction. The graft 22
of the trunk 14 preferably is bifurcated to include an upper
single lumen portion 24 having a relatively large expanded
diameter and a lower two-lumen portion 26 that includes
bifurcated first and second branch tubes 28, 30. The tech-
niques for constructing grafts having such a bifurcated
structure are well known to those skilled in the art. Prefer-
ably the graft is of woven construction. Although the graft
22 includes the bifurcated branches 28, 30, the graft 22 is
relatively short and is not intended itself to extend to the iliac
arteries 8. Rather, the trunk 14 is constructed and selected so
that the lower ends of the tubes 28, 30 will be disposed
within the aneurysm, above the arterial bifurcation 10 and
iliac arteries 8.

The trunk 14 should be formed to present a symmetrical
internal configuration within its flow lumens, particularly in
the bifurcated region 34. The bifurcate region 34 should
define a relatively thin, smooth edge 35 (see FIGS. 17, 18)
to the blood stream to minimize turbulence or regions of
blood stagnation and to assure that the blood flow will be
balanced and symmetrical in each of the legs 28, 30. Lack
of symmetry or presentation of a broad region of bifurcation
34 could result in turbulent or asymmetrical blood flow that
could lead to development of blood clots or other obstruc-
tion. The first and second tubular branches 28, 30 are
attached to each other by one or more sutures 32 to maintain
the tubes 28, 30 in close, generally parallel relation.

The trunk 14 includes a supporting frame, illustrated
generally at 36 in FIG. 6. The frame 36 is connected to the
graft 22 and serves to maintain the graft 22 in its open
configuration as the trunk 14 is released within the artery. In
the preferred embodiment, the frame 36 may include an
anchor 38 at its upper end and a stent 40 at its lower end. The
anchor 38 and stent 40 may be formed from a suitable wire
such as MP35N alloy in a zigzag configuration as illustrated
in FIG. 4, including a plurality of alternating straight sec-
tions 42 and bends 44. The anchor and stent may be formed
by first bending the wire into the zigzag configuration and
then connecting the free ends 46 together, as by welding
(FIG. 5) to define a ring-like configuration. Although omit-
ted for clarity of illustration in FIG. 6, the anchor 38 may be
provided with hooks, indicated generally at 48 as illustrated
in FIGS. 1 and 3. The stent 40 is not intended to engage
tissue and need not be provided with hooks 48 for that
purpose. The lower ends of the stent 40 may protrude
downwardly out of the legs 28, 30 and may serve as a
connector to the delivery device.

By way of dimensional example, in the device intended
for placement in an adult abdominal aorta, the overall length
of the trunk 14 may be of the order of about six cm long,
with the upper single lumen part 24 of the trunk being about
three cm long and the lower portion 26 of the trunk also
being about three cm long. The anchor 38 and stent 40 may
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be of the order 2.5 cm long so that when they are attached
to the graft 22, the adjacently facing ends of the anchor 38
and stent 40 contained within the graft 22 will be spaced
from each other to define an internal exposed cylindrical
band 37 of uninterrupted graft material. The internal surface
characteristics of the graft material preferably are such as to
facilitate secure engagement with the leg extensions 16, 18
when the leg extensions are connected to the trunk 14, as
described in further detail below. The large single lumen
portion 24 of the trunk 14 may be of the order of fourteen
to thirty mm in diameter. The diameter of the first and
second tubular segments 28, 30 of the trunk may each be
approximately half of that of the single lumen segment, that
is, of the order of seven to fifteen mm. In a specific example,
a trunk was made having a single lumen diameter of
approximately 30 mm in diameter and a branch lumen
diameter of approximately 14 mm. The anchor 38 is formed
to define a relaxed diameter that is slightly greater than the
diameter defined by the single tube portion 24 of the trunk
to assure that the anchor will expand the open end of the
graft fully. Similarly, the stent 40 is constructed to define a
relaxed diameter that will assure full expansion of the
branches 28, 30 and lower portion 26 of the endoprosthesis.

