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Description

FIELD

[0001] This application relates to methods, systems,
and apparatuses for safely replacing native heart valves
and aorta with prosthetic heart valves and conduits.

BACKGROUND

[0002] Prosthetic heart valves have been used for
many years to treat cardiac valvular disorders. The native
heart valves (such as the aortic, pulmonary, tricuspid and
mitral valves) serve critical functions in assuring the for-
ward flow of an adequate supply of blood through the
cardiovascular system. These heart valves can be ren-
dered less effective by congenital, inflammatory, or in-
fectious conditions. Such conditions can eventually lead
to serious cardiovascular compromise or death. For
many years, the definitive treatment for such disorders
was the surgical repair or replacement of the valve during
open heart surgery.
[0003] More recently, a transvascular technique has
been developed for introducing and implanting a pros-
thetic heart valve using a flexible catheter in a manner
that is less invasive than open heart surgery. In this tech-
nique, a prosthetic valve is mounted in a crimped state
on the end portion of a flexible catheter and advanced
through a blood vessel of the patient until the valve reach-
es the implantation site. The valve at the catheter tip is
then expanded to its functional size at the site of the de-
fective native valve, such as by inflating a balloon on
which the valve is mounted.
[0004] Alternatively, the valve can have a resilient, self-
expanding stent or frame that expands the valve to its
functional size when it is advanced from a delivery sheath
at the distal end of the catheter.
[0005] Balloon-expandable valves are commonly used
for treating heart valve stenosis, a condition in which the
leaflets of a valve (e.g., an aortic valve) become hardened
with calcium. The hardened leaflets provide a good sup-
port structure on which the valve can be anchored within
the valve annulus. Further, the catheter balloon can apply
sufficient expanding force to anchor the frame of the pros-
thetic valve to the surrounding calcified tissue.
[0006] WO 2006/004679 A1 discloses a prosthetic
valve for replacing a cardiac valve that includes an ex-
pandable support member and at least two valve leaflets
made of a first layer of biological material selected from
peritoneal tissue, pleural tissue or pericardial tissue. A
second layer of biological material is attached to the sup-
port member. The second layer is also made from peri-
toneal tissue, pleural tissue or pericardial tissue. The sec-
ond layer includes a radially inwardly facing surface that
defines a conduit for directing blood flow. The valve leaf-
lets extend across the conduit to permit unidirectional
flow of blood through the conduit. Methods for making
and implanting the prosthetic valve are also provided.

[0007] US 2009/0171456 A1 discloses devices, sys-
tems, and methods which are provided to treat diseased
cardiac valves. The device includes a percutaneous
heart valve having an expandable valve frame including
valve frame members, a valve leaflet coupled to the valve
frame, and an expandable stent anchoring frame coupled
to the valve frame including stent frame members defin-
ing a first portion and a second portion having greater
flexibility than the first portion, where the first portion and
the valve frame define a length, and where the stent
frame members and the valve frame members along the
length provide a contiguous surface over which a delivery
device can repeatedly slide over the length in its entirety
in two longitudinal directions when the first portion and
the valve frame are in a partially expanded state during
delivery from the delivery device.
[0008] US 2002/0177891 A1 discloses an endovascu-
lar device that is configured to elastically expand to a first
outer diameter, plastically deform to a second outer di-
ameter, and retain a third outer diameter that is greater
than about 90% of the second outer diameter after a de-
vice that has been utilized to deform the endovascular
device to the second outer diameter has been removed
from the endovascular device. A method of fabricating
the endovascular device includes aging the endovascu-
lar device at about 485° C for about 120 minutes.
[0009] US 2007/0227544 A1 discloses an intracorpor-
eal occluding device having elements with non-traumatic
ends and devices, systems and methods for occluding
the lumens of anatomical passageways and/or for deliv-
ering drugs or other substances to the bodies of human
or animal subjects.
[0010] US 2012/0179086 A1 discloses an implant that
includes a protrusion with an open or rounded loop (or
open head) connected to a collapsible anchor. The pro-
trusion may include a straight length of wire or a helical
length wire, with one or more wire loops at the end of the
length forming the loop. Upon deployment within the gas-
trointestinal tract, the protrusion expands from a col-
lapsed state, alongside the anchor, to a relaxed state, in
which the protrusion extends outward from the anchor.
As the protrusion expands to its relaxed state, it pushes
the loop into the wall of the duodenum, causing the loop
to penetrate the duodenal wall. A pocket of scar tissue
forms about the head and possibly through an opening
in the head, securing the anchor within the duodenum.
The implant may also include a thin-walled sleeve that
is coupled to the anchor and extended from the anchor
into the intestine.
[0011] WO 2013/116785 A1 discloses a prosthetic
valve assembly that includes a stent, a tissue sleeve and
an anchoring mechanism. By loading the three compo-
nents of the valve assembly into a delivery catheter in a
series formation, such that no two components are lo-
cated within each other, the size of the delivery catheter
can be reduced.
[0012] Often, heart valve problems, such as calcifica-
tion, are associated with other heart problems such as
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aortic aneurysms. Although the delivery techniques de-
scribed above address heart valve deficiencies to some
extent, less invasive approaches to other heart problems
are also desired. It would be particularly advantageous
to be able to address both valve and aorta problems with
a minimally invasive approach.

