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Description

FIELD OF INVENTION

[0001] The present invention relates to prosthetic valve
devices for implantation in the body. In particular, the
invention relates to a system for improved placement ac-
curacy of a percutaneous prosthetic valve.

BACKGROUND OF THE INVENTION

[0002] The human body contains a wide variety of nat-
ural valves, such as, for example, heart valves, esopha-
geal and stomach valves, intestinal valves, and valves
within the lymphatic system. Natural valves can degen-
erate for a variety of reasons, such as disease, age, and
the like. A malfunctioning valve fails to maintain the bodily
fluid flow in a single direction with minimal pressure loss.
An example of a malfunctioning valve is a heart valve
that may be either stenotic, i.e., the leaflets of the valve
are do not open fully, or regurgitant, i.e., the leaflets of
the valve do not close properly. It is desirable to restore
valve function to regain the proper functioning of the or-
gan with which the valve is associated. For example,
proper valve function in the heart ensures that blood flow
is maintained in a single direction through a valve with
minimal pressure loss, so that blood circulation and pres-
sure can be maintained. Similarly, proper esophageal
valve function ensures that acidic gastric secretions do
not irritate or permanently damage the esophageal lining.
[0003] Several percutaneous prosthetic valve systems
have been described. One example described in An-
dersen, et al. (U.S. Patent No. 5,411,552) comprises an
expandable stent and a collapsible valve which is mount-
ed onto the stent prior to deployment. The collapsible
valve may be a biological valve or it may be made of
synthetic material. The Anderson prosthetic valve is de-
livered and deployed using a balloon catheter which bal-
loon is used to expand the valve-stent prosthesis to its
final size. See also, U.S. Patent No. 6,168,614 (An-
dersen, et al.) entitled "Valve Prosthesis for Implantation
in the Body" and U.S. Patent No. 5,840,081 (Andersen,
et al.) entitled "System and Method for Implanting Car-
diac Valves."
[0004] Spenser, et al. (U.S. Patent No. 6,893,460) de-
scribe another prosthetic valve device comprising a valve
structure made of biological or synthetic material and a
supporting structure, such as a stent. The Spenser pros-
thetic valve is a crimpable leafed-valve assembly con-
sisting of a conduit having an inlet and an outlet, made
of pliant material arranged to present collapsible walls at
the outlet. The valve assembly is affixed to the support
stent prior to deployment. The complete valve device is
deployed at a target location within the body duct using
a deploying means, such as a balloon catheter or a similar
device.
[0005] Accurate placement of current percutaneous
valve devices relative to the existing native anatomy is

often problematic, particularly in the case of aortic valve
replacements. A prosthetic aortic valve that is placed too
distally (relative to the heart, i.e., toward the aorta) can
occlude or impede flow into the orifices of the coronary
arteries. For example, depending on the position of the
coronary ostia, either the skirt of the prosthetic valve or
large native valve leaflets, when pressed down against
the aorta wall, may physically or functionally obstruct the
orifices and impede coronary arterial flow. See, e.g., Pi-
azza, N., et al., "Anatomy of the Aortic Valvar Complex
and Its Implications for Transcatheter Implantation of the
Aortic Valve," CIRCULATION CARDIOVASCULAR IN-
TERVENTIONS, 1:74-81 (2008); Webb, JG, et al., "Per-
cutaneous aortic valve implantation retrograde from the
femoral artery," CIRCULATION, 113:842-850 (2006).
This obstruction may be either physical or it may be func-
tional, i.e., the orifices of the coronary arteries are phys-
ically patent, but due to alterations in flow patterns pro-
duced by the prosthetic valve, flow into the coronary ar-
teries is partially impeded. A prosthetic valve that is
placed too proximally (i.e., toward the ventricular outflow
tracts of the left ventricle) can interfere with the anterior
leaflet of the Mitral valve, the atrioventricular node, or the
bundle of His (conduction tissues). Approximately thirty
percent of patients receiving prosthetic valves percuta-
neously require pacemakers, because the valve is placed
with the ventricular end too close to or on top of the left
bundle branch, putting pressure on the electrical conduc-
tion apparatus. See, e.g., Piazza, N., et al., "Early and
persistent intraventricular conduction abnormalities and
requirements for pacemaking following percutaneous re-
placement of the aortic valve," JACC CARDIOVASCU-
LAR INTERVENTIONS, 1:310-316 (2008); Piazza, N.,
et al., "Anatomy of the Aortic Valvar Complex and Its
Implications for Transcatheter Implantation of the Aortic
Valve," CIRCULATION CARDIOVASCULAR INTER-
VENTIONS, 1:74-81 (2008).
[0006] From WO 2007009117 A1 a percutaneous
heart valve assembly is known, which includes a gasket
member (a first prosthesis) and a valve member (a sec-
ond prosthesis). During delivery, one or more sutures are
delivered and attached to tissue surrounding a biological
annulus. Knots are then directed down the sutures to the
tissue and secured to the biological annulus. Once the
sutures are in place, a delivery catheter is introduced into
the body. The catheter is loaded with the gasket member
and valve member, each in a contracted or delivery con-
dition. The first prosthesis may be deployed adjacent or
within the biological annulus and secured at least partially
into the biological annulus. The second prosthesis may
then be deployed adjacent the biological annulus and
secured to the first prosthesis.
[0007] Therefore, a need exists for improved place-
ment and more simplified delivery of artificial valves and
to increase the safety and accuracy of the percutaneous
valve replacement procedure.
[0008] It is an object of the invention to provide a sys-
tem and method of accurately placing a prosthetic valve
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device percutaneously in a lumen. Another object of the
invention is to provide accurate placement of a prosthetic
valve device that is minimally invasive.

