57025644 A2 | IV VY0 O O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

T

27\
ﬁgA TN
¥

(10) International Publication Number

24 March 2005 (24.03.2005) PCT WO 2005/025644 A2

(51) International Patent Classification’: A61IM  (72) Inventors; and
. L. (75) Inventors/Applicants (for US only): STARKSEN, Niel,
(21) International Application Number: F. [US/US]; 12119 Edgecliff Place, Los Altos Hills, CA
PCT/US2004/028431 94022 (US). TO, John [US/US]; 36514 Dijon Drive,
(22) International Filjng Date: NeWark, CA 94560 (US) FABRO, Mariel [US/[JS], 1600
1 September 2004 (01.09.2004) Villa Street, #206, Mountain View, CA 94041 (US). WEI,
Michael, F. [US/US]; 124 Buckthorn Way, #3, Menlo

(25) Filing Language: English Park, CA 94025 (US). MORALES, Rodolfo, A. [US/US];

(26) Publication Language: English 18155 Wagner Road, Los Gatos, CA 95030 (US).

(30) Priority Data: (74) Agents: HANN, James, F. et al.; Haynes & Beffel &
10/656,797 4 September 2003 (04.09.2003)  US Wolfeld LLP, PO. Box 366, Half Moon Bay, CA 94019
60/524,922 24 November 2003 (24.11.2003)  US us).

10/741,130 19 December 2003 (19.12.2003)  US
10/792,681 2 March 2004 (02.03.2004)  US . o
10/901,019 27 July 2004 (27.07.2004)  US (81) D.e51gnateq States ( unl.ess othe.rwtse indicated, for every
10/901,554 27 July 2004 (27.07.2004)  US kind of national protection available): AE, AG, AL, AM,
10/900,980 27 July 2004 (27.07.2004)  US AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
10/901 444 27 July 2004 (27.07.2004)  US CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
10/901,455 27 July 2004 (27.07.2004)  US GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JF, KE,
10/901,555 27 July 2004 (27.07.2004)  US KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
(71) Applicant (for all designated States except US): GUIDED PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,

DELIVERY SYSTEMS, INC. [US/US]; 12119 Edgecliff
Place, Los Altos Hills, CA 94022 (US).

TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

[Continued on next page]

(54) Title: DELIVERY DEVICES AND MEHODS FOR HEART VALVE REPAIR

(57) Abstract: Devices, systems and methods facilitate positioning of a cardiac valve annulus treatment device, thus enhancing
& treatment of the annulus. Methods generally involve advancing an anchor delivery device through vasculature of the patient to a
& location in the heart for treating the valve annulus, contacting the anchor delivery device with a length of the valve annulus, delivering
Lo 1P plurality of coupled anchors from the anchor delivery device to secure the anchors to the annulus, and drawing the anchors together

to circumferentially tighten the valve annulus. Devices generally include an elongate catheter having at least one tensioning member
and at least one tensioning actuator for deforming a distal portion of the catheter to help it conform to a valve annulus. The catheter
device may be used to navigate a subannular space below a mitral valve to facilitate positioning of an anchor delivery device.



WO 2005/025644 A2

OO O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished

upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



WO 2005/025644 PCT/US2004/028431

DELIVERY DEVICES AND METHODS FOR HEART VALVE REPAIR

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention. The present invention relates generally to medical

devices and methods. More particularly, the invention relates to devices, systems and
methods for enhancing cardiovascular valve repair, especially the repair of heart valves such
as the mitral and tricuspid valves.

[0002] In recent years, many advances have been made to reduce the invasiveness of
cardiac surgery. In an attempt to avoid open, stopped-heart procedures, which may be
accompanied by high patient morbidity and mortality, many devices and methods have been
developed for operating on a heart through smaller incisions, operating on a beating heart,
and even performing cardiac procedures via transvascular access. Different types of cardiac
procedures, such as cardiac ablation techniques for treating atrial fibrillation, stenting
procedures for atherosclerosis, and valve repair procedures for treating conditions éuch as
mitral valve regurgitation have experienced significant technological advances. In
implementing many minimally invasive cardiac surgery techniques, especially beating-heart
techniques, one of the most significant challenges is positioning a treatment device (or
multiple devices) in a desired location in or around the heart for performing the procedure.
Another challenge, once a device is positioned, is to effectively deploy a given treatment into
or on the target cardiac tissue.

[0003] One type of cardiac surgery which may benefit from less invasive techniques is
heart valve repair. Traditional treatment of heart valve stenosis or regurgitation, such as
mitral or tricuspid regurgitation, typically involves an open-heart surgical procedure to
replace or repair the valve. Valve repair procedures typically involve annuloplasty, a set of
techniques designed to restore the valve annulus shape and strengthen the annulus.
Conventional annuloplasty surgery generally requires a large incision into the thorax of the
patient (a thoracotomy), and sometimes a median sternotomy (cutting through the middle of
the sternum). These open heart, open chest procedures routinely involve placing the patient
on a cardiopulmonary bypass machine for sustained periods so that the patient’s heart and
lungs can be artificially stopped during the procedure. Finally, valve repair and replacement
procedures are typically technically challenging and require a relatively large incision
through the wall of the heart to access the valve.

[0004] Due to the highly invasive nature of open heart valve repair or replacement, many

patients, such as elderiy patients, patients having recently undergone other surgical
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procedures, patients with comorbid medical conditions, children, late-stage heart failure
patients, and the like, are often considered too high-risk to undergo heart valve surgery and
are relegated to progressive deterioration and cardiac enlargement. Ofcen, such patients have
no feasible alternative treatments for their heart valve conditions.

[0005] To obviate this situation, a number of devices and methods for repairing cardiac
valves in a less invasive manner have been described. Some devices provide for heart valve
repair through minimally invasive incisions or intravascularly, while others improve upon
open heart surgical procedures on beating hearts, stopped hearts or both. As mentioned
above, difficulties in performing minimally invasive intracardiac surgery include positioning
a minimally invasive treatment device in a desired location for performing a procedure and
effectively deploying a given treatment into or on the target cardiac tissue. In heart valve
repair procedures, for example, it is often essential for a physician to secure one or more
treatment devices to valve annulus tissue. Annular tissue tends to be more fibrous than
surrounding muscular or valve leaflet tissue, thus providing a more suitable location for
securing such treatment devices, such as anchors, to treat a heart valve. Positioning an
anchor deliver device in a desired location adjacent the annular tissue may often be
challenging, especially in an intravascular procedure when visualization of the location is
limited.