SUMMARY

[0013] A medical device for use in a heart having a
native heart valve and a vessel extending therefrom is
disclosed. The medical device includes a balloon-ex-
pandable conduit and a prosthetic valve. The delivery
system includes a catheter having a balloon that is dis-
posed inside the balloon-expandable conduit. The pros-
thetic valve is coupled to an end of the balloon expand-
able conduit. The prosthetic valve includes a self-ex-
pandable material configured to expand in a radially out-
ward direction to frictionally engage at least a portion of
the native heart valve. The frictional engagement pre-
vents axial movement of the prosthetic heart valve and
the balloon-expandable conduit relative to the native
heart valve.
[0014] The balloon-expandable conduit may include a
balloon-expandable tubular frame and a sleeve extend-
ing along and against the balloon-expandable frame. The
self-expandable material may include a self-expandable
tubular frame. The prosthetic valve may include valve
leaflets supported within the self-expandable tubular
frame. The balloon-expandable tubular frame and self-
expandable tubular frame may be contiguously formed
of a nitinol alloy. The self-expandable tubular frame may
have an expanded memory shape.
[0015] The prosthetic valve may include an annular
ring of woven material coupling the valve leaflets to the
self-expandable tubular frame.
[0016] The sleeve may be formed of a bioprosthetic
tissue. For example, the bioprosthetic tissue may include
a bovine pericardium, a porcine pericardium or an allo-
genic or autogenic collagen matrix tissue. The biopros-
thetic tissue sleeve may be glycerolized to facilitate dry
storage.
[0017] The sleeve may also include a coating, such as
a polymer or gel coating.
[0018] The medical device may also include a retract-
able sheath that defines an interior portion. The retract-
able sheath holds the prosthetic valve in a radially com-
pressed configuration. The retractable sheath may in-
clude one or more radiopaque markers on its outer sur-
face.
[0019] The balloon expandable material may be a plas-
tically deformable metal material such as a stainless steel
or nitinol.
[0020] Also included in the medical device may be one
or more anchors. The anchors are coupled to and extend
radially from an outer surface of the medical device. For
example, the anchors may be supported by the balloon-
expandable conduit or the self-expandable prosthetic

valve. The anchors may include structure that facilitates
tissue ingrowth, such as beads, dimples or fenestrations.
The anchors may circumferentially spaced about the out-
er surface of the medical device.
[0021] A method not part of the invention includes de-
livering a balloon-expandable conduit coupled to a self-
expandable prosthetic heart valve into a vessel extending
from a native heart valve. Also, the self-expandable pros-
thetic heart valve is delivered into the native heart valve.
The method also includes inflating a balloon disposed
within the balloon-expandable conduit such that an outer
surface of the balloon expandable conduit is urged to-
ward the vessel. The self-expandable prosthetic heart
valve is expanded within or near the native heart valve
by axially moving a retractable sheath.
[0022] The delivering method may also include engag-
ing the vessel or native heart valve with anchors coupled
to the conduit or prosthetic heart valve.
[0023] A method according to the invention of assem-
bling a medical device includes coupling a self-expand-
able prosthetic heart valve adjacent a balloon-expanda-
ble conduit. Also, the method includes disposing a bal-
loon and balloon catheter within an interior portion of the
balloon-expandable conduit. The method further in-
cludes compressing the balloon-expandable conduit and
the self-expandable prosthetic valve radially inwardly.
The method also includes disposing at least the self-ex-
pandable prosthetic valve into an interior portion of a re-
tractable sheath.
[0024] Coupling the self-expandable prosthetic heart
valve adjacent the balloon-expandable conduit may in-
clude forming a contiguous frame, coupling a biopros-
thetic sleeve to at least one end of the frame and valve
leaflets to the other end of the frame. The other end of
the frame is then formed to have an expanded memory
shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a perspective view of a medical device in-
cluding transapical delivery of a coupled conduit and
valve with the conduit being balloon expanded into
an aorta;
FIG. 2 is a partial sectional view showing a biopros-
thetic sleeve extending over a stent frame holding
an expandable tissue valve;
FIG. 3 is a sectional view of a delivery catheter hold-
ing a coupled balloon-expandable conduit and self-
expanding valve;
FIG. 4 is a perspective view of the medical device of
FIG. 1 with the valve self-expanding into frictional
engagement with a native heart valve to anchor the
coupled conduit; and
FIGS. 5-8 are enlarged schematics of various an-
chors that can be coupled to outer surfaces of the
medical device for improved anchoring into native
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tissues.

DETAILED DESCRIPTION

[0026] Implementations of the present disclosure now
will be described more fully hereinafter. The invention
relates to a medical device and a method of assembling
the medical device and is defined by the appended
claims.
[0027] As used in the specification, and in the append-
ed claims, the singular forms "a", "an", "the", include plu-
ral referents unless the context clearly dictates otherwise.
The term "comprising" and variations thereof as used
herein is used synonymously with the term "including"
and variations thereof and are open, nonlimiting terms.
[0028] The inventor has observed a need for improved
methods, systems, and apparatuses for delivering ex-
pandable prosthetic heart valves and conduits in a min-
imally invasive manner with a delivery device having a
smaller diameter. The inventor has further recognized
that trans-valvular technologies provide opportunities to
repair aortic pathologies, such as in the thoracic aorta or
aortic arch. Conduits to supplement or replace the aorta
may be delivered through minimally invasive routes, such
as transapical or transvalvular routes.
[0029] The methods and devices described below may
be used to replace native heart valves that have calcified
leaflets associated with aortic stenosis and, at the same
time, to repair defects in the aortic arch or thoracic aorta.
Furthermore, the methods and devices desirably enable
precise and controlled simultaneous delivery of the pros-
thetic valve and the conduit.
[0030] Disclosed below are representative embodi-
ments of a medical device that can be secured within a
native heart valve. For illustrative purposes, embodi-
ments of the medical device are described as being de-
livered to the aortic valve and associated aorta. It should
be understood that the disclosed medical device may be
configured for use with other heart valves that have as-
sociated conduits.
[0031] Also, a range of aortic pathologies may be ad-
dressed, such as aortic or thoracic aneurysms, aorta ste-
nosis, or aorta/thoracic dilatation.
[0032] As shown in FIG. 1, a medical device 10 in-
cludes an expandable conduit 12, a prosthetic heart valve
14 and a delivery device 16, including a balloon catheter
40. The expandable conduit 12 may include one or more
inner or outer sleeves 18 supported by a frame or stent
20. The sleeve(s) 18 may be a bioprosthetic tissue
wrapped, molded or sewn about the frame or stent 20.
Coupled to an end of the expandable conduit is the pros-
thetic heart valve 14. For example, the prosthetic heart
valve may include a portion of the frame 20 with soft
tissue valve leaflets 22 sewn therein. As shown in FIG.
3, the conduit 12 and heart valve 14 may be crimped on
the balloon catheter 40 for percutaneous deployment, or
some other minimally invasive deployment approach,
such as a transaortic or transapical approach.