SUMMARY OF THE INVENTION

[0009] The present invention relates to a system as
recited in claims 1 or 8. Further enhancements of the
invention are subject to the dependent claims..
[0010] The systems of the invention are applicable not
only to single unit percutaneous valve devices and those
percutaneous valve devices assembled before delivery
- as described in, for example, U.S. Patents 5,411,552
and 6,893,460 (representative of types of valve devices
referred to herein as "pre-assembled" valve devices), but
also to the lower profile, modular (multi-component) valve
device, or valve assembly, described herein.
[0011] For delivery of either the modular valve device
or pre-assembled valve device, the anchor is preferably
operably connected to a portion of the valve device that
is to be guided to the implantation site to seat the device,
such as the frame of the valve device.
[0012] The system and method of placing a prosthetic
valve device percutaneously in a lumen confers improved
accuracy of placement, simplified procedure, and in-
creased efficacy. This permits such procedures to be per-
formed in smaller and less sophisticated medical facilities
with increased safety and superior results, thereby ex-
panding the number of medical facilities equipped to per-
form percutaneous valve replacement procedures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIGS. 1A-1C illustrate three aspects of a system and
method of placing a valve device at a desired location
in a lumen using anchors and, in this embodiment,
placement wires. In particular, different positions on
the native anatomy where the anchors may be af-
fixed to improve valve placement accuracy are illus-
trated. FIG. 1A depicts the anchors fixed to the aorta
wall. FIG. 1B depicts the anchors fixed to the aortic
surface of the native valve leaflets. FIG. 1C depicts
the anchors fixed to the ventricular surface of the
native valve leaflets.
FIG. 2 illustrates a system and method of placing the
valve device at a desired location in a lumen, wherein
the anchors are leading sutures, positioned at the
target site and used to guide the valve device to that
position so as to position it with improved accuracy.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The present invention provides a system for im-
proved positioning of a valve device in a body lumen and
a method not forming part of the invention for facilitating
accurate positioning of a percutaneous valve device in a

body lumen. Use of the system and methods is expected
to improve outcomes and minimize complications and
shorten hospital stays. Further, the method is expected
to reduce patient trauma, simplify the procedure, and
make the procedure available to more patients and more
hospitals.
[0015] The invention provides a system for accurate
placement of implantable percutaneous prosthetic valve
devices, systems for percutaneously delivering and de-
ploying implantable prosthetic heart valve devices and
other implantable percutaneous prosthetic valve devices
in body lumens. The placement system comprises the
prosthetic valve device, an anchor, and a delivery device.
The anchor is used to place the valve device at the de-
sired location of valve implantation. Therefore, the an-
chor may first be placed at the desired site of valve im-
plantation and then the valve device may be guided to
that site. In this manner, the precise location of implan-
tation may be chosen carefully and the anchor affixed or
the location of the anchor adjusted. Then once the anchor
is affixed, the prosthetic valve may be more efficiently
placed and implanted, improving accuracy.
[0016] In some embodiments, where the anchor is, for
example, a hook or rivet, the system may further include
a placement wire which is attached to the anchor. The
placement wire may have free ends for threading through
a portion of valve device. In embodiments where the an-
chor is a leading suture, the leading suture may be
threaded through a portion of the valve device. In further
embodiments, the placement wire or leading suture may
be threaded through part of the delivery system, such as
the expansion balloon or system used for self-expanding
support structures. The placement wire and leading su-
ture are used to guide the prosthetic valve to the site of
implantation. In each of these embodiments, the thread-
ed portion of the valve device may include loops or spe-
cific holes through which the placement wire or leading
suture may be threaded, and may be the proximal edge
(ventricle side) of the valve material. Alternatively, the
threaded portion may inherently have open spaces for
threading the placement wire or leading suture - for ex-
ample, as on a support structure such as a stent. In still
another embodiment, the anchor may be a docking ap-
paratus and the portion of the valve device may have an
anchor interface unit. In this embodiment, the anchor may
directly engage a portion of the valve device.
[0017] The valve device used with the placement sys-
tem may be a preassembled percutaneous valve device,
such as those described or known in the art. Alternatively,
it may be modular percutaneous valve device, compris-
ing a plurality of modules, as described in paragraphs
[029-030], [032-034], [039-049] and Figs. 1a-4c of priority
U.S. provisional patent application no. 61/144,007, in
paragraphs [037-047], [060-062], [065-082] and Figs.
1-6c of co-pending U.S. application no. 12/686,335 (mod-
ular), entitled "Modular Percutaneous Valve Structure
and Delivery Method," filed on January 12, 2010, and in
paragraphs [027-031], [035-040], [042-046], [048-070]
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and Figs. 1-10 (including description of self-assembly
members) of co-pending U.S. application no. 12/686,338
(self-assembly), entitled "Self-Assembling Modular Per-
cutaneous Valve and Methods of Folding, Assembly and
Delivery," filed on January 12, 2010.
[0018] The systems of the invention are particularly
adapted for use in percutaneous aortic valve replace-
ment, but may also find use as replacements for other
cardiac valves, such as, e.g., pulmonic, mitral and tricus-
pid valves, as well as valves in the peripheral vasculature
or in other bodily lumens, such as the alimentary canal,
lymph ducts, the biliary duct, and any other lumens hav-
ing valves requiring replacement or needing valve im-
plantation. Although particularly adapted for use in lu-
mens of the human body, the devices, systems and meth-
ods may also find application in animals.
[0019] The placement system of the invention may be
used with pre-assembled, percutaneous prosthetic
valves, some of which are commercially available. Ex-
amples of such preassembled, percutaneous prosthetic
valves are described, for example, in U.S. Patent Nos.
5,411,552 and 6,893,460, and include, for example, the
CoreValve Revalving™ System from Medtronic/Cor-
eValve Inc. (Irvine, CA, USA), Edwards-Sapien or Cribi-
er-Edwards valves from Edwards Lifesciences (Irvine,
CA, USA), and devices in development by AortTx (Palo
Alto, CA, USA), Sadra Medical, Inc. (Campbell, CA,
USA), Direct Flow Medical (Santa Rosa, CA, USA), HLT,
Inc. (Maple Grove, MN, USA), ATS Medical, Inc. (Min-
neapolis, MN, USA), Advanced BioProsthetic Surfaces
(San Antonio, TX, USA), JenaValve Technology GmbH
(Munich, Germany), Ventor Technologies (Netanya, Is-
rael), and Sorin Group (Saluggia, Italy) and any other
variations of prosthetic valves mounted on balloon-ex-
pandable or self-expanding stents for delivery.
[0020] The system of the invention is also applicable
to a modular prosthetic valve device and system that al-
lows a prosthetic valve device to be delivered safely into
a lumen in a reduced diameter delivery device. One em-
bodiment of the modular prosthetic valve device com-
prises two main device modules: a valve module and a
support structure, which are designed to be assembled
in the body, for example in the aorta or at the site of
implantation. The support structure provides the frame-
work, or backbone, of the device, housing the valve mod-
ule and holding the valve module in place within the body.
The valve module is the device module having the leaflets
of the valve device and it provides a conduit having a
inlet end and an outlet end.
[0021] In one embodiment, the valve module is a valve
assembly that further comprises a plurality of valve sec-
tions, which may be assembled into the valve assembly
in the body. The valve assembly may then be combined
with the support structure into the assembled valve de-
vice. In another embodiment, the valve module is a one-
piece module that is delivered apart from the support
structure and is combined with the support structure in
the body. The one-piece valve module may be delivered