[0006] Devices and methods that address these difficulties are described in U.S. Patent
Application Serial Nos. 10/792,681, 10/741,130, 10/656,797, 10/461,043, 60/388,935,
60/429,288, 60/445,890, 60/462,502 and 60/524,622, which were previously incorporated by
reference. For.example, these references describe devices and methods for exposing,
stabilizing and/or performing a procedure on a heart valve annulus, such as a mitral valve
annulus. Many of the devices and methods previously described by the inventors have been
found to be highly effective, but improvements are still being sought.

[0007] Therefore, it would be beneficial to have improved methods, devices and systems
for enhancing heart valve annulus treatment procedures. Ideally, such methods, devices and
systems would facilitate positioning of one or more devices in a left ventricle or elsewhere
for performing a procedure on a heart valve annulus, visualizing the annulus and/or the like.
Additionally, such methods, devices and systems would ideally be introduced intravascularly.

At least some of these objectives will be met by the present invention.

[0008] 2. Description of the Background Art. Published U.S. Application Nos.
2002/0156526, 2003/0220685, 2004/0019378, 2004/0003819, 2004/0030382 and
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2004/0039442, and U.S. Patent Nos. 6,629,534 and 6,619,291 describe catheter-based
methods for performing annuloplasty. Published U.S. Application 2002/0042621 describes a
heart valve annuloplasty system with constrictable plication bands which are optionally
attached to a linkage strip. Published U.S. Application 2002/0087169 describes a remote
controlled catheter system which can be used to deliver anchors and a tether for performing
an annuloplasty procedure. Other patent publications of interest include WO01/26586;
US2001/0005787; US2001/0014800; US2002/0013621; US2002/0029080;
US2002/0035361; US2002/0042621; US2002/0095167; and US2003/0074012. U.S. patents
of interest include 4,014,492; 4,042,979; 4,043,504; 4,055,861, 4,700,250; 5,366,479;
5,450,860; 5,571,215; 5,674,279; 5,709,695; 5,752,518; 5,848,969;5,860,992; 5,904,651;
5,961,539; 5,972,004; 6,165,183; 6,197,017; 6,250,308; 6,260,552; 6,283,993; 6,269,819;
6,312,447; 6,332,893; and 6,524,338. Publications of interest include De Simone et al.
(1993) Am. J. Cardiol. 73:721-722, and Downing et al. (2001) Heart Surgery Forum,
Abstract 7025. All of the above-cited references are hereby incorporated by reference in the

present application.
BRIEF SUMMARY OF THE INVENTION

[0009] Devices, systems and methods of the present invention are generally used to
facilitate transvascular, minimally invasive and other "less invasive" surgical procedures, by
facilitating the delivery of treatment devices at a treatment site. "Less invasive," for the
“purposes of this application, means any procedure that is less invasive than traditional, large-
incision, open surgical procedures. Thus, a less invasive procedure may be an open surgical
procedure involving one or more relatively small incisions, a procedure performed via
transvascular percutaneous access, a transvascular procedure via cut-down, a laparoscopic or
other endoscopic procedure, or the like. Generally, any procedurein which a goal is to
minimize or reduce invasiveness to the patient may be considered less invasive.
Furthermore, although the terms "less invasive" and "minimally invasive" may sometimes be
used interchangeably in this application, neither these nor terms used to describe a particular
subset of surgical or other procedures should be interpreted to limit the scope of the
invention. Generally, devices and methods of the invention may be used in performing or
enhancing any suitable procedure.
[0010] The present application typically describes devices, systems and methods for
performing heart valve repair procedures, and more specifically heart valve annuloplasty

procedures such as mitral valve annuloplasty to treat mitral regurgitation. Devices and
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methods of the invention, however, may be used in any suitable procedure, both cardiac and
non-cardiac. For example, they may be used in procedures to repair any heart valve, to repair
an atrial-septal defect, to access and possibly perform a valve repair or other procedure from
(or through) the coronary sinus, to place one or more pacemaker leads, to perform a cardiac
ablation procedure such as ablating around pulmonary veins to treat atrial fibrillation, and/or
the like. In other embodiments, the devices and methods may be used to enhance a
laparoscopic or other endoscopic procedure on any part of the body, such as the bladder,
stomach, gastroesophageal junction, vaséulature, gall bladder, or the like. Therefore,
although the following description typically focuses on mitral valve and other heart valve
repair, such description should not be interpreted to limit the scope of the invention as
defined by the claims.

[0011] That being said, the present invention generally provides devices, systems and
methods for enhanced treatment of a cardiac valve annulus such as a mitral valve annulus.
Methods generally involve contacting an anchor delivery device with a length of a valve
annulus, delivering a plurality of coupled anchors from the anchor delivery device to secure
the anchors to the annulus, and drawing the anchors together to circumferentially tighten the
annulus. One device generally includes an elongate catheter having a housing at or near the
distal end for releasably housing a plurality of coupled anchors. The device may be
positioned such that the housing abuts or is close to valve annular tissue, such és at an
intersection of the left ventricular wall and one or more mitral valve leaflets of the heart.
Some embodiments include self-securing anchors, which may change from undeployed to
deployed configurations. Anchors may be drawn together to tighten the annulus by cinching
a tether slidably coupled with the anchors and/or by a self-deforming member coupled with
the anchors. Another device includes a steerable guide catheter for helping position the
anchor delivery device for treating a valve annulus.