[0033] Advantageously, the frame or stent 20 may be
constructed of a balloon-expandable material for the con-
duit 12 portion and a self-expandable material for the
prosthetic heart valve 14 portion. As shown in FIG. 2, this
allows the prosthetic heart valve 14 to first be anchored
precisely at the native heart valve 24 and then, as shown
in FIG. 1, the conduit 12 expanded into place to protect
the ascending aorta 26.
[0034] Also advantageously, the self-expanding na-
ture of the prosthetic heart valve 14 allows it to be mount-
ed over a portion of the balloon catheter 40 that does not
have a balloon 28. This provides for a lower diameter
and easier delivery.
[0035] The device 10, including the conduit 12, pros-
thetic heart valve 14 and delivery device 16 can have
multiple sizes accommodating biological variation in pa-
tient valve and aorta anatomy.
[0036] The frame or stent 20, as shown in FIGS. 1-4,
may be comprised of a plurality of struts 30 that are in-
terconnected to provide a lattice configuration with closed
cells. The frame 20 may be comprised of a range of ma-
terials, including metals and plastics. For example, the
frame may be comprised of a shape memory metal, such
as a stainless steel or nitinol (nickel-titanium) alloy. Nitinol
has the advantage of being able to withstand large strains
and other deformations. Forming the struts 30 for metal
frames 20 may include, for example, laser-cutting a niti-
nol or stainless steel stock tube to form the holes between
the struts.
[0037] The frame 20 may be constructed in parts of
the same or different materials and later welded, sewn
or otherwise bonded together. For example, the balloon
expandable portion of the stent 20 that makes up the
conduit 12 may be constructed of a biocompatible stain-
less steel material cut from a stainless steel tube as de-
scribed above. The lattice frame 20 formed from the stain-
less steel may then be mounted (with or without some
initial expansion) over the balloon 28 for later plastic de-
formation by the balloon into the expanded shape.
[0038] The prosthetic heart valve 14 portion of the stent
20 may be constructed of nitinol, expanded into a de-
ployed shape by a balloon and then heat treated to have
an expanded memory configuration. This expanded
memory configuration is assumed upon deployment from
the delivery device 16, i.e., when a retractable outer
sleeve or sheath 32 of the delivery device (as shown in
FIG. 3) is withdrawn. After formation, both portions of the
stent frame 20 may then be attached to each other by
bonding, welding or having adjacent ends sewn to each
other using the holes defined by the struts 30.
[0039] A particularly elegant solution (as shown in the
figures herein) is to cut the entire frame or stent 20 out
of a single tube of nitinol and then subject the nitinol to
different treatments to selectively train axial portions for
mixed expansion. For example, the cut nitinol tube may
be partially expanded and heat treated at the prosthetic
valve end to have an expanded memory shape. The re-
mainder of the frame or stent 20 could be maintained in
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a cooled condition to avoid imprinting a memory shape
or the memory shape may be the compressed condition.
This compressed condition is then overcome by large
plastic deformations from later expansion of the balloon
28. Advantageously, forming the stent 20 using differen-
tial techniques but the same monolithic materials avoids
the need for later attachment, provides for a continuity
of struts, improved structural integrity, etc.
[0040] As another alternative, the stent 20 may be en-
tirely balloon expanded or entirely self-expanding. If en-
tirely balloon expanded, a longer or larger balloon 28 may
be used for simultaneous expansion of the entire conduit
and valve combination. However, the combination of bal-
loon and self expanding has particular advantages as
described elsewhere herein.
[0041] The sleeve 18, as shown in FIGS 1 and 4, may
extend within an inner surface of the frame 20 so as to
protect the struts 30 of the frame from adhesions, clotting
and other issues occurring from interaction with the blood
flowing through the device 10. Alternatively, or in addi-
tion, the sleeve 18 may extend over the outside of the
frame 20 or struts 30 so as to provide a surface on which
to adhere to or fill the space between the frame and the
surrounding native tissues of the aorta or valve of the
heart. The sleeve 18 may also extend over both the inner
and outer surfaces of the stent or frame 20.
[0042] Regardless of which surfaces it covers, the
sleeve 18 is configured to provide a structure that helps
to deflect and guide high pressure blood flow through the
insufficient or compressed heart valve and the aneuris-
mal aorta. Advantageously, the sleeve 18 and/or under-
lying frame 20 may have strategically placed openings,
such as at the various branch vessels of the aorta (carotid
or coronary arteries) to ensure perfusion of the heart and
branch vessels.
[0043] The sleeve 18 may be constructed of a range
of biological and/or synthetic materials and be applied or
attached to the frame 20 in different ways. The sleeve
may include, for example, bioprosthetic tissues such as
bovine pericardium, porcine pericardium, or an allogenic
and/or autogenic collagen matrix tissue. Bioprosthetic
materials could be treated to withstand age and the en-
vironment, such as by being glycerolized to enable dry
storage and improve lubrication. The bioprosthetic tissue
could also be stored in glutaraldehyde.
[0044] As another option, polymers and gels (biologi-
cal or synthetic) may be used for the sleeve 18. Non-
biological polymers may be used for a solid polymer
sleeve 18 or covering, such as silicone or polyurethane.
The non-biological polymers may also include PET, PT-
FE or polyester films. Plant or animal derived collagen
gels are an example of biological polymers or gels. Gels
would generally be applied to some type of a substrate,
such as an absorbable polymer substrate, a woven pol-
yester, or bovine collagen matrix.
[0045] The sleeve 18 may also (optionally) be com-
posed of a known graft material for treating aortic aneu-
rysms, such as Dacron or PTFE cloth.

