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

(19) World Intellectual Property
Organization I

International Bureau (10) International Publication Number

(43) International Publication Date W O 2019/051587 A l
2 1 March 2019 (21.03.2019) W 1P O I PCT

(51) International Patent Classification: [IR/CA]; 40 Gerrard Street East, Apartment 2014, Toronto,
A61F2/24 (2006.01) A61B 17/00 (2006.01) Ontario M5B 2E8 (CA).

(21) International Application Number: (74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.;
PCT/CA2018/05 11 16 40 King Street West, 40th Floor, Toronto, Ontario M5H

3Y2 (CA).
(22) International Filing Date:

11 September 2018 ( 11.09.2018) (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(25) Filing Language: English
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(30) Priority Data: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
62/557,349 12 September 2017 (12.09.2017) US KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,

(72) Inventors; and MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(71) Applicants: CHEEMA, Asim [CA/CA]; 6652 Roth¬ OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

schild Trail, Mississauga, Ontario L5W 0A6 (CA). JAN- SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
ABI-SHARIFI, Farrokh [CA/CA]; 29 Foxwarren Drive, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
North York, Ontario M2K 1L1 (CA). TAGHD?OUR, Ata

(54) Title: APPARATUS AND SYSTEM FOR CHANGING MITRAL VALVE ANNULUS GEOMETRY

102

105 150b

FIG. 2A

(57) Abstract: Examples of an apparatus, system and method for changing a geometry of a mitral valve of a heart are described herein
jj^ In one example embodiment, the apparatus comprises an anchor having a body for positioning and anchoring within a coronary sinus

vein of the heart, The body has a first end and a second end that is spaced apart from the first end; a longitudinally extending axis; and
lC' a wall with an interior volume extending between the first and second ends, the interior volume being adapted for receiving a steerable
^ catheter. The apparatus also includes a first link member having a proximal end nearest to the anchor and a distal end spaced apart from
^ the proximal end. The proximal end of the first link member is coupled to the anchor by a joint configured to provide for movement

of the first link member in one direction relative to the anchor.

o

[Continued on nextpage]



W O 2019/051587 A l Illlll II lllll lllll lllll llllIII III lllll lllll lllll lllll lllll llll llll llll llll

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available) : ARIPO (BW, GH,
GM, KE, LR, LS, MW, ML, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:



TITLE: APPARATUS AND SYSTEM FOR CHANGING MITRAL VALVE ANNULUS
GEOMETRY

CROSS-REFERENCE

[0001] This application claims the benefit of United States Provisional Patent

Application No. 62/557,349, filed Sep. 12, 201 7 , and the entire content of United States

Provisional Patent Application No. 62/557,349 is hereby incorporated by reference.

FIELD

[0002] This disclosure relates generally to an apparatus and system for changing

geometry of a heart valve structure, and more specifically to an apparatus and system

for changing mitral valve annulus geometry through the coronary sinus vein.

BACKGROUND

[0003] The mitral valve is located in the left atrial ventricular opening between the

left atrium and left ventricle. The mitral valve provides for oxygenated blood to flow from

the left atrium to the left ventricle for distribution throughout the body. The structure of

the mitral valve includes posterior and anterior leaflets that are surrounded by a mitral

valve annulus. Chordae tendineae are thin fibrous strings connecting the posterior and

anterior leaflets to papillary muscles that, upon contraction of the left ventricle, close the

mitral valve. Correspondingly, relaxation of the left ventricle opens the mitral valve. A

healthy mitral valve is able to withstand considerable back pressure and prevent

regurgitation of blood from the left ventricle back into the left atrium as the left ventricle

contracts.

[0004] Mitral valve regurgitation is a heart disease that can arise from a variety of

different circumstances. For example, certain diseases may cause dilation of the mitral

valve annulus. This can result in deformation of the mitral valve geometry to cause

ineffective closure of the mitral valve during left ventricular contraction. Such ineffective



closure results in leakage through the mitral valve and regurgitation. Diseases such as

bacterial inflammations of the heart or heart failure can cause the aforementioned

distortion or dilation of the mitral valve annulus.

[0005] Several technologies have been developed that attempt to correct

distortion or dilation of the mitral valve annulus. Some of these technologies consist of

devices introduced into the coronary sinus vein to reduce the diameter of the mitral

annulus for improving ineffective closure of the valve.

[0006] However, one potential consequence of this mode of treatment using

conventional means is the compression of the left circumflex artery as it crosses the left

atrioventricular groove, which can reduce perfusion of blood to portions of the heart

supplied by the left circumflex artery.

SUMMARY

[0007] In accordance with one broad aspect of the teachings herein, there is

provided an apparatus for changing a geometry of a mitral valve annulus of a heart, the

apparatus comprising: an anchor having a body configured to be positioned within and

anchored to a coronary sinus vein of the heart, the body having: a first end and a

second end, the first end spaced apart from the second end; a longitudinally extending

axis; and a wall with an interior volume extending from the first end to the second end,

the interior volume being adapted for receiving a steerable catheter; and a first link

member having a proximal end nearest to the anchor and a distal end spaced apart

from the proximal end, the proximal end of the first link member being coupled to the

first end of the anchor by a first joint configured to provide for movement of the first link

member in one direction relative to the anchor.

[0008] In at least one embodiment, a second link member is provided, the second

link member having a proximal end nearest to the anchor and a distal end spaced apart

from the proximal end, the proximal end of the second link member being coupled to the



distal end of the first link member by a second joint configured to provide for movement

of the second link member in one direction relative to the first link member.

[0009] In at least one embodiment, one or more additional link members are

provided, each additional link member having a proximal end nearest the anchor and a

distal end spaced apart from the proximal end, the proximal end of each additional link

member being coupled to the distal end of an adjacent link member nearer to the

anchor by an additional joint configured to provide for movement of the additional link

member relative to the adjacent link member in one direction relative to the adjacent link

member.

[0010] In at least one embodiment, the first link member is movably coupled to

the anchor by a first actuating tendon and a first release tendon such that actuation of

the first actuating tendon controls the movement of the first link member in a first

direction towards the mitral valve annulus to apply a first force to the mitral valve

annulus.

[001 1] In at least one embodiment, the first joint is configured as a ratchet having

a first pawl and a first plurality of teeth, the first release tendon coupled to the first pawl

to release the first pawl from the first plurality of teeth.

[0012] In at least one embodiment, the second link member is movably coupled

to the anchor by a second actuating tendon and a second release tendon such that

actuation of the second actuating tendon controls the movement of the second link

member in a second direction towards the mitral valve annulus to apply a second force

to the mitral valve annulus.

[0013] In at least one embodiment, the second joint is configured as a second

ratchet having a second pawl and a second plurality of teeth, the second release tendon

coupled to the second pawl to release the second pawl from the second plurality of

teeth.



[0014] In at least one embodiment, the first actuating tendon is coupled to the

distal end of the first link member and the second actuating tendon is coupled to the

distal end of the second link member.

[0015] In at least one embodiment, the first actuating tendon has a first end

positioned inside of a first channel of the anchor.

[0016] In at least one embodiment, the first end of the first actuating tendon is

sized and shaped to be retained in the first channel.

[0017] In at least one embodiment, the first end of the first actuating tendon is

sized and shaped to provide for a grabbing portion of the steerable catheter to grab the

first end to actuate the first actuating tendon.

[0018] In at least one embodiment, the first actuating tendon extends through a

tendon support of the first link member towards the distal end of the first link member.

[0019] In at least one embodiment, the second actuating tendon extends through

the tendon support of the first link member towards the distal end of the second link

member.

[0020] In accordance with another broad aspect of the teachings herein, there is

provided a system for changing a geometry of a mitral valve annulus of a heart, the

system comprising: an apparatus comprising: an anchor having a body configured to be

positioned within and anchored to a coronary sinus vein of the heart, the body having: a

first end and a second end, the first end spaced apart from the second end; a

longitudinally extending axis; and a wall having an interior volume extending from the

first end to the second end; a first link member having a proximal end nearest to the

anchor and a distal end spaced apart from the proximal end, the proximal end of the

first link member being coupled to the first end of the anchor by a first joint configured to

provide for movement of the first link member in one direction relative to the anchor; and

a steerable catheter comprising: a catheter body; and a sub-catheter extending from the

catheter body, the sub-catheter being adapted to engage the first link member when the

sub-catheter is positioned in the interior volume of the anchor of the apparatus.



[0021] In at least one embodiment, the sub-catheter has a grabbing portion for

engaging an actuating tendon of the first link member when the sub-catheter is

positioned in the interior volume of the anchor of the apparatus.

[0022] In at least one embodiment, when the apparatus comprises additional link

members, the grabbing portion of the sub-catheter is also configured to engage the

additional link members.

[0023] In at least one embodiment, the apparatus further comprises a second link

member having a proximal end nearest to the anchor and a distal end spaced apart

from the proximal end, the proximal end of the second link member being movably

coupled to the distal end of the first link member by a second joint configured to provide

for movement of the second link member in one direction relative to the first link

member.

[0024] In at least one embodiment, the first link member is movably coupled to

the anchor by a first actuating tendon and a first release tendon such that actuation of

the first actuating tendon controls the movement of the first link member in a first

direction towards the mitral valve annulus to apply a first force to a portion of the mitral

valve annulus.