[0012] In many cases, methods of the present invention will be performed on a
beating heart. Access to the beating heart may be accomplished by any available technique,
including intravascular, transthoracic, and the like. Intravascular access to a heart valve may
be achieved using any suitable route or method. To perform a procedure on a mitral valve,
for example, in one embodiment a catheter may be advanced through a femoral artery, to the
aorta, and into the left ventricle of the heart, to contact a length of the mitral valve.
Alternatively, access may be gained through the venous system, to a central vein, into the

right atrium of the heart, and across the interatrial septum to the left side of the heart to
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contact a length of the mitral valve. In either of these two types of intravascular access, the
catheter will often easily be advanced, once it enters the left side of the heart, into a space
defined by the left ventricular wall, one or more mitral valve leaflets, and chordae tendineae
of the left ventricle. This space provides a convenient conduit for further advancement of the
catheter to a desired location for performing mitral valve repair. In alternative embodiments,
a catheter device may access the coronary sinus and a valve procedure may be performed
directly from the sinus. Furthermore, in addition to beating heart access, methods of the
present invention may be used for intravascular stopped heart access as well as stopped heart
open chest procedures. Any suitable intravascular or other access method is contemplated
within the scope of the invention.

[0013] According to one aspect of the present invention, a device for applying coupled
anchors to an annulus of a heart valve comprises: an elongate shaft having a proximal end
and a distal end; a housing adjacent the distal end; a plurality of coupled anchors disposed
within the housing; at least one anchor contacting member for causing the anchors to be
delivered from the housing; and at least one actuator at or near the proximal end of the shaft
for affecting the anchor contacting member to cause delivery of the anchors to the valve
annulus.

[0014] In some embodiments, the elongate shaft comprises a flexible catheter which 1s
advancable intravascularly to the heart. In a preferred embodiment, a flexible elongate shaft
has a diameter of about 5 French (1.67 mm) or less and deploys anchors having a radius, |
when deployed, of about 3 mm or more. The housing itself may house any suvitable number
of anchors. In one embodiment, for example, the housing holds between 1 anchor and 20
anchors, and more preferably about 3-10 anchors, and in one embodiment 10 anchors. Also
in some embodiments, the housing is sufficiently flexible to allow the housing to conform to
the annulus. For example, the housing may conform to the annulus at an intersection of a left
ventricular wall and one or more mitral valve leaflets of the heart. The housing may thus be
positioned or advanced through the subvalvular space as discussed above. In some
embodiments, the housing is coupled with an actuator for deforming the housing to conform
it to the annultus. The housing may have any suitable configuration, but in some
embodiments it has a cross section with a shape that is roughly semi-circular, circular, oval,
part of an oval, a partial or complete ellipse, or the like. For example, a housing with an
elliptical shape may sometimes be used to help ensure that an anchor delivering surface of the

housing comes into contact with the annular tissue. In various embodiments, the housing
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may have one or multiple openings for allowing egress of the anchors. In one embodiment,
for example, the housing has multiple openings, each opening suitable for egress of one
anchor.

[0015]  In some embodiments, the housing includes a shape-changing portion, typically a
distal portion. Such embodiments may further include a first tensioning cord coupled with
the shape-changing portion for applying tension to the shape-changing portion to cause it to
bend in at least a first direction. Optionally, a second tensioning cord may be coupled with
the shape-changing portion for applying tension to the shape-changing portion to cause it to
bend in at least a second direction. The first direction, for example, may be approximately a
C-shape for conforming to the annulus and the second direction comprises an upward or
proximal direction for applying force to the annulus. In some embodiments, the shape-
changing portion includes multiple notches along at least one side to control bending into a
curve which conforms to the shape of the annulus. Alternatively, the shape-changing portion
may comprise multiple stacked segments coupled with at least the first tensioning member to
control bending into the shape of the annulus. In other embodiments, the shape-changing
portion comprises a shape-memory material configured to conform to the shape of the
annulus. In some embodiments, the shape-changing portion further comprises at least one
lumen for introducing a fluid to cause the shape-memory material to conform to the'shape of
the annulus. The distal portion of the housing may alternatively be coupled with a shaped
expandable balloon for deforming the distal portion. In some embodiments, the housing méy
be coupled with an expandable member such that when the expandable member expands, it
helps wedge, drive or press the housing against valve annulus tissue. For example, such an
expandable member may help to wedge a housing into the corner formed by a ventricular
wall and a valve leaflet.

[0016] As explained above, anchors of the device may have any suitable shape, size and
properties and may be made of any suitable materials. Anchors may be self-deforming in
some embodiments, thus having an undeployed shape when constrained in the housing of the
delivery device and assuming a deployed shape after release from the housing. In one
embodiment, each of the plurality of coupled anchors has a generally straight configuration,
with two sharpened tips and a loop between the two. Upon deployment, such an anchor may
curve, with each tip curving in an opposite direction to bite into tissue. The loop, in turn,
may act as an eye for a tether. In another embodiment, each anchor may have a C-shaped or

semicircular undeployed shape and an overlapping circle or key ring deployed shape. In such
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an embodiment, the open ends of the C are typically sharpened, to enable the anchor to enter
tissue of a valve annulus. As the C-shaped anchor contacts and enters the tissue, it also
closes, and the ends overlap to form a circle or key-ring-shaped deployed anchor. Such an
anchor may be applied such that it rests flush with the surface of the annular tissue without
protruding sharp ends or other parts. The anchors may be made of Nitinol, shape-memory
stainless steel, or any other super-elastic or shape-memory material. Alternatively, the
anchors may be spring loaded or otherwise housed within the housing so as to change from
an undeployed to a deployed shape upon release from the housing.

[0017] In some embodiments, the anchors are slidably coupled with a tether. In such
embodiments, each of the plurality of anchors may include at least one eyelet, with the tether
slidably passing through the eyelet of each anchor. Alternatively, the tether may extend
along the anchors to be positioned between the anchors and annular tissue upon deployment.
In other embodiments, the anchors may be coupled by a self-deforming coupling member
fixedly coupled with each anchor. For example, the coupling member (or "backbone") may
comprise a Nitinol member having an undeployed shape approximating a straight line and a
deployed shape of a line having multiple bends. Upon changing from the undeployed shaped
to the deployed shape, the coupling member may cinch the anchors to circumferentially
tighten the valve annulus. Some embodiments may include both a tether and a self-
deforming coupling member, with both being available to provide cinching of a valve
annulus.