[0046] The sleeve 18 could also include combinations
of some of the aforementioned materials. For example,
the Dacron or PTFE cloth could be coated with the pol-
ymer or gel.
[0047] The different material types may be attached in
different ways. For example, the sleeve 18, if comprised
of a gel or polymer, may be applied as coating or as a
molding or extrusion onto the surfaces of the frame 20.
This facilitates a bonding attachment along a large por-
tion of the surfaces of the frame 20, with some material
extending into the holes defined between the struts 30.
[0048] The sleeve 18 may also be partially or wholly
applied mechanically, such as by wrapping or sewing
onto the frame 20. For example, a cloth of the sleeve 18
could be formed into a tube around the frame 20 by use
of a longitudinal stitch to attach long edges of a rectan-
gular, flat material. The same longitudinal stitch could
extend between the struts 30 to anchor the sleeve 18 to
the stent 20.
[0049] As another option, the cloth (Dacron or PTFE)
sleeve 18 may have additional layers applied to it such
as an outer or inner coating or layer of gel or polymer.
The gel or polymer could be applied as a coating, molding
or extrusion onto the cloth (before or after the cloth’s at-
tachment) to form the multiple layered sleeve 18.
[0050] The sleeve 18 may also optionally extend over
the (and be considered part of) the prosthetic heart valve
14, as shown in FIGS. 2 and 3. Or, the sleeve 18 may
terminate prior to reaching the axial end of the heart valve
14, a shown in FIGS. 1 and 4, even leaving a gap therein
to facilitate blood flow to the coronary arteries extending
from the aorta near the aortic valve root.
[0051] As shown in the cross-section of FIG. 3 and in
FIG 2, the prosthetic heart valve 14 includes an axial
portion of the stent 20, soft tissue valve leaflets 22, a ring
34 and a plurality of stitches 36.
[0052] As described above, the portion of the stent 20
(or its own frame or stent if separately formed and at-
tached) used to support the valve is a self-expanding
material such as nitinol alloy with an expanded memory
shape. A free end 38 of the stent 20 may terminate in a
flared, crenellated memory configuration when deployed
at the native heart valve 24, as shown in FIGS. 1 and 4.
It takes this shape, for example, because there is no sur-
rounding native tissue to constrain it from assuming the
fully open memory shape. The flared shape may advan-
tageously avoid interfering with blood flow from the heart.
[0053] Also advantageously, the expanded portion of
the stent 20 exerts a radially outward force. Thus, the
expanded stent 20 frictionally engages at least a portion
of the native aortic valve 24. This substantially prevents
axial movement of the prosthetic valve 14 and the bal-
loon-expandable conduit 12 relative to the aortic valve
24.
[0054] The ring 34 extends around an outside (as
shown in FIG. 2) or inside (as shown in FIG. 1) (or both)
of the stent 20 and provides a structure for attachment
and support of the valve leaflets 22. The ring 34 may be
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constructed of a polymer, tightly woven cloth material,
such as a PET fabric or a PTFE fabric. Sutures or stitches
36 may be used to attach the cloth material ring 34 to the
stent frame 20 by extending through the cloth material,
over the stent frame on inside and outside surfaces and
through the stent openings, as shown in FIG. 3. Addition-
ally, the stitches 36 may attach the stent frame 20 and
cloth ring 34 to the sleeve 18, whether the sleeve extends
over the inside and/or outside surfaces of the stent frame.
[0055] The valve leaflets 22 are preferably constructed
of a soft, pliable material such as thin bioprosthetic ma-
terial, such as bovine pericardium. The valve leaflets are
sewn, bonded or otherwise attached to the cloth ring 34
around its inside surface to form a one-way tricuspid
valve structure. In this manner, with the attachments de-
scribed above, the valve leaflets 22 are firmly anchored
to the cloth ring 34 which is attached via stitches 36 or
other means to the frame 20 and the sleeve 18. This
prosthetic heart valve 14 construction then, as described
herein, serves as the anchor for the remaining medical
device 10 and for the conduit 12.
[0056] The stitches 36 may be constructed of a heavy
suture material for a firm interconnection of the above-
listed components. Various stitches are shown herein
including long axially-directed loops (FIG. 2) that extend
over ends of the ring 34. Or, as shown in FIG. 4, alter-
nating zig-zag stitches may pierce and extend through
the ring 34. Generally, the stitching pattern may be adapt-
ed to suit the thickness of the material layers, geometry
of the stent and other variations described herein.
[0057] The delivery device 16, as shown in FIG. 3,
shows the assembled medical device 10 ready for deliv-
ery of the conduit 12 and valve 14. The delivery device
16 includes the retractable outer sheath 32 and the bal-
loon catheter 40 mounted within a central lumen of the
outer sheath. The balloon catheter 40 includes a guide
wire 42, an inflation catheter 44 and the balloon 28.
[0058] The guide wire 42 is a semi-flexible wire that is
placed through the skin and up through the aortic valve
24 and into the ascending aorta in a transapical ap-
proach, as shown in FIG 4. Conversely, the guide wire
42 may use a transfemoral approach by extending up
the femoral artery and down the aortic arch through the
aortic valve 24. Alternative approaches may also be
used, including a more direct transaortic approach. Var-
ious approaches may or may not use a guide wire 42.
Placement of the guide wire 42 may also use various
devices such as an obturator to define gradually increas-
ing diameter access holes, such as a transapical access
hole.
[0059] The inflation catheter 44 defines a central lumen
46 by which it can be sleeved over the guide wire 42 once
the guide wire is in place. The inflation catheter also in-
cludes an inflation lumen 48 which terminates within the
walls of the balloon 28 mounted on the inflation catheter
44. At the proximal operator end, it may be attached to
a gas or fluid supply for inflation of the balloon 28 during
the deployment procedure. Construction and use of a