[0025] In at least one embodiment, upon engaging the first actuating tendon,

movement of the sub-catheter controls the movement of the first link member in a

direction towards the mitral valve annulus to control a magnitude of the first force

applied to a portion of the mitral valve annulus by controlling a position of the first link

member with respect to the portion of the mitral valve annulus.

[0026] In at least one embodiment, the anchor further comprises a tendon

channel and the sub-catheter engages the first actuating tendon within the tendon

channel.

[0027] In at least one embodiment, the anchor further comprises a guiding rail

having an opening and the catheter body comprises a guiding channel, the guiding



channel being sized and shaped to guide the guiding rail to align the sub-catheter into

the tendon channel as the sub-catheter extends into the anchor.

[0028] In accordance with another broad aspect of the teachings herein, there is

provided a steerable catheter for engaging an apparatus, described in accordance with

any of the teachings herein, for changing mitral valve geometry of a heart. The

steerable catheter includes a catheter body and a sub-catheter extending from the

catheter body. The sub-catheter has a grabbing portion for engaging a tendon of the

apparatus when the sub-catheter is inserted into an interior volume of an anchor of the

apparatus.

[0029] In at least one embodiment, the grabbing portion extends from the sub-

catheter to engage a tendon head to engage the tendon.

[0030] In at least one embodiment, the grabbing portion is complementary in

shape to the tendon head to engage the tendon head.

[0031] In at least one embodiment, the steerable catheter further comprises a

guiding channel configured to receive a guiding rail of the anchor of the apparatus to

align the sub-catheter with the tendon when the sub-catheter is inserted into an interior

volume of an anchor of the apparatus.

[0032] In accordance with another broad aspect of the teachings herein, there is

provided a method of changing a geometry of a mitral valve annulus of a heart. The

method includes implanting an apparatus into a coronary sinus vein of the heart, the

apparatus including an anchor having a body, the body having a first end and a second

end, the first end spaced apart from the second end; a longitudinally extending axis; and

a wall having an interior volume extending from the first end to the second end. The

apparatus also includes a first link member having a proximal end nearest to the anchor

and a distal end spaced apart from the proximal end, the proximal end of the first link

member being movably coupled to the first end of the anchor by a first joint configured

to provide for movement of the first link member in one direction relative to the anchor.

The method also includes adjusting the apparatus with a steerable catheter, the



steerable catheter comprising a catheter body; and a sub-catheter extending from the

catheter body, the sub-catheter engaging the first link member when the sub-catheter is

positioned in the interior volume of the anchor of the apparatus to adjust a position of

the first link member to apply a force against the mitral valve to change the geometry of

the mitral valve annulus.

[0033] In at least one embodiment, the method further comprises using a

grabbing portion of the sub-catheter to engage the first link member when the sufr-

catheter is inserted into the interior volume of the anchor.

[0034] In at least one embodiment, when the apparatus comprises additional link

members, the method further comprises using the grabbing portion of the sub-catheter

to engage the additional link members.

[0035] In at least one embodiment, the adjustment of the apparatus occurs: (a)

immediately after implantation of the apparatus, (b) during a same surgical procedure

as the implanting the apparatus or (c) during a subsequent surgical procedure after the

procedure for the implanting the apparatus.

[0036] These and other features and advantages of the present application will

become apparent from the following detailed description taken together with the

accompanying drawings. It should be understood, however, that the detailed description

and the specific examples, while indicating preferred embodiments of the application,

are given by way of illustration only, since various changes and modifications within the

spirit and scope of the application will become apparent to those skilled in the art from

this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] For a better understanding of the various embodiments described herein,

and to show more clearly how these various embodiments may be carried into effect,

reference will be made, by way of example, to the accompanying drawings which show



at least one example embodiment, and which are now described. The drawings are not

intended to limit the scope of the teachings described herein.

[0038] FIG. 1A is a cross-section view of a portion of a heart showing the mitral

valve and related structures.

[0039] FIG. 1B is an atrial view of the mitral valve and the coronary sinus.

[0040] FIG. 2A is a perspective view of an apparatus for use in changing mitral

valve annulus geometry, according to one example embodiment.

[0041] FIG. 2B is a magnified view of a portion of the apparatus of FIG. 2A.

[0042] FIG. 3 is a top view of the apparatus of FIG. 2A.

[0043] FIG. 4 is a side view of the apparatus of FIG. 2A.

[0044] FIG. 5 is a top view of a joint of the apparatus of FIG. 2A, according to one

example embodiment.

[0045] FIG. 6 is a side view showing an engagement mechanism between the

tendons of the apparatus of FIG. 2A and a sub-catheter of a steerable catheter,

according to one example embodiment.

[0046] FIG. 7 is a schematic illustration depicting actuation and release of the

sub-catheter of the engagement mechanism of FIG. 6, according to one example

embodiment.

[0047] FIG. 8A is a cross-sectional view of the anchor of the apparatus of FIG.

2A, according to one example embodiment.

[0048] FIG. 8B is a perspective view of the anchor of FIG. 8A.

[0049] FIG. 9A shows a side view and a top view of the steerable catheter of the

engagement mechanism of FIG. 6, according to one example embodiment.

[0050] FIG. 9B is a perspective view the steerable catheter of FIG. 9A.

[0051] FIG. 10 is an atrial view of an apparatus for use in changing mitral valve

annulus geometry, according to another example embodiment.



[0052] FIG. 11 is a posterior view of the apparatus of FIG. 10 .

[0053] FIG. 12A shows an atrial view of the mitral valve and coronary sinus

including the parameter of the distance from the coronary sinus to the mitral annulus.

[0054] FIG. 12B shows an anterior cross sectional view of the mitral valve and

coronary sinus depicting the location parameters of the coronary sinus with respect to

the mitral annulus.

[0055] FIG. 13 is a computerized tomography (CT) scan showing three lines

connecting the mitral valve center to the points P 1 , P2 and P3 (shown on FIG. 12A).

[0056] FIG. 14A is a CT scan showing the measurement of coronary sinus

diameter at P3.

[0057] FIG. 14B is a CT scan showing an example for measurement of coronary

sinus offset from the mitral annulus at P2 (shown on FIG. 12B).

[0058] FIG. 15A is a graph showing coronary sinus diameter measurements at

points P 1 , P2 and P3.

[0059] FIG. 15B is a graph showing coronary sinus offset measurements at

points P 1 , P2 and P3.

[0060] FIG. 16 is a 3D image of a heart generated from CT scan data.

[0061] FIG. 17A is a graph showing distances from the coronary sinus to the

mitral annulus from each of points P 1, P2 and P3.

[0062] FIG. 17B is another graph showing direct distances from the coronary

sinus to the mitral annulus from each of points P 1 , P2 and P3.

[0063] FIG. 18 is an atrial top view of the Mitral Valve (MV) and the Coronary

Sinus (CS) with geometrical parameters calculated as per the examples provided.

[0064] FIG. 19 is an atrial top view of the mitral valve and the coronary sinus

showing different lengths in the geometry of CS and MV.



[0065] FIG. 20 is a cross-sectional view of a joint of the apparatus of FIG. 2A,

according to one embodiment, showing geometrical references for calculations to

determine displacements due to the rotation of the link in the middle and the tip of the

link, respectively.

[0066] FIG. 2 1 is a graph showing the generated stress on a one-directional joint

of the apparatus of FIG. 2A while the first member applies a 0.7 N force, according to

one example.

[0067] FIG. 22A is an image showing an experimental setup for measuring the

applied force to the mitral annulus from the coronary sinus, according to one example

embodiment.

[0068] FIG. 22B is another image of the experimental setup for measuring the

applied force to the mitral annulus from the coronary sinus, according to one example

embodiment.

[0069] FIG. 23A is a computational fluid dynamics schematic illustration depicting

blood flow streamlines in the coronary sinus without the apparatus of FIG. 2A.

[0070] FIG. 23B is a computational fluid dynamics schematic illustration depicting

blood flow streamlines in the coronary sinus with the implanted apparatus of FIG. 2A.

[0071] FIG. 24A is a computational fluid dynamics schematic illustration showing

a velocity field of blood flow at P 2 in the coronary sinus without the implanted apparatus

of FIG. 2A.

[0072] FIG. 24B is a computational fluid dynamics schematic illustration showing

a velocity field of blood flow at P2 in the coronary sinus with the implanted apparatus of

FIG. 2A.

[0073] Further aspects and features of the example embodiments described

herein will appear from the following description taken together with the accompanying

drawings.



DESCRIPTION OF EXAMPLE EMBODIMENTS

[0074] Various apparatuses, methods and compositions are described below to

provide an example of at least one embodiment of the claimed subject matter. No

embodiment described below limits any claimed subject matter and any claimed subject

matter may cover apparatuses and methods that differ from those described below. The

claimed subject matter are not limited to apparatuses, methods and compositions

having all of the features of any one apparatus, method or composition described below

or to features common to multiple or all of the apparatuses, methods or compositions

described below. It is possible that an apparatus, method or composition described

below is not an embodiment of any claimed subject matter. Any subject matter that is

disclosed in an apparatus, method or composition described herein that is not claimed

in this document may be the subject matter of another protective instrument, for

example, a continuing patent application, and the applicant(s), inventor(s) and/or

owner(s) do not intend to abandon, disclaim, or dedicate to the public any such

invention by its disclosure in this document.