The frame 36 also preferably includes a connection
between the anchor 38 and stent 40 in the form of elongate
struts 50. In the illustrative embodiment, one end of each of
the struts 50 is attached to the stent 40, as by welding. The
other end of each of the struts is connected to the anchor 38,
as with sutures 52 that also secure the struts to the graft 22.
The struts 50 which, preferably, are located exteriorly of the
graft 22, also may be attached along their lengths to the
exterior surface of the graft 22, as by heat bonding. The
struts 50 should be connected to the anchor 38 and stent 40
in a manner that will reduce the risk of development of stress
concentrations on the frame when the device is flexed at any
time during its use. To that end, in the illustrative
embodiment, the struts 50 may be attached, as described
below, as by welding to the stent 40 and by sutures 52 that
also serve to attach the anchor 38 and stent 40 to the graft
22.

FIG. 7 shows, in greatly enlarged cross-sectional detail,
the construction for the struts 50. The struts preferably
include an inner core wire 54 surrounded by a helical coil 56
wrapped tightly about the core wire 54. The coil is wrapped
in a thin tube of thermoplastic polymeric material 58. The
polymeric layer may comprise polypropylene, applied as a
tube about the coil 56 and then heated sufficiently to cause
the polypropylene to begin to melt and flow into close
intimacy with the turns of the coil 56 and the graft 22. The
polymeric layer 58 may be formed from a lower melt
temperature polymeric material from that of which the graft
22 is formed. By bonding the polymeric covering directly to
the graft material, as suggested in FIG. 7, the struts may be
attached securely along their full lengths to the graft 22 to
provide full longitudinal support for the graft 22. The struts
50 also serve to prevent the graft 22 from becoming twisted
in that the struts, being substantially straight and resilient,
will resist such twisting. The core wire 54 and wire from
which the coil 56 is formed may be formed from MP35N
alloy. The construction of the struts provides enhanced
longitudinal rigidity and column strength after the device is
assembled and during deployment, while at the same time
allowing the device to collapse to a low profile. A strut so
constructed may have sufficient radiopacity to permit
adequate X-ray or fluoroscopic visualization of the struts
when implanted in the abdominal aorta. The radiopacity of
the struts may be enhanced by adding a radiopaque filler
material to the polymeric material 58.
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Although, in this embodiment, the lower, trailing end of
the trunk 14 includes a pair of branch tubes 28, 30, a single
stent 40 can be used to maintain both tubes 28, 30, in an open
configuration when the device is deployed. The zigzag
construction of the stent 40 is such that the adjacent portions
60 of the lower ends of the tubes 28, 30 can be placed
between opposed pairs of straight sections 42 of the stent 40.
FIG. 3 illustrates such an arrangement in which the adjacent
straight sections 424, 42b and opposed straight sections 42c,
42d embrace the adjacent portion 60 of the first and second
tubes 28, 30. When the lower end of the trunk in this
embodiment is relaxed and permitted to expand, the coop-
eration between the attached tubes 28, 30 and the stent 40
defines a generally oval cross-sectional configuration that
includes the open adjacent tubes 28, 30. FIG. 6 illustrates the
configuration of the frame with the stent 40 defining the
generally oval shape. One or both of the tubes 28, 30 may
be provided with radiopaque means for enhancing fluoro-
scopic visualization of the openings of the tubes 28, 30. Such
means may, for example, be in the form of a ring of
radiopaque material.

By way of further example, an anchor 38 adopted for use
in an adult aorta may have twelve straight sections 42
disposed at an angle to each other of about 30°, when
relaxed. It should be understood, however, that the dimen-
sions and number of wire segments 42 of the anchor 38 may
be varied, depending on the size of the lumen into which the
endoprosthesis is to be placed and the specific condition to
be treated. The diameter defined by the anchor should not be
less than that of the body lumen into which it is to be
deployed in order that the anchor may expand the graft fully
into firm and sealed engagement with the body lumen.
Preferably, the expanded diameter defined by the anchor
may be slightly greater than that of the body lumen. When
the device is advanced to the site where it is to be implanted,
it is released from the delivery device and, as it is released,
the anchor expands to a larger diameter and into engagement
with the inner surface of the body lumen. In the illustrative
embodiment, the anchor 38 presses radially outwardly
against the inner luminal surface of the aorta and serves to
retain the trunk in place.