balloon inflation catheter are well known to those of or-
dinary skill in the art.
[0060] The balloon 28, as shown in FIGS. 1 and 3,
includes a balloon wall 50 that is configured to form a
toroid cylinder shape extending along an axial portion of
the inflation catheter 44. The balloon wall in FIG. 3 is
crimped against the inflation catheter 44 and extends un-
der the conduit 12 but stops short of the prosthetic heart
valve 14. The balloon 28 may be directly beneath the
frame 20 in some embodiments or may be under the
sleeve 18 when the sleeve extends inside the frame in
other embodiments, or in some combination of both.
[0061] The outer sheath 32 is another elongate, flexible
tube that is configured to hold the expandable conduit 12
and the heart valve 14 in the crimped condition, as shown
in FIG. 3. The prosthetic heart valve 14 extends around
and is crimped onto the inflation catheter 44 not support-
ing the balloon 28. The expandable conduit 12 is crimped
over the portion supporting the balloon 28. The lack of
the intervening balloon 28 allows the leaflets 22 of the
prosthetic heart valve to be compressed directly on the
inflation catheter. This allows for a more uniform, smaller
diameter of the medical device 10 in its crimped config-
uration. Smaller diameter delivery allows for use of the
device 10 with a wider range of patients and less invasive
procedures.
[0062] In the crimped condition, the soft tissue of the
bioprosthetic sleeve 18 is notably bunched or crimped
along the length of the delivery device 16. The soft tissue
is then smoothed out during inflation and plastic defor-
mation of the supporting frame or stent 20. Similarly, the
valve leaflets 22 unfold or uncrimp, although under self-
expansion by the shape memory effect of the supporting
portion of the stent 20.
[0063] Also notable, is that the approach used for de-
livery may dictate whether the prosthetic heart valve is
near the distal end of the outer sheath 32, such as for a
transfemoral approach, or may be on a more proximal
end (relative to the expandable conduit 12) of the outer
sleeve (as shown in FIGS. 1 and 4) for the transapical
approach.
[0064] Also, the delivery device 16 may include the use
of radiopaque markers for targeting an aneurysm or the
dilated portion of the diseased aorta or other vessel for
easier implantation. Flush valves may also be included
in the delivery device 16.
[0065] In addition, the retractable outer sheath 32 may
include one or more radiopaque markers 64 supported
on an outer surface of the sheath, as shown in FIG. 1.
These markers 64 are designed to help position the de-
livery system and can be used to specifically position the
system to target an aneurysm or dilated portion of a dis-
eased vessel.
[0066] The medical device 10 may have additional fea-
tures to facilitate its anchoring and later incorporation (by
healing) into the surrounding tissue. For example, addi-
tional cloth PET portions could be used at the opposing
ends extending around the outer frame 20 or sleeve 18.
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[0067] The medical device 10 may also be stabilized
by a plurality of metal anchors 52, as shown in FIGS. 1
and 4. The anchors 52 may extend radially about 2 mm
to about 4 mm from the outer surface of the conduit 12
and/or the prosthetic heart valve 14. In addition, the an-
chors 52 may be circumferentially spaced apart along
the length of the expandable conduit 12 or heart valve
14. In other embodiments, one or more anchors 52 may
be defined on the frame or stent 20. Or the anchors may
extend from the bioprosthetic sleeve 18.
[0068] The anchors may be constructed of a range of
biocompatible materials, such as stainless steel, Nitinol
or polymeric materials.
[0069] FIGS. 5-8 illustrate various embodiments of the
anchors 52. As shown in FIG. 5, the anchor 52 includes
a base 54 topped by an irritation bead 56 defining a dim-
ple 58. The base 54 is attached to the stent frame 20 (as
shown) or directly to the sleeve 18. The irritation bead
56 is a spherical structure formed on or bonded to the
base 54. It functions to irritate the surrounding tissue and
induce a growth response to help anchor the conduit 12.
The dimple 58 is a small golf-ball-like recess that further
enhances irritation and tissue ingrowth.
[0070] As shown in FIG. 6, the anchors 52 may include
a base 54 that supports a discrete field of fenestrations
60 that extend radially outward. The fenestrations 60 are
configured to frictionally engage tissue of the native ves-
sel. These fenestrations, for example, may be formed as
a knurled crisscross patterns of pyramidal structures by
cold rolling the metal from which the anchors 52 are cut.
[0071] As shown in FIGS. 7 and 8, the anchors 52 may
include a base 54 that supports a disc-shaped protrusion
62. The disc shape has a top surface that extends in the
axial direction of the underlying frame 20. The diameter
of the disc protrusion 62 is larger than the supporting
base 54. This shape facilitates its anchoring on the tissue
walls. The tissue becomes lodged under the disc 62, be-
tween it and the base 54 or underlying conduit 12.
[0072] In another embodiment, each of the anchors 52
may include a plurality of arms that extend outwards and
are configured to frictionally engage the surrounding tis-
sue.
[0073] A method of construction of the expandable
conduit 12 and the prosthetic heart valve 14 may include
coating or covering the interior surface, exterior surface,
or both of the frame or stent 20 with (1) a bioprosthetic
tissue, which may be selected from the group comprising
a bovine pericardium, porcine pericardium, and allogen-
ic/autogenic collagen matrix tissue, (2) a polymer, (3) a
gel applied to a substrate or (4) a cloth, such as PTFE
or Dacron, to form the sleeve 18. The sleeve 18, if it has
a biological component, may then be glycerolized to fa-
cilitate dry storage. The method may also include apply-
ing a covering, such as a cloth, and coating the covering
with a gel or polymer to form multiple layers.
[0074] During assembly of the medical device 10, the
expandable conduit 12 is sleeved over the inflation cath-
eter 44 until over the balloon 28. The prosthetic heart