[0018] In some embodiments, the at least one anchor contacting member comprises at
Jeast one retractable force applying device which, when retracted proximally relative to the
housing, sequentially contacts the anchors to apply force to the anchors such that they exit the
housing via at least one opening in the housing. Such a force applying device, for example,
may comprise a ball, plate, anchor, hook, plunger or the like, coupled with a cord, wire, tether
or the like. When the tether is pulled proximally, the ball contacts the distal-most anchor in
the delivery device and forces it out an opening in the device. When retracted further, the
ball then contacts the next anchor, forcing it out, and so on. In alternative embodiments, the
at least one anchor contacting member comprises at least one movable retaining member.
For example, such a movable retaining member may comprise one or more anchor retaining
mandrels, slidably disposed in the housing so that retracting the mandrel(s) releases one or
more of the anchors. Sometimes, for example, two mandrels are positioned in the housing to

retain two arms of each-anchor, for example when the undeployed shape of each anchor is
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approximately a C-shape or semicircle. The mandrel (or mandrels) may typically be retracted
to release anchors one at a time, in groups, or all at once.

[0019] In some embodiments, the at least one actuator includes means for cinching the
coupled anchors to reduce the circumference of the valve annulus. Such an actuator may
comprise, for example, a trigger, a handle, a plunger, a squeeze-activated device, a syringe-
grip device, a foot-operated device, or the like. Some embodiments of the device also include
at least one expandable member disposed within the housing for pushing the anchors out of
the housing. |

[0020]  In yet another aspect of the invention, a device for applying multiple tethered
anchors to an annulus of a heart valve comprises: a flexible elongate catheter having a distal
portion for delivering the tethered anchors, the distal portion having a cross-sectional
diameter of about 1.67 mm or less; a plurality of tethered anchors disposed within the distal
portion, each anchor having a radius of at least about 3 mm when deployed from the housing; |
and at least one anchor delivery member coupled with the catheter for causing the anchors to
be delivered from the catheter.

[0021] In another aspect of the invention, a self-securing anchor for attaching to annular
tissue of a heart valve comprises a super-elastic or shape-memory material having a relatively
elongate undeployed shape allowing the anchor to be disposed within a delivery catheter
having a cross-sectional diameter of 1.67 mm or less, and assuming a deployed shape with a
radius of at least 3 mm upon its release from the delivery device. Geﬂerally, such an anchor
may have two sharpened tips of the anchor curve in opposite directions when the anchor is
released from the delivery device. Optionally, the anchor may include an eyelet disposed
between the two sharpened tips.

[0022] In still another aspect of the present invention, a self-securing anchor for attaching
to annular tissue of a heart valve comprises a shape-meimory material having an opened
arcuate undeployed shape and assuming a closed shape with overlapping ends after release
from constraint. The undeployed and deployed shapes may be any suitable shapes. In one
embodiment, for example, the undeployed shape is approximately a C-shape or semicircle
having two sharpened ends, and the deployed shape is a closed circle in which the two ends
overlap. In some embodiments, the anchor is configured to lie flush with the annular tissue
when secured to the tissue. Any super-elastic or shape-memory material may be used to form

the anchor, such as Nitinol or any other suitable material.
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[0023]  According to a further aspect of the present invention, an anchor assembly for use
within a patient includes: a catheter-type housing, having an open interior, constructed to be
passable through a blood vessel and into a heart; a series of tissue-engageable anchors
removably housed within the housing, the anchors comprising a distal anchor and a proximal
anchor within the open interior of the housing; and a tether serially coupling the anchors to
one another. In one embodiment, at least a portion of the housing is flexible. Such an
embodiment may optionally further include means for urging the flexible portion of the
housing from a first configuration to a second, radially outwardly expanded, curved
configuration. In some embodiments, the housing is steerable.

[0024] In some embodiments, the distal anchor is fixed to the tether and the proximal
anchor is slidably coupled to the tether. Also in some embodiments, the tether may be
located substantially external of the catheter-type housing. In one embodiment, the anchors
ate self-forming and self-securing. In one embodiment, at least one of the anchors comprises
a bioactive agent. Alternatively, at least one of the anchors may comprise an electrode. For
example, such an electrode may sense at least one of impedance, temperature, and electrical
signals. In another embodiment, the electrodé comprises an energy-application electrode to
supply energy to tissue at least one of ablation and sub-ablation amounts.

[0025] In another aspect of the present invention, an anchor assembly for use within a
patient includes: a catheter-type housing, having an open interior, constructed to be passable
through a blood vessel and into a heart, at Jeast a portion of the housing being flexible; means
for urging the flexible portion of the housing from a first configuration to a second, radially
outwardly expanded, curved configuration; a series of tissue-engageable anchors removably
housed within the open interior of the housing, the anchors comprising a distal anchor fixed
to the tether and a proximal anchor slidably coupled to the tether; the anchors being self-
forming and self-securing anchors; and a tether serially coupling the anchors to one another.
[0026] In another aspect of the invention, an anchor device for use within a patient
includes: an elongaté housing having a longitudinal axis; a self-forming tissue-engageable
anchor carried by and deployable from of the housing; the anchor having a first part and a
second part, the second part having a tissue-piercing tip; the anchor placeable in a relatively
straight, undeployed state generally paralle] to the longitudinal axis when carried by the
housing; and the anchor naturally assuming a curved, tissue-engaging deployed state after
being deployed from the housing. In one embodiment, the elongate housing has an open

interior; the anchor is carried within and deployable from the open interior; and the housing
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has an opening sized for passage of the anchor therethrough when the anchor is deployed
from the housing.

[0027] Optionally, at least a portion of the elongate housing may be flexible. In some
embodiments, the elongate housing is steerable. In one embodiment, the anchor comprises
the first part and at least two of the second parts extending from the first part. In one
embodiment, for example, the second parts extend in directions generally opposite one
another when in the deployed state. In one such embodiment, the second parts of said anchor
have generally circular or semicircular shapes when in the deployed state.