as an unassembled, folded leaflets substructure or un-
assembled, folded leaflets-ring, and assembled so that
it forms a conduit with leaflets prior to combining with the
support structure. In an alternative embodiment, the
modular valve device may be a valve assembly compris-
ing a plurality of valve sections that may be deployed and
assembled into a complete valve device without a sup-
port structure. The valve module and support structure
are delivered to a desired location in the lumen within an
appropriate delivery device such as a catheter, for ex-
ample an endovascular catheter. Once the device mod-
ules are deployed from the delivery device into the lumen,
they may be combined to form a fully assembled valve
device.
[0022] The aforementioned embodiments of the place-
ment system, as well as other embodiments, delivery and
assembly methods, different designs and different types
of devices are discussed and explained below with ref-
erence to the accompanying drawings. The use and op-
eration of the valve placement embodiments of the in-
vention are illustrated in FIGS. 1A-2. Note that the draw-
ings are provided as an exemplary understanding of the
present invention and to schematically illustrate particu-
lar embodiments of the present invention. The skilled ar-
tisan will readily recognize other similar examples equally
within the scope of the invention. The drawings are not
intended to limit the scope of the present invention as
defined in the appended claims.
[0023] It is crucial that a prosthetic valve device is
placed in a vessel (or lumen) with precision to ensure
proper valve function and safety to the patient. Anchors
45 may be used to guide the delivery of the valve device,
or a device module such as a support structure 20 of a
modular valve device (as illustrated in FIGS. 1A-1C) to
the target site. Accordingly, in one embodiment a place-
ment system according to the invention comprises a
prosthetic valve device and one or more anchors 45 and
one or more placement wires 44. The placement wires
44 are connected to the anchors 45, as illustrated in
FIGS.1A-1C. In one embodiment, the placement wires
44 may be threaded through and packaged with a device
module, such as a support structure 20, of a modular
valve device. Alternatively, anchors 45 may be used to
guide any portion of the valve device to the target site,
in particular with respect to pre-assembled percutaneous
valve devices. Thus, for example placement wires 44
may be threaded through the valve portion of the device.
With respect to modular valve device, in such an alter-
native embodiment (not shown), the placement wires 44
may be threaded through the valve module or one or
more valve sections, and the valve module may be com-
bined with the support structure 20 prior to guiding the
assembled valve device to the location of implantation
70. In another such alternative embodiment (not shown),
the placement wires 44 may be threaded through both
the support structure 20 and valve module. In yet another
embodiment applicable to either pre-assembled or mod-
ular valve devices, the placement wires may be threaded

5 6 



EP 2 379 012 B1

5

5

10

15

20

25

30

35

40

45

50

55

through the delivery system.
[0024] The anchors 45 are designed to be attached to
native tissue in the lumen, specifically at the location of
implantation 70. The placement wires 44 and anchors 45
may be used to guide the device module through which
it is threaded, such as the support structure 20, and thus
modular prosthetic valve device, to the desired location
of implantation 70 within a body lumen, for example an
aorta 81, with improved accuracy. In another embodi-
ment, where the valve device is pre-assembled, such as
a percutaneous valve device in the art, the placement
wires may be threaded through a suitable part of the valve
device, and used to guide the valve device to the desired
location of implantation, similar to FIGS. 1A-1C. The
proximal portion of the "free ends" of the placement wires
may exit the body at the proximal end of the delivery
system, or may be attached to a portion of the delivery
system.
[0025] Once the anchors 45 are in place, the prosthetic
valve device may be guided into place along the place-
ment wires 44 originating from the anchors 45. As shown
in FIG. 1A, the support structure 20 may be guided into
place along the placement wires 44. In an alternative
embodiment, instead of being connected to placement
wires, the anchors 45 may include a docking apparatus
that may be connected directly to an anchor interface
unit attached to the pre-assembled valve device, or sup-
port structure 20 of a modular valve device, that allows
orientation of the valve device relative to the anchors 45.
Anchor docking apparatus and anchor interface unit may
be complementary so as to may lock together to secure
the valve device at the target site. In accordance with the
invention, the support structure may be guided to the site
of implantation prior to combining with the valve module,
or the modular valve device may be assembled and then
guided along the placement wires to be placed at the
implantation site. Because it occurs after the delivery and
assembly of the modular valve device, this latter embod-
iment of placing an assembled modular valve device is
similar to placing a pre-assembled valve device, such as
a percutaneous valve device in the art, in accordance
with the invention. Assembly of the modular valve device
proceeds as described above, either using a pull wire or
a self-assembly member.
[0026] In addition to aiding in affixing the valve device
to the target site, for example, by effecting "docking" of
the device, the anchors 45 also may be used to facilitate
attaching the device modules together thus aiding in as-
sembly and triggering the locking mechanisms.
[0027] Anchors 45 may include a button or rivet-type
device, a hook, a percutaneously-inserted suture, inter-
connecting geometries, or any other type of docking ap-
paratus device (not shown). Where the anchor includes
an anchor docking apparatus, a portion of the valve de-
vice comprises an anchor interface unit to engage the
anchor docking apparatus. In this embodiment, the an-
chor directly engages the valve device via the connection
between the anchor docking apparatus and the anchor