[0075] Furthermore, it will be appreciated that for simplicity and clarity of

illustration, where considered appropriate, reference numerals may be repeated among

the figures to indicate corresponding or analogous elements. In addition, numerous

specific details are set forth in order to provide a thorough understanding of the example

embodiments described herein. However, it will be understood by those of ordinary skill

in the art that the example embodiments described herein may be practiced without

these specific details. In other instances, well-known methods, procedures, and

components have not been described in detail so as not to obscure the example

embodiments described herein. Also, the description is not to be considered as limiting

the scope of the example embodiments described herein.

[0076] It should be noted that terms of degree such as "substantially", "about"

and "approximately" as used herein mean a reasonable amount of deviation of the

modified term such that the end result is not significantly changed. These terms of

degree should be construed as including a deviation of the modified term, such as 1% ,



2%, 5%, or 10%, for example, if this deviation would not negate the meaning of the term

it modifies.

[0077] Furthermore, the recitation of any numerical ranges by endpoints herein

includes all numbers and fractions subsumed within that range (e.g. 1 to 5 includes 1,

1.5, 2 , 2.75, 3 , 3.90, 4 , and 5). It is also to be understood that all numbers and fractions

thereof are presumed to be modified by the term "about" which means a variation up to

a certain amount of the number to which reference is being made, such as 1% , 2%, 5%,

or 10%, for example, if the end result is not significantly changed.

[0078] It should also be noted that, as used herein, the wording "and/or" is

intended to represent an inclusive - or. That is, "X and/or Y" is intended to mean X or Y

or both, for example. As a further example, "X, Y, and/or Z" is intended to mean X or Y

or Z or any combination thereof.

[0079] The following description is not intended to limit or define any claimed or

as yet unclaimed subject matter. Subject matter that may be claimed may reside in any

combination or sub-combination of the elements or process steps disclosed in any part

of this document including its claims and figures. Accordingly, it will be appreciated by a

person skilled in the art that an apparatus, system or method disclosed in accordance

with the teachings herein may embody any one or more of the features contained herein

and that the features may be used in any particular combination or sub-combination that

is physically feasible and realizable for its intended purpose.

[0080] In spite of the technologies that have been developed, there remains a

need in the field for improvements in the development of apparatuses for changing

mitral valve annulus geometry. In accordance with the teachings herein, various

embodiments are described for an apparatus and method that is adjustable and re-

configurable over time for changing mitral valve annulus geometry within a heart.

[0081] Referring now to FIG. 1A, illustrated therein is a cross-section view of the

heart showing the mitral valve and its main parts. Specifically, the mitral valve 1 is a

valve inside of the heart 2 that is located between the left atrium (not shown) and the left



ventricle 3 . The mitral valve 1 opens during diastole to provide for blood to flow from the

left atrium to the left ventricle 3 and subsequently through the aorta 4 to the body. The

mitral valve 1 closes in ventricle systole inhibiting blood from flowing back into the left

atrium from the left ventricle 3 . The mitral valve 1 includes an anterior mitral leaflet 5 , a

posterior mitral leaflet 6 , chordae tendineae 7, papillary muscles 8 and a mitral valve

annulus 10 (shown in FIGS. 1A and 1B).

[0082] Referring now to FIG. 1B, illustrated therein is an atrial view (e.g. top-

down) of the mitral valve 1 and the coronary sinus 12. The mitral valve annulus 10 is a

D-shaped fibrous ring that holds the anterior leaflets 5 and posterior leaflets 6 which are

thin, pliable and soft textures. The leaflets 5 , 6 are like veils with fixed edges that are

connected to the mitral valve annulus 10 at one end and have free edges at their other

end. The free edges of the two leaflets co-operate (e.g. overlap) to close the mitral valve

1. Posterior leaflet 6 is divided into three scallop-like sections: P 1 , P2, and P3. Anterior

leaflet 5 includes three sections: A 1, A2, and A3. Mitral valve 1 is shown as being

anterior to coronary sinus 12 by a distance D.

[0083] Returning to FIG. 1A, the chordae tendineae 7 are thin fibrous strings that

have one end connected to papillary muscles 8 while the other end is attached to one of

the anterior and posterior leaflets 5,6. Papillary muscles 8 move the anterior 5 and

posterior 6 leaflets with chordae tendineae 7 so the mitral valve 1 can open and close.

[0084] Referring now to FIG. 2A, illustrated therein is an apparatus 100 for

changing mitral valve annulus geometry within a heart. Apparatus 100 includes: an

anchor 102 for anchoring the apparatus 100 to an interior structure of the heart (e.g.

coronary vein), and a plurality of link members 103 for extending through an internal

heart structure and applying a pressure and/or a force to a portion of the mitral valve

annulus to change the geometry of the mitral valve annulus. In the example

embodiment shown in the figures, apparatus 100 includes three link members 104, 105,

and 106, with each link member corresponding to a respective section P 1 , P2 and P3 of

the posterior leaflet 6 of the mitral valve annulus 10. In this example embodiment, each



link member 104, 105, 106 can be configured to apply a force on a respective section of

the posterior leaflet 6 for changing the mitral valve annulus geometry.

[0085] Although the apparatus 100 of FIG. 2A is shown as having three link

members 104, 105, and 106, in other embodiments apparatus 100 may include more or

less than three link members to change mitral valve annulus geometry within a heart.

For example, apparatus 100 may have one or two link members coupled to an anchor

102. When apparatus 100 has less than three link members, the tunability (i.e. the

ability to apply different pressures and/or forces to different points of the mitral valve

annulus to change the geometry of the mitral valve annulus) of apparatus 100 may be

reduced when compared to the tunability of the example apparatus 100 that has 3 links

as shown in the figures. Further, in some embodiments apparatus 100 may have more

than three link members coupled to anchor 102. When apparatus 100 has more than

three link members, the tunability of apparatus 100 may be enhanced when compared

to the tunability of the example apparatus 100 shown in the figures.

[0086] Link members 104, 105, and 106 can each have the same size (e.g.

diameter and/or length) or can have different sizes. For example, the diameter of the

link members can progressively decrease along the apparatus as the link members are

positioned further away from anchor 102 (i.e. link members that are further away from

anchor 102 can get progressively smaller and have smaller diameters than adjacent link

members that are closer to anchor 102). For instance, as shown in the figures, the

diameter of link member 105 can be smaller than the diameter of link member 104, and

the diameter of link member 106 can be smaller than the diameter of link member 105.

In this way, the diameters of the link members can be configured to correspond to the

decreasing diameter of the coronary sinus as the coronary sinus extends from the

coronary sinus ostium.

[0087] Anchor 102 is situated in an interior structure of the heart to anchor

apparatus 100 to an interior structure of the heart. In the example embodiments shown

in the figures, anchor 102 is intended to be implanted in the ostium of coronary sinus

vein of the heart. In this manner, the geometry of the coronary sinus ostium can provide



for the placement and adjustment of the apparatus 100 with a steerable catheter (as

described below).

[0088] Anchor 102 includes a body 120 having a first end 121 , a second end 122

and a longitudinal axis 123. Second end 122 is spaced apart from first end 121 and

body 120 is hollow and has an interior volume 124 defined by an inner wall 125.

[0089] Anchor 102 is configured to be implanted in an interior structure of the

heart to anchor the apparatus 100 while being used to change the geometry of the

mitral valve annulus. For instance, in one example embodiment, anchor 102 can be

configured such that body 120 is a self-expandable, transcatheter stent having an

expanded state and a compressed state. In the compressed state, body 120 may be

inserted into a structure (e.g. a vein) distal to the heart (e.g. in a leg or an arm of the

patient) and maneuvered through a series of veins of the patient into a position in an

interior structure of the heart. In one example embodiment, the interior structure of the

heart is the coronary sinus vein. In the expanded state, body 120 may exert a force

outwards (e.g. a radial force) from the wall 125 in a direction towards a wall of the

interior structure of the heart. In a specific embodiment, anchor 102 is implantable into

the coronary sinus ostium of the heart. Further, in the expanded state, anchor 102

supports extension of the plurality of link members 103 longitudinally from anchor 102

along an internal structure of the heart (e.g. the coronary sinus vein) for changing the

geometry of the mitral valve annulus.

[0090] In the example embodiment shown in FIGS. 2A-4, anchor 102 is shown as

an elongated cylinder having a compressed state (not shown) and an expanded state

(see FIGS. 2A-4). Anchor 102 is sized and shaped for implantation in the coronary sinus

ostium of the heart. It will be appreciated that an anchor 102 having a differing shape

and/or size beyond that shown herein may alternatively (or additionally) be provided.

[0091] Each link member (e.g. link members 104, 105, and 106) of the plurality of

link members 103 has a proximal end 140 and a distal end 141 . Proximal end 140 of

each link member 104, 105, and 106 of the plurality of link members 103 is defined as



the end nearest to anchor 102. Distal end 141 is spaced from and opposed to proximal

end 140.