valve 14 is also sleeved (as the expandable conduit 12
is sleeved) over the adjacent portion of the inflation cath-
eter 44 without the balloon. The prosthetic heart valve
14 is in the expanded condition due to its shape memory
properties while the expandable conduit 12 is still rela-
tively compact. A crimper is then used to crimp the con-
duit and valve, and underlying balloon 28, which are in-
serted into the outer, retractable sleeve 32 of the delivery
device 16.
[0075] During delivery, the guide wire 42 is placed
through the transapical or transfemoral approaches, as
described above, until part of the wire extends through
the aortic arch 26 and part of the wire through the native
heart valve 24. Some preliminary balloon expansion may
be performed to open the calcified native heart valve.
[0076] The balloon catheter 40 is then sleeved over
the guide wire and into the native heart valve 24 and
aortic arch 26. The outer sheath 32 is withdrawn to allow
the prosthetic heart valve 14 to expand into and compress
the native heart valve 24, as shown in FIG. 4. The inflation
lumen 48 of the inflation catheter 44 is used to pump
saline or other fluid into the balloon 28, expanding the
balloon wall 50 and surrounding conduit 12, as shown in
FIG. 1. The anchors 52 impinge upon or engage the sur-
rounding vessel and anchor thereto.
[0077] Advantageously, the medical device 10 de-
scribed above can achieve a smaller compressed diam-
eter to facilitate minimally invasive delivery of a prosthetic
heart valve together with an attached conduit.

Claims

1. A medical device (10) for use in a heart having a
native aortic heart valve (24) and a vessel extending
from the native aortic heart valve (24), the medical
device (10) comprising:

a balloon-expandable conduit (12) for supple-
menting or replacing the aorta arch or thoracic
aorta so as to repair defects therein;
characterized in that the medical device (10)
further comprises a prosthetic valve (14) cou-
pled to an end of the balloon-expandable conduit
(12),
wherein the prosthetic valve (14) comprises a
self-expandable material configured to expand
in a radially outward direction to frictionally en-
gage at least a portion of the native aortic heart
valve (24) and inhibit axial movement of the
prosthetic valve (14) and the balloon-expanda-
ble conduit (12) relative to the native aortic heart
valve (24).

2. The medical device of Claim 1, wherein the balloon-
expandable conduit (12) includes a balloon-expand-
able tubular frame and a sleeve (18) extending axi-
ally along and against the balloon-expandable
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frame.

3. The medical device of Claim 2, wherein the self-ex-
pandable material of the prosthetic valve includes a
self-expandable tubular frame and the prosthetic
valve includes valve leaflets supported within the
self-expandable tubular frame.

4. The medical device of Claim 3, wherein the balloon-
expandable tubular frame and self-expandable tu-
bular frame are contiguously formed of a nitinol alloy;

wherein the self-expandable tubular frame has
an expanded memory shape;and
wherein the prosthetic valve (14) further com-
prises an annular ring (34) of a woven material
coupling the valve leaflets (22) to the self-ex-
pandable tubular frame.

5. The medical device of Claim 2, wherein the sleeve
(18) includes a bioprosthetic tissue.

6. The medical device of Claim 5, wherein the sleeve
(18) extends along an inner diameter surface of the
balloon-expandable tubular frame (20).

7. The medical device of Claim 5, wherein the biopros-
thetic tissue is selected from a group consisting of a
bovine pericardium, a porcine pericardium, an allo-
genic/autogenic collagen matrix tissue, and a glyc-
erolized bioprosthetic tissue.

8. The medical device of Claim 1, further comprising a
retractable sheath (32), the retractable sheath (32)
defining an interior portion into which at least the
prosthetic valve (14) is compressed radially inward-
ly.

9. The medical device of Claim 1, further comprising
one or more anchors (52) that extend outwardly from
at least one of the balloon-expandable conduit (12)
or the prosthetic valve (14).

10. The medical device of Claim 9, wherein the one or
more anchors (52) comprise a tissue irritation struc-
ture to induce tissue ingrowth.

11. The medical device of Claim 10, wherein the tissue
irritation structure includes at least one of a fenes-
tration (60) or a dimple (58).

12. The medical device of Claim 9, wherein the one or
more anchors (52) are circumferentially spaced
apart about an outer surface of the medical device
(10) and extend radially outwardly.

13. A method of assembling a medical device (10) ac-
cording to any one of claims 1 to 12, the method

comprising:

coupling a self-expandable prosthetic heart
valve (14) of the medical device (10) adjacent a
balloon-expandable conduit (12) of the medical
device (10);
disposing a balloon (28) and balloon catheter
(40) within an interior portion of the balloon-ex-
pandable conduit (12);
compressing the balloon-expandable conduit
(12) and the prosthetic valve (14) radially in-
wardly; and
disposing at least the self-expandable prosthetic
valve (14) into an interior portion of a retractable
sheath (32).

14. The method of Claim 13, wherein coupling the self-
expandable prosthetic heart valve (14) adjacent the
balloon-expandable conduit (12) includes forming a
contiguous frame (20), coupling a bioprosthetic
sleeve (18) to at least one end of the frame (20) and
valve leaflets (22) to the other end of the frame (20).