interface unit. The anchor docking apparatus and anchor
interface unit combination may be any of male-female
coupling type components, slotted hook mechanisms,
hook and eye components, hook and groove compo-
nents, interconnecting geometries (e.g., dovetail), press-
fix connectors or similar components within the skill in
the art.
[0028] In one embodiment, in which the anchors are
of the button type, the anchors may be affixed to the
native anatomy by puncturing the vessel wall and affixing
two parts of the anchor to either side of the vessel. A
catheter is used to direct a puncturing tool to the site of
the vessel where the anchor is to be placed and the tool
is used to create a hole in the vessel wall through which
anchors may be affixed. The puncturing tool is removed
from the catheter and the catheter is advanced through
the newly formed opening in the vessel wall. The anchor
is then deployed from the catheter on the outer side of
the vessel wall. The catheter is then retracted through
the hole and the remainder of the anchor is deployed on
the inner side of the vessel wall. When fully deployed the
anchor engages both sides of the vessel wall. The inner
and outer portions of the anchor are held together by a
"neck" portion of the anchor which occludes the opening
in the vessel wall.
[0029] Some embodiments of this invention may con-
tain a reinforcing member in the anchor which can be
used to provide an outward force against the circumfer-
ence of the expanded diameter portion of the anchor so
that the vessel wall is not compromised.
[0030] In some embodiments, tethers, or placement
wires, may be attached to the inner portion of the button
anchor and used to guide the prosthetic valve device to
the location of implantation and to secure the valve device
at that location.
[0031] In another embodiment, the anchors may be
hooks made of shape-memory alloy materials, such as
Nitinol, and may be affixed to the native anatomy as fol-
lows. The anchors are delivered to the appropriate loca-
tion in the lumen using a delivery device such as a cath-
eter. The anchors may have a delivery configuration
when housed in the catheter. Once the anchors are de-
ployed from the catheter, the anchors revert to a pre-
determined shape which is curved so as to grasp the
vessel wall holding the anchor in place, like a hook. The
deployed (pre-determined) shape of the anchor can be
semi-circular, helical, or the like. When the anchor is de-
ployed it will be pushed into and grasp the vessel wall
while it re-forms into the pre-determined shape, thus af-
fixing the anchor to the desired location in the lumen.
This embodiment may have placement wires secured to
the end of the hook anchor that does not penetrate the
tissue, which placement wires may be used to guide and
secure the prosthetic valve device to the desired location
in the lumen.
[0032] Still another embodiment of the instant inven-
tion includes anchors that are sutures, thereby also serv-
ing as the placement wires. FIG. 2 illustrates an embod-
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iment of a placement system of the invention in which
the anchors are leading sutures 46. The leading suture
46 may be attached at one end to native tissue in the
lumen at the desired location of valve implantation 70 via
a hook, needle, or other similar device. The other end -
the free end - of the leading suture 46 may be threaded
through the valve device - in the embodiment depicted
in FIG. 2, a modular valve device comprising a support
structure 20 and valve module 55. In this embodiment,
the free ends of the leading sutures 46 are threaded
through both the support structure 20 and valve module
55. The leading sutures 46 may be threaded through the
valve device prior to deployment, e.g., packaged with the
compressed/folded device modules in the catheter 60,
or after delivery of the valve device to the body. In an
alternative embodiment (not shown), the leading sutures
46 may be threaded through the delivery device or part
of the devices used to expand the support structure, e.g.,
a balloon, or parts of devices used to release a self-ex-
panding support structure. Where the valve device is a
modular valve device, the device modules, assembled
or unassembled, may be guided along the leading su-
tures 46 to the desired location of valve implantation 70
within a body lumen 80 with improved accuracy. Further,
in cases where final deployment of the valve device at
the implantation site is accomplished using a balloon
catheter, the leading sutures 46 may be used to prevent
migration of the valve device during balloon inflation. The
proximal portion of the "free end" of the leading sutures
may extend out the proximal end of the delivery device
- i.e., outside the body, or may be attached to a portion
of the delivery system.
[0033] The disclosure further provides methods for
placing a prosthetic valve device in a body lumen with
improved accuracy. In one embodiment, using FIG. 1A
for reference, the method of placing a prosthetic valve
device in a body lumen in need thereof, comprises: af-
fixing an anchor 45 in a body lumen 80 at a location of
valve implantation 70; and positioning said prosthetic
valve device at said location of valve implantation 70 us-
ing said anchor 45. The anchor 45 may be connected to
a placement wire 44, and the placement wire 44 may be
threaded through a portion of the valve device or delivery
device prior to loading the valve device into the delivery
device so that a free end of the placement wire 44 exits
a proximal end of said delivery device (not shown). For
purposes of illustration, FIG. 1A depicts the support
structure 20 of a valve device having loops as a threaded
portion 21 through which the placement wires 44 are
threaded. In this embodiment, the positioning step in-
cludes guiding the threaded portion 21 of the support
structure 20 along the placement wire 44 to the location
of valve implantation 70. In another embodiment, place-
ment wire 44 may be threaded through a portion of the
valve device after the valve device is loaded into the de-
livery device or after deployment of the valve device from
the delivery device.
[0034] The affixing step may include affixing the anchor