[0092] The plurality of link members 103 are coupled to and extend longitudinally

from anchor 102. In the example embodiment shown in FIGS. 2A-4, a first link member

104 is coupled to anchor 102 such that proximal end 140 of first link member 104 is

coupled to second end 122 of body 120 of anchor 102 via a joint 150. One end of the

joint is mounted to inner wall 125 of anchor 102.

[0093] Each link member 104, 105, and 106 of the plurality of link members 103

may have one or more tendon supports 109 for supporting tendons connecting anchor

102 to each of the link members 104, 105, and 106. Tendon supports 109 can take

many different forms. For example, tendon supports 109 can be integral with a body

111 of each of the link members 104, 105, and 106 (as shown in FIGS. 2A-4) and can

be positioned on an internal surface defined by a recessed wall 112 of body 111. In this

configuration, tendon supports 109 can support tendons passing there through and

protect the tendons from potential damage caused by debris passing by the respective

link member. Further, tendon supports 109 can be configured to support a plurality of

tendons. For example, as shown in FIGS. 2A-4, tendon supports 109 of link member

104 are configured to support at least two tendons, whereas tendon supports 109 of link

member 105 are configured to support one tendon. Generally, tendon supports 109 of

link members directly coupled to anchor 102 will support more tendons that tendon

supports 109 of link members that are not directly coupled to anchor 102 since the

tendons that operate with link members distal to anchor 102 (e.g. link member 104) do

not need to extend to proximal to anchor 102 (e.g. link members 105 or 106).

[0094] In another example, tendon supports 109 can extend radially from link

members 104, 105, and 106 to support the tendons. An example of this configuration is

shown in FIG. 2B, where tendon supports 109b extend from and are integral with an

outer surface 113b of a link member 104b.

[0095] As shown in FIGS. 2A and 3 , each link member 104, 105, and 106 of the

plurality of link members 103 can have an elongated cylindrical shape to extend into a



coronary structure of the heart in one embodiment, each link member 104, 105, and

106 of the plurality of link members 103 can have an elongated cylindrical shape to

extend into the coronary sinus vein of the heart to impart a force on the mitral valve

annulus. The link members 104, 105, and 106 may have a circular or elliptical cross-

sectional shape to mimic the cross-sectional shape of the coronary sinus. It will be

appreciated that link members having differing shapes and sizes beyond those shown in

the figures may be alternatively (or additionally) provided.

[0096] As shown in FIGS. 2A-4, each of the plurality of link members 103 is

coupled to an adjacent link member via a joint 150. For example, proximal end 140 of

first link member 104 is coupled to second end of anchor 102 via a first joint 150a, distal

end 141 of first link member 104 is coupled to proximal end 140 of second link member

105 via a second joint 150b, and distal end 141 of second link member 105 is coupled

to proximal end 140 of third link member 106 via a third joint 150c. In this embodiment,

distal end 141 of third link member 106 is a free end that is not coupled to an adjacent

link member.

[0097] In one example embodiment, each of the link members 104, 105, and 106

can be made of any appropriate biocompatible metallic or polymeric material such as

but not limited to a titanium alloy, cobalt-based alloys, stainless steel or any

biocompatible polymeric material, or any appropriate combination of these materials.

[0098] In the example embodiments shown in the figures, the mechanism of each

joint 150a, 150b and 150c is similar to other joints in that each joint includes a ratchet

mechanism that is configured to move in one-direction. The shape of joint 150a varies

from the shape of joints 150b and 150c as joint 150a couples anchor 102 to the

proximate end of link member 104 whereas the second joint 150b and the third joint

150c each couple two adjacent link members (e.g. link members 104 to 105 and 105 to

106, respectively). It should be noted that the ratchet mechanism described herein is

one example mechanism of joints 150a, 150b and 150c that can be used to provide for

movement of link members 104, 105, 106 in one direction. Any appropriate mechanism



of joints 105a, 150b and 1050c can be provided for controlling the movement of the link

members 104, 105, 106 in one direction.

[0099] Each joint 150a, 150b and 150c restricts movement of a distal component

(e.g. a link member) relative to a proximal component (e.g. a link member or anchor

102). For example, in the example embodiment of apparatus 100 shown in FIGS. 2A-4,

joint 150a can provide for movement (e.g. rotation) of link member 104 relative to

anchor 102. In this regard, joint 150a can provide for link member 104 to rotate about

and in the same plane as anchor 102. When in operation, as previously described, each

link member 104, 105, and 106 of the plurality of link members 103 can be inserted into

a cardiac vein of the heart. First link member 104 can be configured, via joint 150a, to

rotate about anchor 102 in a direction towards the mitral valve annulus (see the arrow

denoted with A in FIG. 2A) to apply a force and/or pressure to the mitral valve annulus

to change a geometry of the mitral valve annulus.

[00100] It follows that joint 150b can provide for movement (e.g. rotation) of

second link member 105 relative to link member 104. In this regard, joint 150b can

provide for link member 105 to rotate about and in the same plane as distal end 141 of

first link member 104. Second link member 105 can be independently controlled by joint

150b relative to rotation of first link member 104 about anchor 102, via joint 150a, to

rotate about distal end 141 of first link member 104 in a direction towards the mitral

valve annulus (see the arrow denoted with B in FIG. 2A) to apply a force and/or

pressure to the mitral valve annulus to change a geometry of the mitral valve annulus.

[00101] It follows still that third link member 106 can be rotatably coupled to

second link member 105 by a joint 150c that provides for movement (e.g. rotation) of

third link member 106 relative to second link member 105. Accordingly, third link

member 106 can be independently controlled (as described below) relative to rotation of

second link member 105 about distal end 141 of first link member 104.

[00102] In this manner, joints 150a, 150b and 150c provide for apparatus 100 to

apply at least three forces and/or pressures to various positions on the mitral valve

annulus. Further, joints 150a, 150b and 150c can also provide for each force and/or



pressure applied to the mitral valve annulus to be capable of having a varying

magnitude as these joints 150 can be used to position each of the link members 104,

105, and 106 at different angles to one another.

[00103] Each link member 104, 105, and 106 of the plurality of link members 103

can also be sized and shaped to inhibit pressure exerted on the left circumflex artery

during rotation and/or actuated to apply a force and/or pressure to the mitral valve

annulus to reduce backflow of blood through the mitral valve during normal heart

operation. As noted above, the left circumflex artery lies in the left atrioventricular

groove of the heart close to the mitral valve annulus. Each link member 104, 105, and

106 of the plurality of link members 103 can be sized and shaped such that one of the

joints 150 lies adjacent to the left atrioventricular groove and the link members 103 do

not exert pressure on the left circumflex artery. For example, in the example

embodiments shown in the figures, apparatus 100 is configured such that joint 150c lies

adjacent to the left atrioventricular groove. As previously described, joints 150 provide

for independent rotation of each link member 104, 105, and 106 of the plurality of link

members 103 about a distal end of an adjacent structure (e.g. an adjacent link member

or anchor 102).

[00104] Referring to FIG. 5 , a cross-sectional view of a joint 150 is provided. In the

example embodiment shown therein, each joint 150 is a ratchet having a plurality of

teeth 15 1 and a pawl 152. The pawl 152 of joint 150 is coupled to a tendon (described

below) such that pulling the tendon disengages the pawl 152 from the teeth 151 . When

the pawl 152 is engaged with the teeth 15 1 , the joint 150 can move only in one

direction. Specifically, the angle of the teeth 15 1 and the pawl 152 can be configured

such that the joint 150 can move in a direction to apply a force to the mitral annulus and

not rotate in the opposite direction (e.g. away from the mitral annulus). Accordingly, the

configuration of the teeth 15 1 and pawl 152 can inhibit the mitral annulus from rotating

the link member in a direction away from the mitral annulus. When the pawl 152 is

disengaged from the teeth 151 (e.g. by pulling the releasing tendon), the joint 150 can

move in both directions. Accordingly, upon disengaging the pawl 152 from the teeth



15 1 , proximal end 140 of one link member will rotate about distal end 141 of the

adjacent link member in direction B (for example). In this respect, the amount of force

and displacement placed on the mitral valve annulus by rotation of each link member

104, 105, 106 of the plurality of link members 103 can be controlled using actuation of

the tendons.

[00105] The degree of control of the rotation of distal end 140 is directly

proportionate to the distance 155 between each tooth of the plurality of teeth 15 1 in a

joint 150. The distance 155 can vary depending on the diameter and length of the

portion of the link members coupled to joint 150. In one example, the distance 155

space can be 0.1 mm.

[00106] In one embodiment, a user (e.g. a surgeon) can control movement (e.g.

rotation) of each link member 104, 105 and 106 of the plurality of link members 103

using a steerable catheter 200. In one example embodiment, movement of each link

member 104, 105 and 106 of the plurality of link members 103 can be provided by

pulling and/or releasing respective actuating and releasing tendons 160, 161 using the

steerable catheter 200. Specifically, the anchor 102 can engage a steerable catheter

200 via an engagement mechanism 165, which is schematically shown in FIG. 6 . It

should be noted that the engagement mechanism 165 shown in FIGS. 6-9B is one

example of a mechanism for engaging the anchor 102 with the steerable catheter 200.