The security of the engagement between the trunk 14 and
the blood vessel wall preferably is enhanced by providing
hooks 48 on the upper anchor 38. The hooks 48 are formed
on the upper ends of hook supports 47. The hook supports
47 preferably are formed from the same material as the wire
of the anchor 38, and may be attached to and along the
straight sections 42 of the anchor 38. The hook supports 47
and hooks 48 are arranged with the hooks 48 disposed above
the bends 44 of the anchor 38. The hook supports 47
preferably are welded to the straight sections of the anchor
at two junctions. The hooks 48 preferably are sharp and
extend radially outward so that they can dig into the vessel
to prevent migration of the device. The hooks 48 may be
oriented at a downward angle to present substantial resis-
tance to shifting of the upper anchor 38 in a downstream
direction. The hooks 48 are arranged so that when the device
is deployed, the hooks 48 will project radially outwardly
beyond the outer portions of the endoprosthesis to assure
that the hooks will engage securely the tissue of the blood
vessel.

It is desirable that the device be constructed so that the
anchor 38 can be contracted to a low profile configuration in
which the implant is insertable into and carried by the
tubular pod 19 of the delivery device 15 but without the
hooks 48 becoming entangled with each other or otherwise
interfering with the ability of the device to be radially
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contracted or expanded. To that end, the hooks are supported
in a manner such that they will extend radially outwardly of
the upper end of the delivery device when the implant is
deployed but can be withdrawn radially inwardly into the
pod of the delivery device when the implant is contracted.
FIGS. 3 and 8-10 illustrate a preferred arrangement by
which the hooks may be provided with such radial move-
ment. To that end the hook supports 47 are shaped to include
an S-shaped region that defines transverse extensions E, F
that can engage the rim 21 at the leading end of the pod 19
as the anchor 38 is drawn, relatively, into the pod 19. The
S-shaped portion 62 of the hook support 47 may lie essen-
tially in a single plane (see FIG. 9) that includes a center line
66 of the hook support 47 and extends approximately
tangentially to the outer periphery of the anchor 38. The
extent to which the transverse extensions E, F extend from
the center line 66 may be varied depending on the other
dimensional requirements of the system. The transverse
extensions should define a distance E+F that will assure the
retraction of the hooks 48 to their intended radially inwardly
disposed configuration so that they can be captured within
the pod 19, without entanglement, as suggested in FIG. 10.
When the rim 21 of the pod 19 engages the transverse
extensions E, F of the hook supports 47, advancement of the
pod 19 will depress and urge the hook supports 47 radially
inwardly to cause the ends of the hooks 48 to be drawn
radially inwardly toward the central axis of the anchor. The
chordal segment defined by the length E +F should be such
that the radial projection J of the hook 48 will be well within
the circumference defined by the inner diameter of the pod
19. Reference is made to European patent application,
publication number EP701800A1, for additional description
of the arrangements for effecting radial movement of hooks
in response to engagement of the advancing pod.

It also may be desirable to include vessel-engaging mem-
bers that will prevent shifting of the implant in an upstream
direction. To that end and as shown in FIGS. 11-14 the
anchor 38 also may be provided with detents 70 that may be
formed on the upper ends of each of one or more detent
supports 72 in the same manner as the hooks 48 are disposed
on the hook supports 47. The detent supports 72 also may be
provided with transverse extensions E' and F' to facilitate
their controlled radial retraction when the pod 19 is
advanced to recapture the trunk. The detent 70 may be
formed simply by providing a bent tip 74, at the upwardly
extending ends of the supports 72, beyond the transverse
extensions. The bent tip 74 preferably is formed at an acute
angle to the center line 76 of the support 72. By way of
dimensional example, the bent tip 74 may be of the order of
about 0.08" long and may extend radially outwardly by a
dimension K about 0.04 inch from the center line 76. The
uppermost end of the tip may be beveled, as indicated at 78,
to provide a sharp point oriented to dig into the tissue of the
blood vessel should the device tend to shift in an upward
direction. It should be noted that when the device is
deployed the detents will press radially outwardly against
the tissue of the vessel. The sharp tips will not fully dig into
the tissue of the vessel unless and until the device is urged
in an upstream direction. The anchor 38 may be configured
to have alternately downstream resistant hooks 48 and
upstream resistant detents 70 as shown in FIG. 14.