15. The method of Claim 14, further comprising forming
the other end of the frame (20) to have an expanded
memory shape.

Patentansprüche

1. Eine medizinische Vorrichtung (10) zur Verwendung
in einem Herzen, die eine native Aortenherzklappe
(24) und ein Gefäß, das sich aus der nativen Aor-
tenherzklappe (24) erstreckt, aufweist, wobei die
medizinische Vorrichtung (10) Folgendes beinhaltet:

ein ballonexpandierbares Leitungsrohr (12)
zum Ergänzen oder Ersetzen des Aortenbogens
oder der Brustaorta, um somit darin befindliche
Defekte zu reparieren;
dadurch gekennzeichnet, dass die medizini-
sche Vorrichtung (10) ferner eine Klappenpro-
these (14) beinhaltet, die mit einem Ende des
ballonexpandierbaren Leitungsrohrs (12) ge-
koppelt ist,
wobei die Klappenprothese (14) ein selbstex-
pandierbares Material beinhaltet, das dazu aus-
gelegt ist, in einer radialen Richtung nach außen
zu expandieren, um reibschlüssig mit mindes-
tens einem Bereich der nativen Aortenherzklap-
pe (24) Eingriff zu nehmen und die axiale Be-
wegung der Klappenprothese (14) und des bal-
lonexpandierbaren Leitungsrohrs (12) relativ zu
der nativen Aortenherzklappe (24) zu hemmen.

2. Medizinische Vorrichtung nach Anspruch 1, wobei
das ballonexpandierbare Leitungsrohr (12) ein bal-
lonexpandierbares röhrenförmiges Gerüst und eine
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Hülse (18) umfasst, die sich axial entlang des und
gegen das ballonexpandierbare Gerüst erstreckt.

3. Medizinische Vorrichtung nach Anspruch 2, wobei
das selbstexpandierbare Material der Klappenpro-
these ein selbstexpandierbares röhrenförmiges Ge-
rüst umfasst und die Klappenprothese innerhalb des
selbstexpandierbaren röhrenförmigen Gerüsts ge-
stützte Klappensegel umfasst.

4. Medizinische Vorrichtung nach Anspruch 3, wobei
das ballonexpandierbare röhrenförmige Gerüst und
das selbstexpandierbare röhrenförmige Gerüst an-
einandergrenzend aus einer Nitinollegierung ge-
formt sind;

wobei das selbstexpandierbare röhrenförmige
Gerüst eine expandierte Gedächtnisform auf-
weist; und
wobei die Klappenprothese (14) ferner einen
kreisförmigen Ring (34) aus einem gewebten
Material umfasst, der die Klappensegel (22) mit
dem selbstexpandierbaren röhrenförmigen Ge-
rüst koppelt.

5. Medizinische Vorrichtung nach Anspruch 2, wobei
die Hülse (18) ein Bioprothesengewebe umfasst.

6. Medizinische Vorrichtung nach Anspruch 5, wobei
die Hülse (18) sich entlang einer Innendurchmes-
seroberfläche des ballonexpandierbaren röhrenför-
migen Gerüsts (20) erstreckt.

7. Medizinische Vorrichtung nach Anspruch 5, wobei
das Bioprothesengewebe aus einer Gruppe ausge-
wählt ist, die aus einem Rinderperikard, einem
Schweineperikard, einem allogenen/autogenen Kol-
lagenmatrixgewebe und einem glyzerolisierten Bio-
prothesengewebe besteht.

8. Medizinische Vorrichtung nach Anspruch 1, die fer-
ner eine zurückziehbare Schleuse (32) beinhaltet,
wobei die zurückziehbare Schleuse (32) einen In-
nenbereich definiert, in den hinein mindestens die
Klappenprothese (14) radial nach innen komprimiert
ist.

9. Medizinische Vorrichtung nach Anspruch 1, die fer-
ner einen oder mehrere Anker (52) beinhaltet, die
sich von mindestens einem von dem ballonexpan-
dierbaren Leitungsrohr (12) oder der Klappenprothe-
se (14) nach außen erstrecken.

10. Medizinische Vorrichtung nach Anspruch 9, wobei
der eine oder die mehreren Anker (52) eine Gewe-
bereizungsstruktur beinhalten, um das Einwachsen
von Gewebe zu induzieren.

11. Medizinische Vorrichtung nach Anspruch 10, wobei
die Gewebereizungsstruktur mindestens eines von
einer Fensterung (60) oder einer Vertiefung (58) um-
fasst.

12. Medizinische Vorrichtung nach Anspruch 9, wobei
der eine oder die mehreren Anker (52) umfänglich
um etwa eine äußere Oberfläche der medizinischen
Vorrichtung (10) beabstandet sind und sich radial
nach außen erstrecken.

13. Ein Verfahren zum Zusammenbauen einer medizi-
nischen Vorrichtung (10) nach einem der Ansprüche
1 bis 12, wobei das Verfahren Folgendes beinhaltet:

Koppeln einer selbstexpandierbaren Herzklap-
penprothese (14) der medizinischen Vorrich-
tung (10) in der Nähe eines ballonexpandierba-
ren Leitungsrohrs (12) der medizinischen Vor-
richtung (10);
Anordnen eines Ballons (28) und Ballonkathe-
ters (40) innerhalb eines Innenbereichs des bal-
lonexpandierbaren Leitungsrohrs (12);
Komprimieren des ballonexpandierbaren Lei-
tungsrohrs (12) und der Klappenprothese (14)
radial nach innen und
Anordnen mindestens der selbstexpandierba-
ren Klappenprothese (14) in einem Innenbe-
reich einer zurückziehbaren Schleuse (32).