Any appropriate mechanism for engaging the anchor 102 and the steerable catheter

200 can be used. Further, movement of the plurality of link members 103 can also be

provided using other mechanisms.

[00107] In the embodiments shown herein, each of the plurality of link members

103 (e.g. first link member 104, second link member 105 and third link member 106) is

movably coupled to anchor 202 by actuating tendon 160 and release tendon 161 . Each

actuating tendon 160 is coupled to distal end 141 of each respective link member of the

plurality of link members 103. Each release tendon 161 is coupled to a pawl 152 of joint

150 at proximal end 140 of the respective link member. As previously described, each

actuating tendon 160 and release tendon 161 passes through the tendon supports 109



of each link member 104, 105 and 106 of the plurality of link members 103. Accordingly,

the number of release tendons is equal to the number of link members and the number

of actuating tendons is equal to the number of link members. Tendons 160, 161 can be

made of any appropriate material having high tensile strength, such as but not limited to

stainless steel or an alloy thereof. In one example, tendons 160, 161 can be made from

product 304V by Fort Wayne Metals (Fort Wayne, IN).

[00108] In one example embodiment, referring to FIG. 6 , each tendon (e.g.

tendons 160, 16 1) of anchor 202 (shown in FIG. 8) can engage a sub-catheter 17 1 of a

steerable catheter 200 via engagement mechanism 165. Engagement mechanism 165

includes a tendon (e.g. actuating tendon 160 or release tendon 161 ) having a tendon

head 173, a sub-catheter 17 1 of steerable catheter 200 having a grabbing portion 174,

and a tendon channel 172.

[00109] Sub-catheter 17 1 extends from steerable catheter 200 under the control of

a user (e.g. a surgeon) in a direction towards tendons 160, 161 to engage with tendons

160, 16 1 . The mechanism of sub-catheter 17 1 engaging a tendon is shown in FIG. 6

and described below.

[001 10] In the example embodiment shown in FIGS. 6 , 8A and 8B, and referring

only to actuating tendon 160 for ease of illustration, actuating tendon 160 having tendon

head 173 is shown with tendon head 173 inserted into a tendon channel 172 of anchor

102. Tendon head 173 is sized and shaped to inhibit actuating tendon 160 from

withdrawing from tendon channel 172. Sub-catheter 171 of steerable catheter 200 also

inserts into tendon channel 172.

[001 11] Tendon channel 172 includes a body 176 extending between first end 221

and second end 222 of anchor 202. Body 176 has an interior volume 177 defined by an

inner channel wall 178. Interior volume 177 of tendon channel 172 is sized and shaped

to provide for alignment of tendon head 173 and grabbing portion 174 of sub-catheter

17 1 when each of tendon head 173 and grabbing portion 174 are inserted into interior

volume 177 of tendon channel 172. Tendon channel 172 can be integral with inner wall



between first end 221 and second end 222.

[001 12] Each tendon (e.g. actuating tendon 160 and release tendon 161 ) engages

a separate sub-catheter 17 1 of steerable catheter 200 at an independent engagement

mechanism 165 (e.g. within an independent tendon channel 172). Accordingly, each

tendon (e.g. actuating tendon 160 and release tendon 161 ) of apparatus 100 can be

independently actuated and/or released to independently control the movement (e.g.

rotation) of a respective link member 104, 105 and 106 of the plurality of link members

103. Accordingly, the number of engagement mechanisms is the same as the total

number of tendons.

[001 13] For actuating and releasing tendons 160, 161 , respectively, to control

movement of a respective link member of the plurality of link members 103, grabbing

portion 174 of sub-catheter 17 1 is used to engage tendon head 173. In the example

embodiment shown in FIG. 6 , tendon head 173 is schematically shown as being arrow-

shaped and grabbing portion 174 of the sub-catheter 17 1 is sized and shaped to slide

over tendon head 173 to engage tendon head 173. It will be appreciated that a tendon

head 173 and/or a grabbing portion 174 having a differing shape and/or size beyond

that shown in the figures may alternatively (or additionally) be provided, so long as the

shapes of the tendon head 173 and the grabbing portion 174 are complementary (i.e.

the grabbing portion 174 can engage and disengage the tendon head 173). The

grabbing portion 174 of the sub-catheter 17 1 will get integrated with the arrow-shaped

part of the tendon. The grabbing portion 174 can consist of several flexible pieces, such

as tines or prongs 179, that can grab the tendon head 173 when the grabbing portion

174 is pushed towards tendon head 173. The grabbing portion 174 can be any flexible

claw configuration appropriate for grabbing the tendon head 173.

[001 14] The steps for pulling and releasing a tendon by a sub-catheter 17 1 of a

steerable catheter 200 are shown as steps i) - vii) of FIG. 7 . Referring to step i), sub-

catheter 17 1 is advanced in a direction towards tendon head 173 to engage tendon

head 173. At step ii) grabbing portion 174 of sub-catheter 173 contacts tendon head

22



173. At step iii) each prong 179 of grabbing portion 174 begins to spread around tendon

head 173 as grabbing portion 174 continues to advance towards tendon head 173 and

begins to slide over tendon head 173. At step iv), grabbing portion 174 engages tendon

head 173 and begins to travel in a direction away from tendon head 173. At step v), as

grabbing portion 174 is engaged with tendon head 173, sub-catheter 171 moves away

from tendon head 173 and tendon 160 is actuated. At step vi) grabbing portion 174

disengages tendon head 173. At step vii), sub-catheter 17 1 continues to move away

from tendon head 173 which remains stationary after being actuated.

[001 15] FIGS. 8A and 8B show an example anchor 202 for aligning with a sub-

catheter 17 1 of the steerable catheter 200. Tendon channel 172 and sub-catheter 17 1

can co-operate in a male/female relationship, where tendon channel 172 acts as a

female part to receive sub-catheter 17 1 as a male part. To facilitate this co-operation,

anchor 202 has a guiding rail 175 for co-operating with a guiding channel 190 of the

steerable catheter 200. To align a tendon channel 172 of the anchor 202 with a sub-

catheter 17 1 of steerable catheter 200, anchor 202 includes a guiding rail 175. The

guiding rail 175 guides sub-catheter 17 1 of steerable catheter 200 towards tendon

channel 172 for engaging a tendon head 173. Then, the engagement mechanism of

Fig. 6 will be used to engage each sub-catheter with the related tendon in order to grab

and pull the tendon.

[001 16] Tendon channel 172 can be integrally formed with inner wall 225 defining

an interior volume of anchor 202. Tendon channel 172 provides for receiving the tendon

head 173 of tendons 160, 161 and is configured to inhibit movement of tendon head

173 out of the interior volume of anchor 202.

[001 17] Referring to FIGS. 8A, 9A and 9B, guiding rail 175 of anchor 202 is sized

and shaped to receive a steerable catheter 200. In one example embodiment, steerable

catheter 200 has a body 201 having a first end 212 and a second end 2 13 . Sub-catheter

17 1 extends from first end 212 of steerable catheter 200 to be received at second end

222 of anchor 202. Guiding rail 175 is sized and shaped to mate with a guiding channel

190 of steerable catheter 200. Referring to FIG. 9B, guiding channel 190 can have an



opening 19 1 at a proximal end 192 for mating with guiding rail 175. Mating of guiding

rail 175 and guiding channel 190 can provide for alignment of sub-catheter 171 and a

respective tendon channel 172, such that grabbing portion 174 of sub-catheter 17 1 of

the steerable catheter 200 can be aligned with a respective tendon head 173 of tendon

160,1 6 1 .

[001 18] In one example embodiment, as shown in FIGS. 9A-9B, guiding channel

190 can be sized and shaped to engage the guiding rail 175 by slight rotation. For

example, the guiding channel 190 can progressively narrow in width along a longitudinal

length of the steerable catheter 200 to guide the guiding rail 175 of the anchor 202 to a

narrow portion of guiding channel 190 distal to the proximal end of the steerable

catheter 200. Rotation of the sub-catheter 171 as the guiding rail 175 enters the guiding

channel 190, coupled with insertion of the steerable catheter 200 into the anchor 202,

will provide for alignment of the sub-catheter 17 1 with a respective tendon channel 172

and consequently with a tendon 160, 161 .

[001 19] In one example embodiment of a method of inserting the apparatus 100,

the apparatus 100 can be introduced into the coronary sinus using a sheath through the

femoral vein by a surgeon. The joints 150 of apparatus 100 may be unlocked during the

delivery method such that the link members 104, 105, 106 can move in more than one

direction. This may provide for easier delivery of the apparatus 100 to the coronary

sinus. When the anchor 102 is inserted into the coronary sinus ostium, the sheath

through which the apparatus 100 is inserted may be retracted and anchor 102, which

can for example be a self-expandable stent, can be deployed to fix (e.g. removably

couple) the apparatus 100 in position inside of the coronary sinus. In one example, the

anchor 102 can be compressed inside of the sheath during placement in the coronary

sinus vein, and retracting the sheath can result in expansion of the anchor 102.

Expansion of the anchor 102 can be stopped by the walls of the coronary sinus ostium.