on the wall of the body lumen, or affixing the anchor on
a proximal or distal side of a native valve leaflet. Thus
for example, where the method is used in an aortic valve
replacement procedure, the body lumen may be an aorta
with a myocardial valve having native valve leaflets.
FIGS. 1A-1C illustrate where on the native anatomy of a
myocardial valve the anchors may be positioned to opti-
mize placement of the prosthetic valve device in an aorta
81. FIG.1A illustrates the anchors 45 fixed to a lumen
wall, e.g., the aorta wall 82 immediately distal to the native
valve. FIG. 1B illustrates the anchors 45 affixed to a distal
surface of the native valve leaflets 76, e.g., on the aortic
surface 72. FIG. 1C illustrates the anchors 45 affixed to
a proximal surface of the native valve leaflets 76, e.g.,
on the ventricular surface 74. In an alternative embodi-
ment, the placement wires 44 may be threaded through
the proximal edge of the valve device (or support struc-
ture), and the anchors 45 may be attached immediately
proximal of the native valve. In another alternative em-
bodiment, the placement wires 44 may be threaded
through a more distal portion of the valve device, the
anchors 45 may be attached to the body lumen more
distally of the native valve leaflets 76 than illustrated in
FIG. 1 A. The anchors may be used to secure the valve
device to the location of implantation or valve device may
further comprise separate anchoring mechanisms (note
shown) for securing said valve device to the location of
implantation. In such an embodiment, the method may
further comprise the step of securing the valve device to
the lumen wall using the anchoring mechanisms.
[0035] In still another embodiment, wherein said an-
chors comprise leading sutures (see FIG. 2), the leading
sutures may similarly be threaded through a portion of
said valve device or delivery device prior to loading said
valve device into a delivery device or after deployment
of the valve device. In one example of the method of
placing a prosthetic valve device into a lumen in need of
valve replacement or implantation using the leading su-
tures 46 shown in FIG. 2, the method may comprise in-
serting percutaneously into the body lumen 80 a modular
prosthetic valve system comprising a delivery device 60
containing device modules, for example a support struc-
ture 20 and a valve module 55, and a plurality of leading
sutures 46, wherein each of the leading sutures 46 has
a free end threaded through a portion of the device mod-
ules and exiting from a proximal end of the delivery de-
vice; advancing the delivery device to the location of valve
implantation 70; attaching the leading sutures 46 to the
location of valve implantation 70; retracting the delivery
device from the location of valve implantation to a site of
deployment; deploying the device modules; assembling
the device modules into an assembled valve device; and
guiding the assembled valve device along the leading
sutures 46 to place the assembled valve device at said
location of implantation 70. In another aspect of this ex-
ample, instead of exiting from the proximal end of the
delivery device, the "free end" of the leading suture 46
may be attached to a portion of the delivery system. In
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an alternative example, the leading sutures 46 may be
threaded through a portion of support structure 20 and
the support structure 20 may be guided to the location
of implantation 70. The valve module then may be posi-
tioned and combined with the support structure 20 using
pull wires or push rods (not shown). Either method may
further comprise the step of affixing the assembled valve
device to the location of valve implantation 70 using at
least in part said leading sutures 46. As shown in FIG.
2, the leading sutures 46 may be attached to the body
lumen just distal of the native valve leaflets 76 (see also
FIG. 1A). Alternatively, the leading sutures 46 may be
attached to the aortic surface or ventricular surface of
the native valve leaflets 76, as depicted for the anchors
45 in FIGS. 1B and 1C, respectively. In another example,
the leading sutures 46 may be threaded through the prox-
imal edge of the valve device and may be attached im-
mediately proximal of the native valve leaflets 76. for ex-
ample, to the ventricular surface in an aortic valve re-
placement (not shown). In yet another example, the lead-
ing sutures 46 may be threaded through a more distal
portion of the valve device, and the leading sutures 46
may be attached to the body lumen more distally of the
native valve leaflets 76 than illustrated in FIG. 2. Place-
ment of a pre-assembled valve device in accordance with
the invention may proceed in a similar manner, but with-
out the need for assembling device modules.
[0036] In an alternative example of the method illus-
trated in FIG. 2, the leading sutures may first be affixed
to the body lumen and then the valve device may be
introduced. For example, the method of placing a pros-
thetic valve device into a lumen 80 in need of valve re-
placement or implantation may comprise attaching lead-
ing sutures 46 in a lumen 80 at a desired location of valve
implantation 70; inserting percutaneously into a body lu-
men 80 a delivery device 60 containing a valve device;
advancing the delivery device to a deployment site; de-
ploying the valve device into the body lumen 80; thread-
ing the leading sutures 46 through a portion of the valve
device; and guiding the valve device along the leading
sutures 46 to position the valve device at the location of
valve implantation 70. In an alternative embodiment,
where the valve device is a modular valve device, the
leading sutures may be threaded through the assembled
valve device after assembly of the device modules, or
the leading sutures may be threaded through the device
modules after deployment and prior to assembly (not
shown).
[0037] The system and method also encompass plac-
ing a pre-assembled percutaneous valve device. Thus,
in a similar manner, the placement wires or leading su-
tures may be threaded through, for example, the frame
of the percutaneous valve, i.e., the portion of the device
that is expanded to seat the valve at the location of im-
plantation. Alternatively, the placement wires or leading
sutures may be threaded through the skirt or proximal
(ventricular) end of the valve material. In a further alter-
native, the placement wires or leading sutures may be