The stent 40 may be assembled and integrated with the
graft 22 by first attaching the lower ends of the inner core
wires 54 to straight sections 42 of the stent 40, preferably in
a manner that will avoid the development of significant
stress concentrations at the region of attachment. In the
illustrative embodiment, the lower ends of the inner core
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wires 54 may be spot welded, as suggested at 53 in FIG. 4A.
After the lower ends of the core wires 54 have been so
attached, the stent 40 is placed in the open ends of the branch
tubes 28, 30, passing the free ends of the inner core wires 54
from the inside to the outside of the graft 22 through small
holes 51 formed in the branch tubes 28, 30. With the stent
40 positioned in the graft 22 as described with the core wires
54 protruding outwardly through the graft 22, the helical
coils 56 are slipped onto the core wires 54 and the polymeric
tubes 58 are slipped over the helical coils 56. After the
anchor 38 is assembled with its arrangement of hooks 48
and, if employed, detents 70, the anchor 38 is placed within
the upper end of the graft 22, with the hooks 48, hook
supports 47, detent 70 and detent support 72 being manipu-
lated through small openings 53 formed about the upper end
of the graft 22. The sutures are placed to further connect the
anchor 38, stent 40, struts 52 and graft 22 together. The
polymeric tubes 58 then may be heat bonded to the graft 22.
It may be noted that the upper ends of the struts 50 need not
be rigidly attached to the anchor 38 and, preferably, are
attached to permit flexibility between the two without devel-
oping adverse stress concentrations. To that end, the sutures
52 associated with the anchor 38 provide a connection
between the anchor 38 and the struts 50 while also serving
to attach the anchor 38 to the graft 22. The sutures 52
associated with the anchor 40 serve to provide an additional
connection between the frame 36 and the graft 22.

FIGS. 19-21 illustrate a modified embodiment of the
anchor that may be constructed in similar fashion to that
described above in connection with the embodiment of FIG.
3. In this embodiment, the graft 22' is formed to include an
additional single lumen segment 27 having an expanded
diameter approximately equal to the sum of the diameters of
the first and second branch tubes 28', 30'. The stent 40 may
be the same stent as that described above in connection with
the embodiment of FIG. 3. The single lumen configuration
of the segment 27 enables the stent 40 to expand that
segment to a generally circular cross-section (FIG. 20). The
struts 50' may be constructed in the same manner discussed
above. The device thus may be considered to include a pair
of generally circular cross-section lumens at its ends that
communicate with a pair of smaller diameter parallel lumens
defined by the tubes 28', 30'. As described below in con-
nection with the description of the manner in which the
device is used, the enlarged diameter opening defined by the
segment 27 presents a larger target to facilitate coupling of
the leg extension 16, 18, with the trunk.

As shown in FIGS. 15-18, each of the leg extensions 16,
18 may include a flexible outer tube 90 of the type com-
monly used as a synthetic blood vessel. Although other
constructions may be employed, in a presently preferred
embodiment the tube 90 may be formed from a conventional
graft material, such as a fabric similar to the fabric from
which the graft 22 is formed. It should be understood,
however, that any of a variety of conventional graft materials
may be employed including graft materials that have differ-
ing characteristics than other of the modular components in
order to suit the particular requirements of the patient. The
length of the graft 90 may be varied to suit the anatomy of
the particular lumens into which the implant is to be placed.
The tube 90 is supported internally by a stent 92 that, in the
preferred embodiment, extends substantially the full length
of the tube 90. The lower end of the extension leg 16, 18 may
be provided with a means by which it can be engaged by the
delivery catheter to enable the leg extension to be
recaptured, for repositioning or removal before release,
should that be desired. To that end lower end of the stent 92
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may protrude downwardly beyond the lower end 91 of the
tube 90 and preferably defines, when relaxed, a slightly
flared configuration defining a plurality of downwardly
facing projections 94. Stent 92 is expandable from a low
profile configuration (FIG. 15) in which it can be received
within the tubular pod 19 of the delivery device and an
expanded configuration in which it has fully expanded the
graft 90. Although a number of stents may be employed, it
is presently preferred to use the type of stent described in
German patent number 43 03 181.1 issued to Angiomed A
G of Karlsruhe, Germany and from whom such stents are
available commercially.