The force applied by anchor 102 to the walls of the coronary sinus ostium can maintain

the apparatus 100 at a fixed position inside the coronary sinus.



[00120] For controlling the link members 104, 105, and 106 of the apparatus 100

after the apparatus 100 is fixed to the coronary sinus, the steerable catheter 200 can be

introduced. The engagement mechanism 165 can provide for a surgeon to engage the

steerable catheter 200 with the apparatus 100, and specifically to engage sub-catheter

17 1 with a tendon 160,161 of the anchor 102, by using translational movements of the

steerable catheter 200. The grabbing portion 174 of the sub-catheter 17 1 can provide

for the surgeon to control the position of each link member 104, 105, and 106 in order to

apply certain forces to points/leaflets P 1 , P2 and P3 of the mitral valve annulus, for

example. Tracking of the delivery sheath and steerable catheter 200 inside the patient

body can be performed with using imaging methods such as X-ray imaging, for

example.

[00121] It should be noted that apparatus 100 can be adjusted (i.e. the position of

the link members 104, 105, and 106 can be independently manipulated to apply more

than one force to the mitral valve annulus (e.g. to change the geometry of the mitral

valve annulus) at various positions along the length of the coronary sinus vein) using

steerable catheter 200 immediately after the apparatus 100 is positioned into the

coronary sinus (e.g. during the same surgical procedure). Apparatus 100 can also be

subsequently adjusted using steerable catheter 200 after being positioned into the

coronary sinus (e.g. during a subsequent surgical procedure). For example, apparatus

100 may be adjusted by a surgeon using steerable catheter 200 if, for example, the

geometry of the mitral valve naturally changes after the apparatus 100 was originally

implanted into the coronary sinus ostium and mitral regurgitation through the mitral

valve re-occurs. In this example, the force applied to the mitral valve annulus by the link

members 104, 105, and 106 of apparatus 100 to change the geometry of the mitral

valve can be re-adjusted after the apparatus 100 has been originally positioned into the

coronary sinus by a surgeon re-inserting the steerable catheter 200 into the anchor 102

and manipulating the tendons 160,161 to re-position the link members 104, 105, and

106 as needed.



EXAMPLES

[00122] One specific example of a catheter-based apparatus for percutaneous

treatment of mitral regurgitation is shown in FIG. 10. The apparatus shown therein

includes three link members, (Link 1, Link 2 and Link 3 , respectively) and an anchor.

Link 1, Link 2 and Link 3 apply forces to the main three points P 1 , P2 and P3 of the

mitral valve annulus, respectively. The lengths of Link 1, Link 2 and Link 3 are selected

such that the location of the left circumflex artery is approximately placed close to the

joint between Links 2 and 3 but is not directly compressed by these link members. In

this manner, a surgeon may move the link members such that the amount of applied

force on the left circumflex artery is minimized.

[00123] The side view of the apparatus of FIG. 10 is shown in FIG. 11. Link 1 has

a diameter of 4 mm, Link 2 has a diameter of 3 mm and Link 3 has a diameter of 2 mm.

Each diameter of each of Links 1, 2 and 3 is shown in FIG. 11. In this specific

embodiment, the diameters of the links Link 1, Link 2 and Link 3 decrease from Link 1 to

Link 3 . The diameter of the coronary sinus also decreases along its length from the

coronary ostium.

Determining the Length of each Link

[00124] FIG. 12A shows the atrial view of the mitral valve ("MV") and coronary

sinus ("CS"). The parameter of the distance from CS to mitral annulus ("MA") is

presented in this figure. FIG. 12B shows the anterior cross sectional view of the MV and

CS. This figure depicts all the location parameters of CS with respect to MA.

[00125] The value of the offset from CS to MA was studied by D. Maselli et al. [1]

at the two points P3 and P2. The reported values of this parameter were 9.7±3.2 mm

and 5.7±3.3 mm at the points P2 and P3, respectively, which shows an increase of

offset (from CS to MA) from the point P3 to the point P2.



[00126] The diameter of the CS was studied by R. del Valle-Fernandez et al. [2],

and the pattern for this parameter was reported as a decreasing trend starting from CS

ostium to the distal part of CS. The diameter of CS was also studied by S. El-

Maasarany et al. [3] (5.6±1 .6 mm for GCV size and 9.3±5.3 mm for CS size), A .

Sorgente et al. [4] ( 1 1.78 mm for CS ostium diameter and 4.51 mm for GCV diameter),

and D. Sahni et al. [5] (5.05±0.97 mm at CS ostium, 4.32±1 .0 mm at middle and

2.88±0.58 mm at distal end of CS-GCV) which all show a decreasing profile of CS

diameter starting from CS ostium to its distal end. The reported profile of the CS-GCV

diameter by A. Chiribiri [6] also shows a decreasing pattern of this value starting from

CS ostium to its distal end. S. Mao et al. [7] reported the diameter of CS only at CS

ostium as 10.5±2.47 mm.

[00127] D. Valle-Fernandez et al. [2] reported the value of the direct distance from

CS to MA along the CS at every 10 mm starting from CS ostium. The reported profile of

the direct distance from CS to MA shows a maximum value at the middle point of the

CS path. El-Maasarany et. al. [3] reported the direct distance from CS to MA starting

from CS ostium with steps of 36o. The reported profile shows the maximum point in the

second region (36o-72o) for 7 1 .9% while for 28.1 % of cases it is decreasing from CS

ostium to the distal end of CS, continuously. The direct distance from CS to MA was

reported by J. S. Shinbane et. al. [8] as 14.1±3.1 mm, 10.2±4.9 mm and 10.7±3.5 mm at

20, 40 and 60 mm from CS ostium, respectively.

[00128] The literature survey shows that the previous studies do not provide

enough information on CS size and its geometry at the P points of the posterior leaflet.

Hence, the size of CS and its location with respect to the MA were studied by the

inventors by analyzing CT scan images. An important factor for the function of the

catheter- based MR treatment devices is the offset from CS to MA. The reason is that if

the CS has a big offset from MA, the apparatus cannot effectively push the posterior MA

anteriorly to decrease the MR gap. Moreover, the dimensions of the catheter-based

apparatus should be proper for the size of the CS.



[00129] In the study conducted by the inventors, CT scan data for 310 patients

were investigated to extract the dimensions of CS and its location parameters with

respect to MA. These patients underwent clinical assessment of presence or severity of

coronary artery diseases at St. Michael's Hospital of Toronto. Out of the 3 10 patients,

204 of them had adequate properties for further analysis (74 females and 130 males,

age 62±1 1) . The rest did not have enough resolution, or some parts of the CS or the MA

were not captured in the images. The clinical characteristics of the study population are

listed in Table 1.

Tab!e 1: Clinical characteristics of study population



[00130] Dimension and location parameters of CS that were measured are

diameter of CS, offset of CS from MA, and distance and direct distance from CS to MA.

All measurements were performed at 75% of the RR interval. Measurements were

performed at the three points of P 1 , P2 and P3 (i.e. the P points). These three points on

the MA are related to three scallops (P1 , P2 and P3) of the posterior leaflet. The point

P2 is located approximately in the middle of the P2 scallop. The angle between

connecting lines from MV center to the point P2 and point P 1 is around 60°; the angle

between connecting lines from MV center to the point P2 and the point P3 is also

around 60° [9].

[00131] For all of the measurements, the three points of P 1 , P2 and P3 were found

and considered for measurement of CS size and location. FIG. 13 depicts the three

lines connecting the MV center to the points P 1 , P2 and P3 in a sample CT scan image.

Measurements of CS parameters are performed at these three points by aligning a view

plane on the respective connecting lines. For instance, FIG. 14A shows the

measurement of CS diameter at the point P3 which is 8.39 mm in this example. The

measurements of CS offset and distance from MA are performed with the same

method. FIG. 14B shows an example measurement of CS offset from MA at the point

P2 which is 3.39 mm.

[00132] In this study, the extracted continuous data are presented as mean values

± Standard Deviation (SD) while the categorical data are provided as percentages and

frequencies. IBM SPSS Statistics software (version 23, IBM Inc., New York) was used

for performing all statistical analyses. The student's t-test was performed to find the

difference between two sets of data. For finding the difference between three or more

sets of data, the 1-way ANOVA test was performed. For these analyses, a p-value<0.05

was considered statistically significant. The correlations (R values) in this study were

computed with linear regression analysis. The results of the study are now discussed.

[00133] The diameter of the CS was found to be 4.9±1 .3 mm, 6.7±1 .6 mm and

9.37±2.0 at points P 1 , P2 and P3, respectively. The diagram of the CS diameter at



these three points is shown in FIG. 15A. As shown in this figure, there is a significant

decrease in diameter along the CS from point P3 to P 1 (P<0.001 ) .

[00134] The offset of the CS from the MA was found to be 4.7±2.6 mm, 8.8±3.4

mm and 5.4±3.3 mm at points P 1 , P2 and P3, respectively. FIG. 15B shows that this

offset is maximum at the point P2 among the three points (P<0.001 ) . In FIG. 16 , the 3D

generated image of a heart from CT scan data shows that the CS does not lie on the

mitral plane and there is an offset from CS to MA.