threaded through a portion of the delivery system or the
components or portions of components used to expand
the compressed valve device, such as for example a bal-
loon component, or in the case of valve devices having
self-expanding members, the components involved in re-
lease of the self-expanding member. The pre-assembled
valve device then may be guided over the placement
wires or leading sutures to the implantation spot. As with
the modular valve device, one or two leading sutures or
placement wires, or a ring of three or more sutures may
be used.
[0038] Used with either a pre-assembled or modular
percutaneous valve device, the methods improve the ac-
curacy of placing the percutaneous valve device, and
may improve the speed with which precise placement of
the valve device is made.
[0039] Where the examples describe "an anchor" or "a
leading suture," the embodiment may include one or
more anchors or one or more leading sutures. Similarly
where "a placement wire" is described, one or more may
be used, but generally one placement wire is used with
one appropriate type of anchor. Preferably, the anchor(s)
is positioned first, and its position may be changed if nec-
essary, prior to deployment of the valve device or device
modules from the delivery device, prior to assembly of a
modular valve device, or even prior to percutaneous in-
sertion of the valve device, but always prior to placement
of the valve device.
[0040] Materials useful for leading sutures in accord-
ance with the invention include, for example, silk, metal,
polyester, polypropylene, or other standard suture ma-
terial known in the art. Types of polyester sutures may
include, for example, 2-0 polyester (braided or unbraid-
ed). Types of polypropylene suture may include, for ex-
ample, double-armed 4-0 polypropylene, 5-0 polypropyl-
ene, or 6-0 polypropylene.
[0041] Percutaneous placement of sutures may be
performed by adapting methods known in the art for per-
cutaneous closure suturing. For example, the leading su-
ture may be placed at the site of implantation using a
system comprising two catheters (a guide catheter and
therapy catheter) similar to that described by Webb, J.G.
et al., "Percutaneous suture edge-to-edge repair of the
mitral valve," EUROINTERVENTION 5:86-89 (2009).
Briefly, the guide catheter may be advanced to the target
site of implantation. The "therapy catheter" (which con-
tains one or more needles with the attached leading su-
ture and needle catchers, an actuator trigger and an open
window through which the needle and needle catcher
can exit) may then be advanced through the guide cath-
eter to the target, the window oriented toward the anchor
placement site, and the actuator trigger made to drive
the needle through the native tissue at the site of implan-
tation and into the needle catcher. The therapy needle
then may be sequentially rotated along its axis to one or
more additional anchor sites radially displaced from the
previous site, and the actuator trigger made to activate
additional needles. As the therapy catheter is removed,
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one or more leading suture loops have been anchored
at the site of valve implantation. Other methods of attach-
ing a suture to the site of implantation that may be adapt-
ed for use in the present invention are described, for ex-
ample, in U.S. Patent No. 6,056,760 (see, e.g., Figs. 1,
4-9 and col. 3, II. 28-46, col. 4, II. 18-46, col. 5, I.28 - col.
6, I. 6), U.S. Patent No. 6,042,601 (see, e.g., Figs. 1,
18-32, and col. 5, II. 9-20, col. 8, I 42 - col. 10, I. 32), U.S.
Patent No. 5,928,250 (see Figs. 1-2, 8-11, and col. 3, II.
45-67, col. 5, I. 56 - col. 6, I. 24, col. 6, II. 38-51), and
U.S. Patent No. 5,868,762 (see, e.g., Figs. 1-8 and 12
and col. 3, I. 66 - col. 6, I. 12; col. 6, I. 53 - col. 7, I. 29).
[0042] It will be appreciated by persons having ordinary
skill in the art that many variations, additions, modifica-
tions, and other applications may be made to what has
been particularly shown and described herein by way of
embodiments, without departing from the scope of the
invention. Therefore it is intended that scope of the in-
vention, as defined by the claims below, includes all fore-
seeable variations, additions, modifications or applica-
tions.

Claims

1. A system for improving placement accuracy of a per-
cutaneous prosthetic valve, comprising:

a prosthetic percutaneous valve device;
an anchor (45); and
a delivery device (60);

wherein said anchor (45) is configured for affixing to
a selected location prior to deployment of said valve
device, and is configured for positioning said valve
device at said location, said anchor (45) being a tis-
sue attachment device, and said system further com-
prises a placement wire (44) attached to said tissue
attachment device, for threading through a portion
(21) of said percutaneous valve device.

2. The system of claim 1, wherein said tissue attach-
ment device is selected from the group consisting
of: a button, a rivet-type device, a hook, and inter-
connecting geometries.

3. The system of claim 2, wherein said anchor (45) is
a hook, having a delivery configuration and a deploy-
ment configuration, said anchor (45) comprising ma-
terial selected from the group consisting of: a shape
memory material, Nitinol, and superelastic material.

4. The system of claim 1, wherein said percutaneous
valve device is a modular valve device comprising a
plurality of device modules, wherein the plurality of
device modules comprises a support structure (20)
and a valve module (55), said valve module (55) se-
lected from the group consisting of: a plurality of

valve sections, a leaflets substructure, and a leaflets
ring.

5. The system of claim 4, wherein said threaded portion
(21) is selected from the group consisting of: said
support structure (20), said valve module (55), and
said support structure (20) and said valve module
(55).