The leg extensions 16, 18 are deployed with the use of a
delivery catheter such as that described above in connection
with the trunk 94 and incorporated by reference herein. One
of the leg extensions 16, 18 is carried by the delivery device
to a position in which the leg extension is disposed within
one of the branch tubes 28, 30 of the previously placed trunk
14. While maintaining the position of the leg extension, the
sheath and pod 19 are withdrawn to progressively enable the
stent 92 to expand the tube 90 within and into engagement
with the inner surface of the trunk 14. The leg extensions 16,
18 are selected to have an expanded diameter to match the
internal dimensions of the trunk 14 so that the upper end of
the leg extension, when released, will firmly and securely
engage the inner luminal surfaces of the trunk 14. The
dimensions and engagement should be such as to assure a
firm and secure contact between the inserted end of the leg
extensions to prevent separation of the leg extension from
the trunk 14 as well as to provide a seal between the two to
prevent blood from leaking out of the implant. The preferred
embodiment the leg extensions are secured by cooperative
engagement of the facing surfaces of the tube 90 and the
inner surface of the graft 22 coupled with the radial expan-
sive force with which the stent 92 presses the tube 90 against
the interior of the truck 14. Preferably a substantially region
of surface-to-surface engagement will result between the
coextensive circumferential band 37 of graft material 22 of
the trunk 14 with the external engaged surface of the upper
end of the tubular graft 90.

Depending on the configuration at the lower end of one or
more of the modules, it may be desirable to provide a
delivery device modified somewhat from that described in
European published application No. EP 0 701 800 Al,
particularly with the manner in which the lower (trailing)
end of the module is held. As shown in FIGS. 22-24, the
modified delivery device includes an arrangement of an
outer flexible tube 96 that defines a slightly enlarged diam-
eter sheath 98 at its distal end. Disposed coaxially within the
outer tube 96 is an intermediate tube 100 that is slidably
longitudinally within the outer tube 98 and has a distally
opening cup 102 at its distal end. A metal inner tube 104 is
disposed coaxially within the intermediate tube 100 for
longitudinal movement with respect to the intermediate tube
100. The inner tube has an enlarged member 106 attached at
a location that the member 106 can be disposed within the
cup 102 (FIG. 23) or extended distally beyond and out of the
cup 102 (FIG. 24). The cross-sectional dimensions of the
member 106 and the inner surface of the cup 102 are such
that when brought together they can cooperate to wedge the
trailing end of a radially contracted endovascular modular
component such as a leg extension 16, 18 between the
member 106 and the cup. As illustrated diagrammatically in
FIG. 23, the trailing end of the leg extension 16 is securely
gripped in the generally annular space between the member
106 and the cup 102. The grip should be secure to assure that
the trailing end of the endoprosthesis will not be released
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inadvertently so that the endoprosthesis can be recaptured,
should that be desired. FIG. 23 illustrates the relative
configuration of the components after the outer tube 96 has
been withdrawn sufficiently to withdraw the sheath 98 to
project the gripped, trailing end of the endoprosthesis 16 out
of the sheath. When the physician is satisfied that the
endoprosthesis 16 has been placed as desired, the interme-
diate and inner tubes 100, 104 can be moved relative to each
other to release the endoprosthesis 16 so that the endopros-
thesis can expand (FIG. 24).

The position of the tubes 96, 100, 104 may be controlled
by conventional lockable fittings at the proximal end of the
device. As shown in FIG. 22 a fitting 108 is attached to the
proximal end of the tubular shaft 96. The intermediate tube
100 extends through the fitting 108 and itself has a fitting
110 at its proximal end. The inner tube 104 extends through
the fitting 1 10 and has another fitting 112 attached to its
proximal end. The fitting 112 is constructed to enable a
guidewire (not shown) to be inserted through the lumen of
the inner tube 104.

FIGS. 25A-25F illustrate, diagrammatically one
sequence of the operations by which the modular endopro-
thesis may be deployed. FIG. 25A illustrates,
diagrammatically, a portion of a patient’s abdominal aorta 2
and several branch vessels, including the renal arteries 6 and
iliac arteries 8. The aneurysm 12 is illustrated as having
extended into and beyond the bifurcation 10, to include a
portion of the iliac arteries 8. FIG. 25A illustrates an access
opening 82 formed in one of the iliac arteries 8. The access
opening 82 may be formed percutaneously or in a surgical
cut-down technique. Typically, an introducer sheath (not
shown) will be placed through the opening 82 to receive the
various instruments and permit their manipulation without
subjecting the patient to excessive trauma. FIG. 25A illus-
trates the patient anatomy with a guidewire 84 having been
placed to extend upwardly to and through a region of healthy
aortic tissue 3 above the aneurysm 12. With the guidewire 84
in place, the delivery device, which includes a guidewire
lumen, is advanced over the guidewire 84 until the pod 19
at the distal end of the sheath 17, which contains the trunk
14 in a low profile, contracted configuration, is located at the
intended placement site. When the physician is satisfied that
the pod 19 and trunk 14 are at the desired location (FIG.
25B), the delivery catheter 15 is manipulated to maintain the
position of the trunk 14 relative the patient’s vasculature,
while withdrawing the sheath 17 and pod 19, as indicated by
the arrow 85 in FIG. 25C. The desired position of the trunk
14, before deployment, is such that the anchor 38, including
its hooks 48 and detents 70, will be disposed within healthy
tissue capable of firmly supporting the upper end of the trunk
14. As suggested in FIG. 25C, as the sheath 19 is withdrawn,
the trunk 14 is progressively exposed to enable the anchor 38
to expand the endoprothesis toward an expanded diameter so
that it will firmly and securely engage the region 3 of healthy
aortic tissue above the aneurysm 12.