[00135] The distance from CS to MA was found to be 5.5±3.2 mm, 3.6±2.8 mm

and 4.5±2.7 mm at points P 1 , P2 and P3, respectively. The direct distance from CS to

MA was found to be 11.0±3.5 mm, 14.3±3.5 mm and 13.9±3.2 mm at points P 1 , P2 and

P3, respectively. FIGS. 17A and 17B depict the profiles for these two values from points

P3 to P 1 .

[00136] The angle between the lines crossing from the center of the MV and the

points P 1 , P2 and P3 is approximately 60° [9]. The radius of MA is approximately 15.5

mm [10]. It is noteworthy to mention that the diameter of MA varies during the cardiac

cycle [2]. Here, the mean value of the measured radius in the end-systole and end-

diastole has been selected with considering both genders of male and female.

[00137] The total length of CS-GCV which is almost on the mitral plane is reported

as 120 mm, approximately [2, 4 , 11, 12]. The distance from CS ostium to the cross point

between CS-GCV and LCx is reported as 79 mm, approximately [6, 13].

[00138] The distance from the projection of the CS ostium on the MA to the

posterior commissure point is approximately 3.6 mm. This value was calculated from

two measured distances: the distance from the projection of the CS ostium to the right

fibrous trigone which is 15.2 mm, and the distance from posterior commissure point to

the right fibrous trigone which is 11.6 mm [14].

[00139] The distance from the posterior commissure point to the anterior

commissure point on the MA is 62.2 mm [14]. Thus, the distance from the posterior

commissure point to the point P2 on the MA is 3 1 .1 mm. Using these values, the



distance from the projection of CS ostium to the P2 point on the MA was calculated as

27.5 mm (31 . 1 - 3.6 = 27.5 mm).

[00140] Using the MA radius ( 15.5 mm) and the distance from coronary sinus

ostium to P2 point (27.5 mm), the angle from the coronary sinus ostium to the point P2

(with the center of mitral valve center) was calculated as 101 .6°. The angle from point

P3 to point P2 was 60°. Thus, the angle (Θ) from coronary sinus ostium to the point P3

was 4 1.6° (101 .6 - 60 = 4 1 .6).

[00141] FIG. 18 shows the MV and the CS from an atrial top view with the

geometrical parameters. The diameter of CS and its distance from the MA at points P 1 ,

P2 and P3 were extracted from the performed CT scan image analysis.

[00142] From the calculations above, the length from the CS ostium to the point

P3 on the CS path (L1 ) is 17 mm, approximately. The length from the point P3 to the

point P2 (L2) and from the point P2 to the point P 1 (L3), both were 24.6 mm,

approximately. With considering the total length of the CS which is 120 mm, the

distance from the point P 1 to the end of the CS-GCV (L4) was approximately 53.8 mm.

The distance from the point P 1 to the cross point between CS-GCV and LCx (L5) was

calculated as 12.8 mm. These lengths are shown in FIG. 19.

[00143] It is noteworthy to mention that these calculated lengths are considered in

the middle path of the coronary sinus. However, the apparatus 100 will push the mitral

annulus from the inner path of the coronary sinus (closer to the posterior leaflet of mitral

valve). Therefore, the sizes of the links for the apparatus 100 may be relatively smaller

than these calculated lengths.

Determining the Number of Teeth in each Joint

[00144] Another parameter in designing the one-directional joint is the number of

teeth. The following calculations were performed to find the proper number of teeth for

each joint of the apparatus 100. These geometrical calculations are considered based

on FIG. 20. As shown in FIG. 20, ∆ 1 and ∆2 are the generated displacements due to



the rotation of the link in the middle and the tip of a given link, respectively. The

displacement of ∆ 1 is generated in the position of the P points. Equations 7and 12 can

be used to find the values of ∆ 1 and ∆ 2 , respectively. In these equations, Θ is the angle

between two adjacent teeth of the ratchet joint; and R and L are the radius and length of

the link, respectively.



[00145] Increasing the number of teeth results in higher resolution in the

generated displacement. However, there are two main constraints in the maximum

number of teeth that may be considered in the design. The first limitation is related to

the smallest feature that can be fabricated. This factor depends on the fabrication

method and material. Some fabrication companies provide ultra-high resolution for 3D

printing of the designs with polymer materials (resolution of around 10 pm) [ 15].

However, experience shows that usually a minimum feature size of at least three times

more than the claimed number by the companies should be considered in the design

procedure. If the design includes channels with a high aspect ratio, there is a problem

of cleaning the channels from waste material. This problem can be solved by making

the length of channels in the design as short as possible. This can be seen in the design

of the apparatus 100 where gaps are considered in the links to decrease the aspect

ratio of the tendon supports. Moreover, the minimum feature size and gap in the design

of the example implementation of apparatus 100 are above 100 pm and above 50 pm,

respectively. Therefore, fabrication of the apparatus 100 using high resolution 3D

printing technologies is feasible.

[00146] Table 2 provides the generated displacement for each link considering the

angle of 5 degrees between two adjacent teeth of the ratchet joint.

Table 2: Generated Displacement by the Links of the Apparatus



FEM simulation of the Apparatus under Applied Force

[00147] To determine the amount of force applied by each link member to the

mitral valve annulus (MA), FEM simulation was performed on all three link members of

the apparatus. The fabrication material considered was VisiJet EX200. VisiJet EX200 is

a bio-compatible material that has passed the USP Class V I tests. Accordingly, this

material can be used in surgical instruments and medical apparatuses which are in

direct contact with the human body. The properties of this material are given in Table 1.

FEM simulations were performed using COMSOL Multiphysics (COMSOL, Stockholm,

Sweden).

[00148] The results show that the most vulnerable part of the apparatus under the

applied force is the locking mechanism. FIG. 2 1 shows the generated stress on the Paw

of the one-directional joint while Link 1 applies the force of 0.7 N (that is twice of the

maximum applied force which is around 0.35 N).

Table 3 : VisiJet EX200 Material Properties

[00149] This result shows that the maximum generated stress, which is around

629 MPa, is much higher than the ultimate tensile strength of the material (42.4 MPa).

Based on this analysis, this part of the apparatus cannot be fabricated from the polymer



material with such properties. Another option for the material used to make the

apparatus is Titanium alloy (Ti-6AI-4V) which has an ultimate tensile strength of 965

MPa. Titanium alloy is a bio-compatible material and can be used in the fabrication of

implantable devices. Simulations showed that the generated stress in Link 2 and Link 3

are 322 MPa and 218 MPa, respectively, when Titanium alloy is used. Therefore, the

apparatus can be fabricated from Titanium alloy.

[00150] The amount of force applied by the apparatus to the MA should be

determined for being in a proper range. A low amount of applied force will be ineffective

for improving MR grade. On the other hand, an excessive amount of applied force can

hurt or even puncture the heart tissue in order to avoid such incident and to have a

proper amount of the applied force, the proper range of the force that can be applied to

the MA from the CS should be extracted. Furthermore, the amount of movement

generated in the MA due to the applied force needs to be found. Another reason for

extracting the value of the required force is the evaluation of the apparatus strength

under the applied force using FEM simulations. The current subsection explains the

experiment that was performed for measuring the required force applied to the MA.

[00151] For performing the experiments, a pig heart was used because its

structure, dimensions and function are similar to the human heart [ 1 6]. The pig heart

was suspended inside of a bucket of NaCI by using a stand during the experiment.

Several sutures were utilized to suspend the heart from the stand. The temperature of

the solution was set to 37°C which is the usual temperature of the human body. A

thermo circulating heater (Thermo Haake DC1 0) with a heating range of 25°C to 100°C

was used for this purpose.

[00152] For temperature reading of the saline solution of NaCI, an Omegaette

thermometer was utilized in this experiment. The resolution of this thermometer is 0.1 °C

and its accuracy is ± 1°C. The range of temperature sensing for this thermometer is -

200°C to 1370°C. The wire thermocouple of this thermometer was inserted into the

bucket of NaCI solution to read the temperature of the solution. Based on the number

which was shown by the thermometer, the temperature of the solution was 33.8°C. This



difference between the set temperature of the thermo circulating heater and the

thermometer was because of the thermal loss from the heating source inside the

thermos circulating heater to the heating element which was immersed in the NaCI

solution. For increasing the temperature of the solution to almost 37°C, the thermal

circulator was set to 39.8°C.

[00153] For measuring the amount of displacement of the MA, a transparent ruler

with a 500 pm indicator was attached to the top of the pig heart with using a screw. The

screw was inserted into the pig heart to keep the ruler exactly on the pig heart and on

the MA to measure its displacement when force was applied. An ATI Nano-1 7 force

sensor with a measurement resolution of 0.003 N was used to measure the force which

was applied to the MA from the CS location. For reading the displacement from the

ruler, which was attached to the pig heart, a desk magnifier with a 7x magnification was

used. A pump was used to pour the NaCI solution on the pig heart, so the portion of the

pig heart which was outside of the NaCI was kept fresh during the experiment. FIGS.

22A and 22B show different parts of the total experimental setup.

[00154] The results of the experiment are presented in Table 4 .