6. The system of claim 1, wherein said valve device is
a pre-assembled valve device comprising a valve
member and a device frame, and said threaded por-
tion (21) is selected from the group consisting of:
said device frame, and said valve member.

7. The system of any one of claims 1, 5 or 6, wherein
said placement wire (44) is threaded through a por-
tion of a delivery system, said delivery system com-
prising said delivery device (60).

8. A system for improving placement accuracy of a per-
cutaneous prosthetic valve, comprising:

a prosthetic percutaneous valve device;
an anchor (45); and
a delivery device (60);

wherein said anchor (45) is configured for affixing to
a selected location prior to deployment of said valve
device, and is configured for positioning said valve
device at said location, said anchor (45) being an
anchor docking apparatus, and said percutaneous
valve device comprises an anchor interface unit con-
figured to engage with said anchor docking appara-
tus.

9. The system of claim 8, wherein said percutaneous
valve device is a modular valve device comprising a
plurality of device modules, wherein the plurality of
device modules comprises a support structure (20)
and a valve module (55), said valve module (55) se-
lected from the group consisting of: a plurality of
valve sections, a leaflets substructure, and a leaflets
ring.

10. The system of claim 8, wherein said threaded portion
(21) is selected from the group consisting of: said
support structure (20), said valve module (55), and
said support structure (20) and said valve module
(55).

11. The system of claim 10, wherein said valve device
is a pre-assembled valve device comprising a valve
member and a device frame, and said threaded por-
tion (21) is selected from the group consisting of:
said device frame, and said valve member.

12. The system of any one of claims 8, 10 or 11, wherein
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said placement wire (44) is threaded through a por-
tion of a delivery system, said delivery system com-
prising said delivery device (60).

Patentansprüche

1. System zum Verbessern einer Platzierungsgenau-
igkeit eines perkutanen prothetischen Ventils, auf-
weisend:

eine prothetische perkutane Ventilvorrichtung;
einen Anker (45); und
eine Applikationsvorrichtung (60);

wobei der Anker (45) für das Befestigen an einem
Ort konfiguriert ist, der vor dem Einsetzen der Ven-
tilvorrichtung ausgewählt wird und für das Positio-
nieren der Ventilvorrichtung an dem Ort konfiguriert
ist, wobei der Anker (45) eine Gewebebefestigungs-
vorrichtung ist und das System ferner einen Platzie-
rungsdraht (44) aufweist, der an der Gewebebefes-
tigungsvorrichtung befestigt ist, um durch einen Ab-
schnitt (21) der perkutanen Ventilvorrichtung gezo-
gen zu werden.

2. System nach Anspruch 1, wobei die Gewebebefes-
tigungsvorrichtung aus der Gruppe ausgewählt wird,
die aus Folgendem besteht: einem Knopf, einer nie-
tenartigen Vorrichtung, einem Haken und miteinan-
der verbundenen Geometrien.

3. System nach Anspruch 2, wobei der Anker (45) ein
Haken ist, der eine Applikationskonfiguration und ei-
ne Einsetzkonfiguration aufweist, wobei der Anker
(45) Material aufweist, das aus der Gruppe ausge-
wählt wird, die aus Folgendem besteht: einem Form-
gedächtnismaterial, Nitinol und superelastischem
Material.

4. System nach Anspruch 1, wobei die perkutane Ven-
tilvorrichtung eine modulare Ventilvorrichtung ist, die
eine Mehrzahl an Vorrichtungsmodulen aufweist,
wobei die Mehrzahl an Vorrichtungsmodulen eine
Tragestruktur (20) und ein Ventilmodul (55) aufweist,
wobei das Ventilmodul (55) aus der Gruppe ausge-
wählt wird, die aus Folgendem besteht: einer Mehr-
zahl an Ventilabschnitten, einer Blatt-Substruktur
und einem Blattring.

5. System nach Anspruch 4, wobei der gezogene Ab-
schnitt (21) aus der Gruppe ausgewählt wird, die aus
Folgendem besteht: der Tragestruktur (20), dem
Ventilmodul (55), und der Tragestruktur (20) und
dem Ventilmodul (55).

6. System nach Anspruch 1, wobei die Ventilvorrich-
tung eine vormontierte Ventilvorrichtung ist, die ein

Ventilelement und einen Vorrichtungsrahmen auf-
weist, und wobei der gezogene Abschnitt (21) aus
der Gruppe ausgewählt wird, die aus Folgendem be-
steht: dem Vorrichtungsrahmen und dem Ventilele-
ment.

7. System nach einem der Ansprüche 1, 5 oder 6, wobei
der Platzierungsdraht (44) durch einen Abschnitt ei-
nes Applikationssystems gezogen ist, wobei das Ap-
plikationssystem die Applikationsvorrichtung (60)
aufweist.

8. System zum Verbessern der Platzierungsgenauig-
keit eines perkutanen prothetischen Ventils, aufwei-
send:

eine prothetische perkutane Ventilvorrichtung;
einen Anker (45); und
eine Applikationsvorrichtung (60);

wobei der Anker (45) für das Befestigen an einem
Ort konfiguriert ist, der vor dem Einsetzen der Ven-
tilvorrichtung ausgewählt wird und für das Positio-
nieren der Ventilvorrichtung an dem Ort konfiguriert
ist, wobei der Anker (45) eine Ankerkopplungsvor-
richtung ist und die perkutane Ventilvorrichtung eine
Ankerschnittstelleneinheit aufweist, die so konfigu-
riert ist, dass sie mit der Ankerkopplungsvorrichtung
ineinandergreift.