Should it be necessary reposition or withdraw the trunk
14, even after its anchor 38 has engaged the healthy tissue
3, that can be accomplished at any time before complete
release by simply readvancing the sheath and pod 19
upwardly over the trunk 14. As the rim of the sheath 19
engages the transverse extensions, the hooks 48 and detents
70 are retracted radially inwardly within the circumference
of the rim of the pod 19 so that further advancement of the
pod will fully enclose the hooks 48 and detents 70 in the
manner suggested in FIG. 10. After the physician is satisfied
that the device is in the desired positioned and orientation,
the delivery catheter is manipulated to release the trailing
end of the trunk 14.
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FIG. 26D illustrates the configuration of the trunk 14 after
it has been released. In this configuration the trunk 14 is
attached to the healthy aortic tissue only by the anchor 34.
The lower end of the trunk 14, including the lower ends of
the bifurcated tubes 28, 30 depend downwardly but without
support of engagement with any part of the body lumen. The
construction of the trunk is such that it has sufficient
longitudinal stiffness and the open lower ends are supported
by the stent 40 so that it has sufficient rigidity to be self
supporting and readiness to receive leg extensions 16,18.
After the trunk 14 has been deployed the delivery device is
removed from the patient. In one method of deployment, the
guidewire 84 may remain in place in order to serve as a
guide for delivery device for one of the leg extensions 16,
18.

From foregoing it will be appreciated the trunk 14 serves
as a first, securely placed component of the endovascular
prosthesis. The trunk 14 is configured to present a stable pair
of targets in the form the open lower ends of the branch tubes
28, 30 in order to facilitate advancement of the leg exten-
sions into the branch tubes 28, 30. The frame associated with
the trunk 14 provides a firm stable shape for the trunk 14 that
will be unaffected by engagement of the delivery device for
the leg extensions. The trunk 14 provides continuous wide
inlet openings to receive the upper, leading ends of the leg
extensions 16, 18. The lower openings of the branch tubes
28, 30 may be provided with radiopaque markers, as in the
form of rings 29 or the like by which the entry openings of
the branch tubes 26, 28 can be visualized fluoroscopically.

The placement of the leg extensions 16, 18 may be
performed in essentially the same manner as the placement
of the trunk 14, that is, by a catheter-like delivery device
adapted to contain a leg extension in a low profile
configuration, in readiness for expansion when released.
After the trunk 14 as been placed, a delivery device is loaded
with one of the leg extensions 16, 18. The delivery device
then can be advanced over the initially placed guidewire 84
until its leading, upper end is disposed, as desired, within the
trunk 14. As shown in FIGS. 17 and 18 the leg extension
may be advanced into a receptive of the branch tubes 28, 30
to dispose the upper end of the inserted leg extension beyond
the stent 40 and into the intermediate 37 between the stent
and anchor. As described, the surface characteristics of the
outside of the tube 90 and the interior of the trunk, including
the internal surfaces of the graft material 22 should be
selected so that a secure and sealed connection will be
formed when the tube 90 is in its expanded configuration,
connected to the trunk 14. When the leg extension is so
placed, the sheath and pod of the delivery device 15 are
withdrawn to enable the leg extension to expand and with
it’s upper portion and secure overlapped engagement with
the trunk 14. As the sheath and pod are progressively
withdrawn the exposed portion of the stent can expand to it’s
expanded diameter. The length and diameters of the leg
extension are selected so that the upper end will securely
engage the trunk and the lower end will expand into firm
engagement with healthy tissue of the iliac artery 8, below
the aneurysm 12. Presently preferred embodiment, the lower
of the leg extensions include the downwardly and radially
outwardly extended projections adapted to engage healthy
tissue of the iliac arteries. When the delivery device has been
withdrawn, the projections will remain in engagement with
healthy iliac artery tissue.