[0028] In some embodiments, the anchor is oriented generally perpendicular to the
longitudinal axis when in the deployed state. Also in some embodiments, the second part of
the anchor may have a generally circular or semicircular shape when in the deployed state. In
some embodiments, the device may further comprise a series of the anchors, the anchors
comprising a distal anchor and a proximal anchor, and a tether serially coupling the anchors
to one another. In some embodiments, the housing has the diametrical dimension d and the
anchor in the deployed state has a diametrical dimension D, and the ratio of D to d is at least
about 3.5. In other embodiments, the ratio of D to d is at least about 4.4, and more preferably
at least about 7, and even more preferably at least about 8.8. As mentioned above, in some
embodiments, the anchor may comprise a bioactive agent or electrode.

[0029] In another aspect of the present invention, a tissue anchor assembly comprises: an
anchor comprising: a base and a resilient, self-forming, tissue-engaging porﬁon extending
from the base, the tissue-engaging portion comprising a tissue-piercing tip; the tissue-
engaging portion movable between a curved, unrestrained state and a restrained state; a
coupling element coupled to the anchor; a housing; and the anchor releasably mounted to the
housing with the tissue—eﬁgaging portion in the restrained state, the tissue-engaging portion
transferable from the restrained state to the unrestrained state when the anchor is released
from the housing so that the tissue-piercing tip passing into tissue secures the anchor to the
tissue as the tissue-engaging portion moves to the curved, unrestrained state without any
further force applied to the anchor.

[0030] In some embodiments, the tissue-engaging portion has a generally circular or
semicircular shape when in the unrestrained state. In some embodiments, the tissue-engaging
portion is straightened when in the restrained state. Optionally, the anchor may comprise first
and second of the tissue-engaging portions. For example, in one embodiment, the first tissue-

engaging portion comprises a hook. In another embodiment, each of the first and second
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tissue-engaging portions comprises a hook. In such an embodiment, for example, the hooks
may extend in directions generally opposite one another when in the unrestrained state.

Other tissue-engaging portions may also extend in directions generally opposite one another
when in the unrestrained state.

[0031] In some embodiments, the coupling element comprises a tether coupled to the
base of the anchor. In one embodiment, the tether is slidably coupled to the base of the
anchor. In another embodiment, the coupling element comprises a flexible string-like
element. In such embodiments, the housing may comprise a tubular housing. Optionally, the
anchor may be releasably mounted within the tubular housing. Optionally, the device may
further include a plurality of anchors with the coupling element coupled to each anchor. In
some embodiments, at least one anchor is slidably coupled to the coupling element and
another of the anchors is fastened to the coupling element.

[0032] In another aspect of the present invention, a tissue anchor assembly comprises: a
plurality of anchors, each anchor comprising a base and first and second self-forming, tissue-
engaging portions extending from the base, the tissue-engaging portions each comprising a
tissue-piercing tip; the tissue-engaging portions each movable between a curved, unrestrained
state and a straightened, restrained state; the tissue-engaging portions each having a generally
circular or semicircular shape when in the unrestrained state; a tether coupled to the bases of
the anchors; at least one said anchor being slidably coubled to the tether and another of said
anchors being fastened to the tether; a housing; and the anchors and tether being releasably
mounted to the housing with the tissue-engaging portions in the restrained state, the tissue-
engaging portions transferable from the restrained state to the unrestrained state when the
anchors and tether are released from the housing so that the tissue-piercing tips passing into
tissue secures the anchor to the tissue as the tissue-engaging portion moves to the curved,
unrestrained state without any further force applied to the anchor.

[0033] In another aspect of the invention, a tissue anchor assembly includes: an anchor
comprising a base and a resilient, self-forming, tissue-engaging port_ion extending from the
base, the tissue-engaging portion comprising a tissue-piercing tip; the tissue-engaging portion
movable between a curved, unrestrained state and a restrained state; a coupling element
coupled to the anchor; a housing; the anchor releasably mounted to the housing with the
tissue-engaging portion in the restrained state, the tissue-engaging portion transformable from
the restrained state to the unrestrained state when the anchor is released from the housing;

and the tissue-engaging portion comprising means for pulling the anchor into the tissue as the
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tissue-piercing tip passes into tissue and the tissue-engaging portion moves to the curved,
unrestrained state. In various embodiments, the assembly may include any of the features
described above.

[0034] In some embodiments, the assembly may further include a plurality of anchors
with the coupling element coupled to each anchor. In some embodiments, at least one anchor
is slidably coupled to the coupling element and another of said anchors is fastened to the
coupling element. In some embodiments, the anchor pulling means comprises means for
storing potential energy when in the restrained state. Again, in various embodiments the
anchor(s) may comprise a bioactive agent or an electrode. For example, the electrode may
sense at least one of impedance, temperature, and electrical signals. Alternatively, the
electrode may comprise an energy-application electrode to supply energy to tissue at least
one of ablation and sub-ablation amounts.

[0035] In another aspect of the present invention, a tissue anchor assembly includes: a
plurality of anchors, each anchor comprising a base and a first and second resilient, self-
forming, tissue-engaging portions extending from the base, the tissue-engaging portions each
comprising a tissue-piercing tip; the tissue-engaging portions each movable between a
curved, unrestrained state and a restrained state; the tissue-engaging portions each having a
generally circular or semicircular shape when in the unrestrained state; a coupling element
coupled to each of the anchors; a tubular housing; the anchors releasably mounted within the
housing with the tissue-engaging portions in the restrained state, the tissue-engaging portions
transformable from the restrained state to the unrestrained state when the anchors are released
from the housing; the tissue-engaging portions comprising means for pulling the anchors into
the tissue as the tissue-piercing tips pass into tissue and the tissue-engaging portions move to
the curved, unrestrained states; and the anchor pulling means comprising means for storing
potential energy when in the restrained state.