9. System nach Anspruch 8, wobei die perkutane Ven-
tilvorrichtung eine modulare Ventilvorrichtung ist, die
eine Mehrzahl an Vorrichtungsmodulen aufweist,
wobei die Mehrzahl an Vorrichtungsmodulen eine
Tragestruktur (20) und ein Ventilmodul (55) aufweist,
wobei das Ventilmodul (55) aus der Gruppe ausge-
wählt wird, die aus Folgendem besteht: einer Mehr-
zahl an Ventilabschnitten, einer Blatt-Substruktur
und einem Blattring.

10. System nach Anspruch 8, wobei der gezogene Ab-
schnitt (21) aus der Gruppe ausgewählt wird, die aus
Folgendem besteht: der Tragestruktur (20), dem
Ventilmodul (55), und der Tragestruktur (20) und
dem Ventilmodul (55).

11. System nach Anspruch 10, wobei die Ventilvorrich-
tung eine vormontierte Ventilvorrichtung ist, die ein
Ventilelement und einen Vorrichtungsrahmen auf-
weist, und wobei der gezogene Abschnitt (21) aus
der Gruppe ausgewählt wird, die aus Folgendem be-
steht: dem Vorrichtungsrahmen und dem Ventilele-
ment.

12. System nach einem der Ansprüche 8, 10 oder 11,
wobei der Platzierungsdraht (44) durch einen Ab-
schnitt eines Applikationssystems gezogen ist, wo-
bei das Applikationssystem die Applikationsvorrich-
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tung (60) aufweist.

Revendications

1. Système pour améliorer la précision de placement
d’une valve prothétique percutanée, comprenant :

un dispositif de valve percutanée prothétique ;
un ancrage (45) ; et
un dispositif d’administration (60) ;

dans lequel ledit ancrage (45) est configuré en vue
d’une application à un emplacement sélectionné
avant le déploiement dudit dispositif de valve, et est
configuré pour positionner ledit dispositif de valve au
niveau dudit emplacement, ledit ancrage (45) étant
un dispositif de fixation de tissu, et ledit système
comprend en outre un fil de placement (44) fixé audit
dispositif de fixation de tissu, pour filetage à travers
une partie (21) dudit dispositif de valve percutanée.

2. Système selon la revendication 1, dans lequel ledit
dispositif de fixation de tissu est sélectionné dans le
groupe constitué : d’un bouton, d’un dispositif de ty-
pe à rivet, d’un crochet et de géométries d’intercon-
nexion.

3. Système selon la revendication 2, dans lequel ledit
ancrage (45) est un crochet, ayant une configuration
de distribution et une configuration de déploiement,
ledit ancrage (45) comprenant un matériau sélec-
tionné dans le groupe constitué : d’un matériau à
mémoire de forme, de Nitinol et d’un matériau supe-
rélastique.

4. Système selon la revendication 1, dans lequel ledit
dispositif de valve percutanée est un dispositif de
valve modulaire comprenant une pluralité de modu-
les de dispositif, dans lequel la pluralité de modules
de dispositif comprend une structure de support (20)
et un module de valve (55), ledit module de valve
(55) étant sélectionné dans le groupe constitué :
d’une pluralité de sections de valve, d’une sous-
structure de feuillets et d’un anneau de feuillets.

5. Système selon la revendication 4, dans lequel ladite
partie filetée (21) est sélectionnée dans le groupe
constitué : de ladite structure de support (20), dudit
module de valve (55), et de ladite structure de sup-
port (20) et dudit module de valve (55).

6. Système selon la revendication 1, dans lequel ledit
dispositif de valve est un dispositif de valve préas-
semblé comprenant un élément de valve et un cadre
de dispositif, et ladite partie filetée (21) est sélection-
née dans le groupe constitué : dudit cadre de dispo-
sitif, et dudit élément de valve.

7. Système selon l’une quelconque des revendications
1, 5 ou 6, dans lequel ledit fil de placement (44) est
fileté à travers une partie d’un système de distribu-
tion, ledit système de distribution comprenant ledit
dispositif de distribution (60).

8. Système pour améliorer la précision de placement
d’une valve prothétique percutanée, comprenant :

un dispositif de valve percutanée prothétique ;
un ancrage (45) ; et
un dispositif d’administration (60) ;

dans lequel ledit ancrage (45) est configuré en vue
d’une application à un emplacement sélectionné
avant le déploiement dudit dispositif de valve, et est
configuré pour positionner ledit dispositif de valve au
niveau dudit emplacement, ledit ancrage (45) étant
un dispositif d’accrochage d’ancrage, et ledit dispo-
sitif de valve percutanée comprend une unité d’in-
terface d’ancrage configurée pour s’engager avec
ledit appareil d’accrochage d’ancrage.

9. Système selon la revendication 8, dans lequel ledit
dispositif de valve percutanée est un dispositif de
valve modulaire comprenant une pluralité de modu-
les de dispositif, dans lequel la pluralité de modules
de dispositif comprend une structure de support (20)
et un module de valve (55), ledit module de valve
(55) étant sélectionné dans le groupe constitué :
d’une pluralité de sections de valve, d’une sous-
structure de feuillets et d’un anneau de feuillets.

10. Système selon la revendication 8, dans lequel ladite
partie filetée (21) est sélectionnée dans le groupe
constitué : de ladite structure de support (20), dudit
module de valve (55), et de ladite structure de sup-
port (20) et dudit module de valve (55).

11. Système selon la revendication 10, dans lequel ledit
dispositif de valve est un dispositif de valve préas-
semblé comprenant un élément de valve et un cadre
de dispositif, et ladite partie filetée (21) est sélection-
née dans le groupe constitué : dudit cadre de dispo-
sitif, et dudit élément de valve.

12. Système selon l’une quelconque des revendications
8, 10 ou 11, dans lequel ledit fil de placement (44)
est fileté à travers une partie d’un système de distri-
bution, ledit système de distribution comprenant ledit
dispositif de distribution (60).
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