The in vivo construction of the bifurcated graft then can
be completed by placing another guide wire 86 in the other
iliac artery and advancing it upwardly through the other of
the bifurcated tubes 28, 30. The delivery device, loaded with
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the other leg extension than can be advanced in the same
manner as the first leg extension and deployed in the same
manner. FIG. 26E illustrates the withdrawal of the delivery
device as the other leg extension expands progressively.
FIG. 26F illustrates the bifurcated endoprothesis, con-
structed in modular fashion after removal of the guide wires
and delivery devices.

FIGS. 26D-26F illustrate a modified procedure for plac-
ing the modular endoprosthesis. The modified procedure
begins the same as that described above in connection with
FIGS. 26A-26C. The next step, of delivering and deploying
one of the leg extensions 16, 18, is substantially similar in
this modified procedure except that instead of directing the
guidewire and delivery device into the bifurcated branch of
the trunk on the same side as the iliac artery that was
accessed, the delivery device is directed to the branch tube
30 on the opposite side. By so doing, the placement of the
initial guidewire and the delivery device is facilitated in that
the branch tube 30 on the opposite side can be expected to
be more directly in line with the iliac artery through which
the device was placed. FIG. 26D illustrates the first of the
two leg extensions having been so cross-placed. FIG. 26E
illustrates the system after the leg extension has been
attached to the trunk and the delivery device has been
withdrawn, leaving one of the leg extensions in place
connecting the trunk and its associated iliac artery. FIG. 26F
illustrates the similar placement of the other leg extension,
showing the delivery device having partially deployed the
leg extension in the other of the branch tubes. FIG. 26F
illustrates that the cross-placement results in the devices
being crossed within the aneurysmal region. FIG. 26G
illustrates the configuration after the second of the leg
extensions has been fully deployed to directly connect its
associated branch tube of the trunk with its associated iliac
artery. It should be understood that variations of this modi-
fied procedure may be employed. For example, it may be
desirable to first deploy both guidewires G1, G2 in a
cross-configuration. Then, with the guidewires in place, the
delivery devices may be advanced over the guidewires and
the module deployed.

FIG. 27 illustrates, diagrammatically, the manner in
which the modified trunk shown in FIG. 19 may be used in
the practice of the invention. The placement and deployment
of the trunk itself as well as the leg extensions is essentially
identical to the modes described above. The addition of the
lower segment 27, however, provides a larger tubular target
for the guidewires, illustrated diagrammatically as G1 and
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G2. The physician may find it easier to place the guidewire
within the larger diameter lower extension than if the target
were the smaller diameters as defined by the branch tubes
28, 30. The distal ends of the guidewires typically will be
provided with an atraumatic J-shape. Use of the cross-over
technique described above in connection with FIGS.
27D-27G may be employed, as shown.

It should be understood that the foregoing description of
the invention is intended merely to be illustrative thereof and
other embodiments, modifications and equivalents will be
apparent to those skilled in the art without the departing
from the principles of the invention.

Having thus described the invention what we desire to
claim and secure by Letters Patent is:

1. An apparatus for delivering and deploying a radially
expandable tubular implant within a body vessel compris-
ing:

a tubular sheath for maintaining the radially expandable
tubular implant in a radially contracted configuration,
the sheath having a proximal end and a distal end and
being open at its distal end and axially movable relative
to the implant;

a gripping device disposed within and movable longitu-
dinally of the sheath, the gripping device being con-
structed to releasably grip the trailing end of the
implant;

the gripping device further comprising a cup having a
distally facing open end adapted to receive the trailing
end of the implant and a gripping member movably
mounted with respect to the cup between a gripping
position in which the gripping member is withdrawn
into the cup to define an annular space between its
periphery and the interior of the cup and a release
position in which the gripping member is disposed out
of the cup;

the annular space being sufficiently narrow to enable the
trailing end of the implant to be securely wedged
between the gripping member and the cup when the
gripping member and cup are in the gripping position;

wherein the gripping member is axially movable with
respect to the implant by axial remote movement of an
inner member attached to the gripping member such
that the implant is released from its wedged securement
in the annular space.
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