[0036] According to another aspect of the present invention, an anchor device for use
within a patient includes: an elongate carrier constructed to be passable through a blood
vessel and into a heart; a series of tissue-engageable anchors releasably carried by the
elongate carrier, the anchors comprising a distal anchor, a first intermediate anchor and a
proximal anchor; a tether serially coupling the anchors to one another, the tether having a
distal end secured to the distal anchor or engageable with the distal anchor when the tether is
pulled in a proximal direction; at least the proximal anchor being slidably coupled to the

tether; and a separator positioned along the tether between adjacent ones of the anchors to
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restrict how close the adjacent ones of the anchors can come to one another when the tether is
placed in tension.

10037] In some embodiments, the elongate carrier comprises a catheter-type housing
having an open interior. 'For example, the anchors may in some embodiments be releasably
housed within the open interior of the housing. In some embodiments, the adjacent anchors
are the distal and first intermediate anchors. In some embodiments, the anchors are self-
forming and self-securing. Also in some embodiments, the separator comprises a generally
tubular member. In such embodiments, the tether may optionally pass through the generally
tubular member.

[0038] In some embodiments, the separator has a textured outer surface. Also in some
embodiments, the separator is nonporous. Alternatively, the separator may be porous. In one
embodiment, the porous separator comprises pores, and the pores are provided by cutouts
formed in the separator. In an alternative embodiment, the separator may be woven or
braided. Such a separator may be rigid in one embodiment. In some embodiments, the
separator is effectively axially incompressible. In alternative embodiments, the separator is
axially compressible from a first length to a second, compressed length. In some
embodiments, the axially compressible separators are joined to one another. In other
embodiments, the separator comprises first and second portions engaging the tether and a
third portion connecting the first and second portions. For example, the third portion may
extend to one side of and genérally parallel to the tether.

[0039] In one embodiment, the elongate carrier has a longitudinal axis; the anchors are
self-forming tissue-engageable anchors; the anchors each have a first part and a second part,
the second part having a tissue-piercing tip; the elongate carrier having openings sized for
passage of the anchors therethrough; the anchors placeable in a relatively straight,
undeployed state generally parallel to the longitudinal axis within the elongate carrier; and
the anchors naturally assuming a curved, tissue-engaging deployed state after passing through
the opening in the elongate carrier. In some of such embodiments, at least a portion of the
elongate carrier is flexible. Also in some embodiments, the elongate carrier is steerable. In
some embodiments, at least one of the anchors comprises the first part, and at least two of the
second parts extend from the first part. In such embodiments, the second parts may extend in
directions generally opposite one another when in the deployed state. The second parts, in

turn, may have generally circular or semicircular shapes when in the deployed state.
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[0040] In some embodiments, the anchors are oriented generally perpendicular to the
longitudinal axis when in the deployed state. In some embodiments, each anchor has a
generally circular or semicircular shape when in the deployed state. In one embodiment, the
elongate carrier has a diametrical dimension d and the anchors in the deployed state have a
diametrical dimension D, and the ratio of D to d is at least about 3.5. In other embodiments,
the ratio of D to d is at least about 4.4, and more preferably at least about 7, and even more
preferably at least about 8.8. In some embodiments, the elongate carrier comprises proximal
and distal portions, the anchors being carried by the distal portion, the distal portion being
releasable from the proximal portions, the distal portion being pierceable by the anchors.
[0041] In another aspect of the present invention, an anchor device for use within a
patient comprises: an elongate carrier, having a longitudinal axis, constructed to be passable
through a blood vessel and into a heart, at least a portion of the elongate carrier being
flexible; a series of self-forming, tissue-engageable anchors releasably carried by the elongate
carrier, the anchors comprising a distal anchor, a first intermediate anchor and a proximal
anchor; the anchors each having a first part and at least two second parts extending from the
first part, each second part having a tissue-piercing tip; the elongate carrier having openings
sized for passage of the anchors therethrough; the anchors placeable in a relatively straight,
undeployed state generally parallel to the longitudinal axis within the elongate carrier; the
anchors naturally assuming a curved, tissue-engaging deployed state after passing through the
opening in the elongate carrier; the second parts having generally circular or semicircular
shapes when in the deployed state; the anchors being oriented generally perpendicular to the
longitudinal axis when in the deployed state; the elongate carrier having a diametrical
dimension d and the anchors in the deployed state having a diametrical dimension D, the ratio
of D to d being at least 3.5; a tether serially coupling the anchors to one another, the tether
having a distal end secured to the distal anchor or engageable with the distal anchor when the
tether is pulled in a proximal direction; at least the proximal anchor being slidably coupled to
the tether; and a separator positioned along the tether between adjacent ones of the anchors to
restrict how close the adjacent ones of the anchors can come to one another when the tether is
placed in tension.

[0042] According to another aspect of the present invention, a device for facilitating
placement of one or more devices in contact with a heart valve annulus comprises: an
elongate catheter body having a proximal portion and a distal j;)ortion; at least one tensioning

member coupled with the proximal portion of the catheter body and extending to the distal
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portion; and at least one tensioning actuator coupled with the proximal portion and the
tensioning member for applying tension to the tensioning member to deform the distal
portion to allow it to conform generally to a shape of the valve annulus. Typically, the
catheter body may be advanced intravascularly to the heart to contact the annulus. In some
embodiments, for example, the catheter body may be advanced through an aorta and into a
left ventricle of the heart to contact the valve annulus.

[0043] In some embodiments, the proximal portion of the catheter body is relatively stiff
compared to the distal portion. Also in some embodiments, the catheter body further
comprises a rounded, atraumatic distal tip. The catheter body may optionally further include
at least one radiopaque portion at or near the distal tip for enhancing visualization. The
catheter body may also include at least one lumen extending through the proximal and distal
portions for passing one or more fluids.

[0044] In some embodiments, the at least one tensioning member comprises two
tensioning members, allowing the distal portion to be deformed in at least two different
directions. The at least one tensioning member may be made of an suitable material, such as
but not limited to Nitinol, polyester, nylon, polypropylene and/or other polymers. The at
least one tensioning actuator, in some embodiments, comprises a knob coupled with the
tensioning member, wherein turning the knob in one direction applies tension to the
tensioning member to deform the distal portion, and wherein turning the knob in an opposite
direction releases tension from the tensioning member to return to the distal portion to a less
deformed configuration.