14. Verfahren nach Anspruch 13, wobei das Koppeln
der selbstexpandierbaren Herzklappenprothese
(14) in der Nähe des ballonexpandierbaren Lei-
tungsrohrs (12) das Formen eines angrenzenden
Gerüsts (20), das Koppeln einer Bioprothesenhülse
(18) mit mindestens einem Ende des Gerüsts (20)
und der Klappensegel (22) mit dem anderen Ende
des Gerüsts (20) umfasst.

15. Verfahren nach Anspruch 14, das ferner das Formen
des anderen Endes des Gerüsts (20) umfasst, so
dass es eine expandierte Gedächtnisform aufweist.

Revendications

1. Dispositif médical (10) destiné à être utilisé dans un
coeur possédant une valvule cardiaque aortique na-
tive (24) et un vaisseau s’étendant à partir de la val-
vule cardiaque aortique native (24), le dispositif mé-
dical (10) comprenant :

un conduit expansible par ballonnet (12) pour
compléter ou pour remplacer l’arc aortique ou
l’aorte thoracique de façon à réparer des défauts
à l’intérieur de ceux-ci ;
caractérisé en ce que le dispositif médical (10)
comprend en outre une valvule prothétique (14)
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accouplée à une extrémité du conduit expansi-
ble par ballonnet (12),
la valvule prothétique (14) comprenant un ma-
tériau auto-expansible conçu pour se dilater
dans une direction radialement vers l’extérieur
pour venir en prise par frottement avec au moins
une partie de la valvule cardiaque aortique na-
tive (24) et empêcher un mouvement axial de la
valvule prothétique (14) et du conduit expansi-
ble par ballonnet (12) par rapport à la valvule
cardiaque aortique native (24).

2. Dispositif médical selon la revendication 1, le conduit
expansible par ballonnet (12) comprenant un cadre
tubulaire expansible par ballonnet et un manchon
(18) s’étendant axialement le long du cadre expan-
sible par ballonnet et contre celui-ci.

3. Dispositif médical selon la revendication 2, le maté-
riau auto-expansible de la valvule prothétique com-
prenant un cadre tubulaire auto-expansible et la val-
vule prothétique comprenant des feuillets de valvule
supportés à l’intérieur du cadre tubulaire auto-ex-
pansible.

4. Dispositif médical selon la revendication 3, le cadre
tubulaire expansible par ballonnet et le cadre tubu-
laire auto-expansible étant formés de manière con-
tiguë d’un alliage de nitinol ;

le cadre tubulaire auto-expansible possédant
une forme de mémoire dilatée ; et
la valvule prothétique (14) comprenant en outre
une bague annulaire (34) d’un matériau tissé
accouplant les feuillets de valvule (22) au cadre
tubulaire auto-expansible.

5. Dispositif médical selon la revendication 2, le man-
chon (18) comprenant un tissu bioprothétique.

6. Dispositif médical selon la revendication 5, le man-
chon (18) s’étendant le long d’une surface de dia-
mètre interne du cadre tubulaire expansible par bal-
lonnet (20).

7. Dispositif médical selon la revendication 5, le tissu
bioprothétique étant choisi dans un groupe constitué
par un péricarde bovin, un péricarde porcin, un tissu
matriciel de collagène allogène/autogène et un tissu
bioprothétique glycérolisé.

8. Dispositif médical selon la revendication 1, compre-
nant en outre une gaine rétractable (32), la gaine
rétractable (32) définissant une partie intérieure
dans laquelle au moins la valvule prothétique (14)
est comprimée radialement vers l’intérieur.

9. Dispositif médical selon la revendication 1, compre-

nant en outre un ou plusieurs éléments d’ancrage
(52) qui s’étendent vers l’extérieur à partir d’au moins
l’un parmi le conduit expansible par ballonnet (12)
ou la valvule prothétique (14).

10. Dispositif médical selon la revendication 9, le ou les
éléments d’ancrage (52) comprenant une structure
d’irritation tissulaire pour induire une croissance in-
terne tissulaire.

11. Dispositif médical selon la revendication 10, la struc-
ture d’irritation tissulaire comprenant au moins l’une
parmi une perforation (60) ou une alvéole (58).

12. Dispositif médical selon la revendication 9, le ou les
éléments d’ancrage (52) étant espacés de manière
circonférentielle autour d’une surface extérieure du
dispositif médical (10) et s’étendant radialement vers
l’extérieur.

13. Procédé d’assemblage d’un dispositif médical (10)
selon l’une quelconque des revendications 1 à 12,
le procédé comprenant :

l’accouplement d’une valvule cardiaque prothé-
tique auto-expansible (14) du dispositif médical
(10) adjacent à un conduit expansible par bal-
lonnet (12) du dispositif médical (10) ;
la disposition d’un ballonnet (28) et d’un cathéter
à ballonnet (40) à l’intérieur d’une partie inté-
rieure du conduit expansible par ballonnet (12) ;
la compression du conduit expansible par bal-
lonnet (12) et de la valvule prothétique (14) ra-
dialement vers l’intérieur et
la disposition au moins de la valvule prothétique
auto-expansible (14) dans une partie intérieure
d’une gaine rétractable (32).

14. Procédé selon la revendication 13, l’accouplement
de la valvule cardiaque prothétique auto-expansible
(14) adjacente au conduit expansible par ballonnet
(12) comprenant la formation d’un cadre contigu
(20), l’accouplement d’un manchon bioprothétique
(18) à au moins une extrémité du cadre (20) et des
feuillets de valvule (22) à l’autre extrémité du cadre
(20).

15. Procédé selon la revendication 14, comprenant en
outre la formation de l’autre extrémité du cadre (20)
de façon telle qu’elle possède une forme de mémoire
dilatée.
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