[0045] Some embodiments of the device further include at least one urging member
coupled with the distal portion of the catheter body for urging the distal portion into contact
with the valve annulus. For example, the at least one urging member may comprise an
expandable member for expanding within a space in a left ventricle formed by a left
ventricular wall, at least one mitral valve leaflet and chordae tendiniae of the heart. In an
alternative embodiment, the at least one urging member comprises at least one magnet
coupled with the distal portion for applying attractive magnetic force between itself and an
oppositely charged magnet disposed in a coronary sinus adjacent the valve annulus.

[0046] Some embodiments further include a housing coupled with the proximal end of
the catheter body, wherein the tensioning actuator is coupled with the housing. Optionally,
the housing may further comprise at least one fluid inlet port in fluid communication with at

least one lumen in the elongate shaft for introducing one or more fluids into the lumen(s).
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[0047]  In another aspect of the present invention, a system for facilitating placement of
one or more devices in contact with a heart valve annulus includes: a shaped guide catheter
having at least one curve toward a distal end for positioning the distal end in a position below
the mitral valve; a steerable guide cathetf;r passable through the shaped guide catheter and
having a steerable distal end for advancing around a length of the valve annulus below the
mitral valve; and a guide sheath passable over the steerable guide catheter through the shaped
guide catheter, wherein the one or more devices are passable through the guide sheath to
contact the mitral valve annulus. Generally, the shaped guide catheter, steerable guide
catheter and guide sheath may have any of the various functions and features described
above, in various embodiments.
[0048] In one embodiment, for example, the shaped guide catheter includes a proximal
curve approximately perpendicular to a central axis of the shaped guide catheter for bringing
the distal end of the catheter into a plane approximately parallel with a plane of the mitral
valve and a distal curve having a radius of curvature approximately the same as a radius of
curvature of the mitral valve annulus. In one embodiment, the steerable guide catheter
comprises: an elongate catheter body having a proximal portion and a distal portion; at least
one tensioning member coupled with the proximal portion of the catheter body and extending
to the distal portion; and at least one tensioning actuator coupled with the proximal portion
and the tensioning member for applying tension to the tensioning member to deform the
distal portion to allow it to conform generally to a shape of the valve annulus. In various
embodiment, this steerable guide catheter may have any of the features of the catheter device
described above.
[0049] In some embodiments of the system, a distal portion of the guide sheath is
detachable from a proximal portion of the guide sheath to remain in attached to the valve
annulus after an annulus treatment procedure. For example, the detachable distal portion may
comprise a tubular member comprising Dacron or the like. In some embodiments, the
detachable distal portion is cinchable to tighten the mitral valve annulus.
[0050] In some embodiments, the system may further include at least one urging member
coupled with at least one of the shaped guide catheter, the steerable guide catheter and the

| guide sheath. For example, the urging member may comprise an expandable member for
expanding within a space in a left ventricle formed by a left ventricular wall, at least one
mitral valve leaflet and chordae tendiniae of the heart. Alternatively, the urging member may

comprise at least one magnet coupled with at least one of the shaped guide catheter, the
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steerable guide catheter and the guide sheath for applying attractive magnetic force between
itself and an oppositely charged magnet disposed in a coronary sinus adjacent the valve
annulus.

[0051] Any suitable device or combination of devices may be advanced into contact with
. the mitral valve annulus in various embodiments. In some embodiments, for example, the
system includes an anchor delivery device passable through the guide sheath to contact and
apply coupled anchors to the mitral valve annulus. The system may additionally or
alternatively include a visualization device passable through the guide sheath to facilitate
visualization of the mitral valve annulus. For example, the visualization device may
comprise, but is not limited to, an ultrasound device, a camera, an endoscope or a fiber optic
device.

[0052] According to a further aspect of the present invention, a device for performing a
procedure on heart valve annulus includes: a ﬂexibie, elongate catheter having a proximal
portion and a shaped distal portion, the distal portion having at least one aperture for allowing
passage of tissue anchors; multiple tissue anchors releasably housed in the shaped distal
portion; at least one cinchable tether slidably coupled with the tissue anchors; and at least one
anchor delivery member housed in the distal portion for delivering the anchors out of the at
least one aperture to engage tissue of the valve annulus.

[0053] In some embodiments, the shaped distal portion comprises at least a first curve.
The first curve may have any suitable shape, radius of curvature or the like, such as in one
embodiment where the first curve has a radius of curvature between 1.27 cm and 3.81 cm. In
some embodiments, the shaped distal portion further comprises a second curve. The first and
second curves may be adapted to orient a distal-most portion of the catheter at an angle of
between 45° and 90°, relative to the proximal portion of the catheter immediately adjacent the
distal portion. In some embodiments, the second curve has a radius of curvature |
approximating a radius of curvature of the heart valve. In an alternative embodiment, the
second curve has a radius of curvature greater than a radius of curvature of the heart valve,
wherein the greater radius of curvature causes the distal portion to press outward against the
valve annulus. Optionally, at least one of the first and second curves may have the same
shape as a corresponding curve in a guide catheter used for delivering the elongate catheter
into contact with the valve annulus. For example, first and second curves in the elongate

catheter may correspond to first and second corresponding curves in the guide catheter. In
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such embodiments, the elongate catheter, when advanced through the guide catheter, is
oriented such that the at least one aperture contacts the valve annulus tissue.

[0054] Some embodiments of the device further include at least one stabilizing member
coupled with the elongate catheter for maintaining the distal portion in contact with valve
annulus tissue. In some embodiments, for example, the stabilizing member comprises a
spiral-shaped member extending from the distal portion to press against heart wall tissue, thus
urging the distal portion against the annulus tissue. Optionally, a distal end of the spiral-
shaped member may be adapted to engage and press against a junction of one or more
papillary muscles and heart wall tissue. In other embodiments, the stabilizing member
comprises an arch-shaped shape-memory or spring-loaded member extending from the distal
portion to press against heart wall tissue, thus urging the distal portion against the annulus
tissue. In one embodiment, a portion of the arch-shaped member is adapted to engage and
press against a junction of one or more papillary muscles and heart wall tissue. The device
may optionally further include an expandable member coupled with the arch-shaped member
for inflating to further press against the heart wall tissue. In other embodiment, the
stabilizing member comprises multiple springs extending from the distal portion to press
against heart wall tissue, thus urging the distal portion against the annulus tissue.
Alternatively, the stabilizing member may include a curved balloon coupled with the distal
portion of the catheter, the curved balloon having a greater radius of curvature than a radius
of curvature of the valve annulus. Inflating the balloon thus urges the distal portion against
the annulus tissue.

[0055] In some embodiments, the device further includes at least one termination member
for enhancing attachment of a terminal tissue anchor to the heart valve annulus. In some
embodiment, the termination member is slidably couplable with the tether. In some
embodiments, the termination member is coupled with the tether via a termination catheter
device. The termination member may include, for example, at least one deployable tissue
attachment member deployable from a retracted configuration for delivery to an expanded
configuration for attachment to the valve annulus tissue. The tissue attachment members may
include a plurality of members, such as but not limited to barbs, points, needles, hooks, tines,
rakes, wires, teeth and/or the like. In some embodiments, the tissue attachment members
comprise a shape-memory or super-elastic material. The tissue attachment members may, for

example, be disposed circumferentially about a cylindrical member adapted to slide over the
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tether. Alternatively, the tissue attachment members may be disposed along a portion of a
cylindrical member adapted to slide over the tether.

[0056] In some embodiments, the tissue attachment members further include a pusher for
pushing the tissue attachment member out of the elongate catheter and into the valve annulus
tissue. In some embodiments, the tissue attachment members are adapted to engage the
terminal tissue anchor. In one embodiment, the tissue attachment members are adapted to
enter into the valve annulus tissue in a direction from the terminal tissue anchor toward the
other tissue anchors. Optionally, the tissue attachment members may further include a fiber,
matrix, textile or mesh disposed on at least a portion of the tissue attachment member for
enhancing tissue in-growth over the tissue attachment member.

[0057] In some embodiments, each of the tissue anchors comprises at least one tissue
engagement feature for preventing the anchors from being pulled out of the valve annulus
tissue when the tether is cinched. For example, the tissue engagement feature(s) may include
a barb on each end of each tissue anchor. Such a barb may face inward toward a center of the
anchor or outward away from the center. In another embodiment, the tissue engagement
features comprise a plurality of bends in each anchor. Optionally, each of the tissue anchors
may include at least one support member for preventing the anchors from being pulled out of
the valve annulus tissue when the tether is cinched. For example, the support member may
comprise an attachment point of one arm of each anchor to another arm of each anchor, the
attachment point positioned adjacent an eyélet of the anchor. Optionally, a constraining
member may be disposed over the attachment point to provide further support. The
constraining member may include, for example, a band, tie, sleeve, belt or the like. In some
embodiments of the device, each of the tissue anchors comprises at least one tissue adhesion
feature adapted to enhance attachment of the tissue anchors to the valve annulus tissue. For
example, the tissue adhesion feature may comprise one or more materials disposed over at
least part of each anchor, the material(s) selected to promote encapsulation of the anchors
within the valve annulus tissue. In one embodiment, the anchor delivery member comprises
an anchor contacting member for contacting and urging the anchors out of the at least one
aperture and a pull cord coupled with the anchor contacting member for applying force to the
anchor contacting member to contact and urge the anchors.

[0058] In another aspect of the invention, a device for constricting a valve annulus in a
heart includes a plurality of slidably coupled tissue anchors, each anchor including at least

one tissue attachment feature for enthancing attachment of the anchor to valve annulus tissue,
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and at least one cinchable tether slidably coupled with at least some of the tissue anchors and
fixedly attached to at least a first of the anchors. ‘The tissue attachment features may
comprise any of a number of suitable features. In one embodiment, for example, a surface
feature is included along at least a portion of each anchor, such as a porous, textured or
coated surface. In other embodiments, the attachment feature comprises at least one circular
or hooked portion of each anchor having a small radius of curvature. Alternatively or
additionally, the attachment feature may comprise a barb at each end of each anchor.

[0059] According to another aspect of the present invention, a catheter assembly -
includes: a guide sheath having a guide sheath axis; an elongate device slidably extendable
within the guide sheath, the elongate device having an elongate device axis; the guide sheath
comprising a sheath orientation portion placeable in a chosen shape; and the elongate device
comprising a device orientation portion placeable in said chosen shape. In this aspect of the
invention, the chosen shape of the sheath and device orientation portions tend to cause the
sheath and device orientation portions to assume complementary rotary orientations when the
sheath and device orientation portions are axially aligned.

[0060]>:“‘ -.In some embodiments, at least a chosen one of the guide sheath and elongate
device are steerable. In some embodiments, the sheath orientation portion is located at a
distal end of the guide sheath. Also in some embodiments, the device orientation portion is
located at a position spaced apart from a distal end of the elongate device. In some
embodiments, the chosen shape comprises a first curved portion and a second curved portion.
In some embodiments, the chosen shape comprises a first curved portion in a first plane and a
second curved portion in a second plane. Alternatively, said chosen shape may comprise a
first curved portion in a first plane and a second curved portion in a second plane, said first
and second planes being different planes. In some embodiments, the sheath orientation
portion assumes the chosen shape when in a relaxed state. In some embodiments, the sheath
and device orientation portions each assume the chosen shape when in a relaxed state.

[0061]  Inanother aspect of the present invention, a method for creating a catheter
assembly having orientation-seeking inner and outer members comprises: selecting a first
chosen location for a sheath orientation portion of a sheath; selecting a second chosen
location for an elongate device orientation portion of an elongate device, the elongate device
slidably extendable within the guide sheath; creating the sheath orientation portion at the first
chosen location of the sheath, the sheath orientation portion placeable in a chosen shape; and

creating the elongate device orientation portion at the second chosen location of the sheath,
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the device orientation portion placeable in said chosen shape, whereby the chosen shape of
the sheath and device orientation portions tend to cause the sheath and 