Table 4: Applied Force for Generating Displacements at P 1 , P2 and P3

[00155] The results obtained in this study for the amount of force applied to the P2

point is in agreement with the results reported by M . O. Jensen et al [ 1 7]. They showed

in their study that the dynamic force applied to an annuloplasty ring at posterior point of

the ring (P2 point of MA) is less than 0.4 N. The results of the study performed by the

inventors show that the applied force to the mitral annulus for generating 3 mm of



displacement (which is reasonable amount of displacement to improve MR grade

significantly) is less than 0.35 N.

CFD simulation of blood inside CS

[00156] Implanting the designed apparatus inside the coronary sinus (CS) will

cause blood flow turbulence. Consequently, thrombosis (formation of blood clots) may

occur inside the CS causing fatal problems. To make sure that the apparatus is safe to

be implanted inside the CS from the aspect of blood flow, CFD simulation was

performed using COMSOL Multiphysics. The 3D model of the CS was developed in

SolidWorks software using the geometrical parameters extracted from the CT scan

analysis. The developed 3D model of the CS was imported to COMSOL software for

CFD simulation. Blood in the CS at normal physiological conditions was considered to

be a Newtonian liquid with a constant dynamic viscosity of 3.5 cP (0.0035 Pa.s). The

considered blood pressure inside the CS was around 10 mmHg ( 1300 Pa). The mean

value of the blood flow in the CS was 123 ml/min. Using this value and the diameter of

the CS, the velocity of blood flow in the CS ostium was calculated as 0.0225 m/s which

was set as the boundary condition in the simulation.

[00157] FIGS. 23A and 23B show the simulation results of blood flow streamlines

in the CS with the implanted apparatus and without the implanted apparatus,

respectively. FIGS. 24A and 24B depict the velocity field of blood flow at the P2 point for

these two different scenarios. The simulation results showed that with implantation of

the apparatus inside the CS, the blood flow rate decreases to 116.8 mL/min which is still

within the normal range of blood flow rate inside the CS. Therefore, installation of the

apparatus inside the CS does not cause CS stenosis.

[00158] The simulation results also showed that the maximum Reynolds number

when the apparatus was located inside the CS was 264.4. The threshold of the

Reynolds number for the blood flow to be a turbulent flow is 2000. Therefore, implanting

the apparatus inside the CS is safe in terms of not causing thrombosis.



[00159] While the above description describes features of example embodiments,

it will be appreciated that some features and/or functions of the described embodiments

are susceptible to modification without departing from the spirit and principles of

operation of the described embodiments. For example, the various characteristics which

are described by means of the represented embodiments or examples may be

selectively combined with each other. Accordingly, what has been described above is

intended to be illustrative of the claimed concept and non-limiting. It will be understood

by persons skilled in the art that other variants and modifications may be made without

departing from the scope of the teachings herein as defined in the claims appended

hereto. The scope of the claims should not be limited by the preferred embodiments and

examples, but should be given the broadest interpretation consistent with the

description as a whole.
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CLAIMS:

1. An apparatus for changing a geometry of a mitral valve annulus of a heart, the

apparatus comprising:

an anchor having a body configured to be positioned within and anchored

to a coronary sinus vein of the heart, the body having:

a first end and a second end, the first end being spaced apart from

the second end;

a longitudinally extending axis; and

a wall with an interior volume extending from the first end to the

second end, the interior volume being adapted for receiving a steerable

catheter; and

a first link member having a proximal end nearest to the anchor and a

distal end spaced apart from the proximal end, the proximal end of the first link

member being coupled to the first end of the anchor by a first joint configured to

provide for movement of the first link member in one direction relative to the

anchor.

2 . The apparatus of claim 1, further comprising a second link member having a

proximal end nearest to the anchor and a distal end spaced apart from the proximal

end, the proximal end of the second link member being coupled to the distal end of the

first link member by a second joint configured to provide for movement of the second

link member in one direction relative to the first link member.

3 . The apparatus of claim 2 , further comprising one or more additional link

members, each additional link member having a proximal end nearest the anchor and a

distal end spaced apart from the proximal end, the proximal end of each additional link

member being coupled to the distal end of an adjacent link member nearer to the

anchor by an additional joint configured to provide for movement of the additional link

member relative to the adjacent link member in one direction relative to the adjacent link

member.



4 . The apparatus of any one of claims claim 1 to 3 , wherein the first link member is

movably coupled to the anchor by a first actuating tendon and a first release tendon

such that actuation of the first actuating tendon controls the movement of the first link

member in a first direction towards the mitral valve annulus to apply a first force to a

portion of the mitral valve annulus.

5. The apparatus of claim 3 , wherein the first joint comprises a ratchet having a first

pawl and a first plurality of teeth, the first release tendon being coupled to the first pawl

to release the first pawl from the first plurality of teeth.

6 . The apparatus of any one of claims 2 to 5 , wherein the second link member is

movably coupled to the anchor by a second actuating tendon and a second release

tendon such that actuation of the second actuating tendon controls the movement of the

second link member in a second direction towards the mitral valve annulus to apply a

second force to a second portion of the mitral valve annulus.

7 . The apparatus of claim 6 , wherein the second joint comprises a second ratchet

having a second pawl and a second plurality of teeth, the second release tendon being

coupled to the second pawl to release the second pawl from the second plurality of

teeth.

8 . The apparatus of any one of claims 4 to 7 , wherein the first actuating tendon is

coupled to the distal end of the first link member and the second actuating tendon is

coupled to the distal end of the second link member.

9 . The apparatus of any one of claims 4 to 8, wherein the first actuating tendon has

a first end positioned inside of a first channel of the anchor.

10. The apparatus of claim 9 , wherein the first end of the first actuating tendon is

sized and shaped to be retained in the first channel.



11. The apparatus of claim 9 or claim 10, wherein the first end of the first actuating

tendon is sized and shaped to provide for a grabbing portion of the steerable catheter to

grab the first end to actuate the first actuating tendon.

12. The apparatus of any one of claims 4 to 11, wherein the first actuating tendon

extends through a tendon support of the first link member towards the distal end of the

first link member.

13. The apparatus of claim 12, wherein the second actuating tendon extends through

the tendon support of the first link member towards the distal end of the second link

member.

14. A system for changing a geometry of a mitral valve annulus of a heart, the

system comprising:

an apparatus comprising:

an anchor having a body configured to be positioned within and anchored

coronary sinus vein of the heart, the body having

a first end and a second end, the first end spaced apart from the

second end;

a longitudinally extending axis; and

a wall having an interior volume extending from the first end to the

second end; and

a first link member having a proximal end nearest to the anchor and a

distal end spaced apart from the proximal end, the proximal end of the first link

member being movably coupled to the first end of the anchor by a first joint

configured to provide for movement of the first link member in one direction

relative to the anchor; and

a steerable catheter comprising:

a catheter body; and



a sub-catheter extending from the catheter body, the sub-catheter being

adapted to engage the first link member when the sub-catheter is positioned in

the interior volume of the anchor of the apparatus.

15 . The system of claim 14, wherein the sub-catheter has a grabbing portion for

engaging an actuating tendon of the first link member when the sub-catheter is

positioned in the interior volume of the anchor of the apparatus.

16. The system of claim 15, wherein the when the apparatus comprises additional

link members, the grabbing portion of the sub-catheter is configured to engage the

additional link members.

17 . The system of any one of claims 14 to 16, further comprising a second link

member having a proximal end nearest to the anchor and a distal end spaced apart

from the proximal end, the proximal end of the second link member being movably

coupled to the distal end of the first link member by a second joint configured to provide

for movement of the second link member in one direction relative to the first link

member.

18. The system of any one of claims 14 to 17 , wherein the first link member is

movably coupled to the anchor by a first actuating tendon and a first release tendon

such that actuation of the first actuating tendon controls the movement of the first link

member in a first direction towards the mitral valve annulus to apply a first force to a

portion of the mitral valve annulus.

19 . The system of claim 18 , wherein, upon engaging the first actuating tendon,

movement of the sub-catheter controls the movement of the first link member in a

direction towards the mitral valve annulus to control a magnitude of the first force

applied to a portion of the mitral valve annulus by controlling a position of the first link

member with respect to the portion of the mitral valve annulus.



20. The system of claim 18 or claim 19, wherein the anchor further comprises a

tendon channel and the sub-catheter engages the first actuating tendon within the

tendon channel.

2 1. The system of claim 20, wherein the anchor further comprises a guiding rail

having an opening and the catheter body comprises a guiding channel, the guiding

channel being sized and shaped to guide the guiding rail to align the sub-catheter into

the tendon channel as the sub-catheter extends into the anchor.

22. A steerable catheter for engaging an apparatus for changing a geometry of a

mitral valve annulus of a heart, the apparatus being defined according to any one of

claims 1 to 13, the steerable catheter comprising:

a catheter body; and

a sub-catheter extending from the catheter body, the sub-catheter having a

grabbing portion for engaging a tendon of the apparatus when the sub-catheter is

inserted into an interior volume of an anchor of the apparatus.

23. The steerable catheter of claim 22, wherein the grabbing portion extends from

the sub-catheter to engage a tendon head to engage the tendon.

24. The steerable catheter of claim 23, wherein the grabbing portion is

complementary in shape to the tendon head to engage the tendon head.

25. The steerable catheter of any one of claims 22 to 24, wherein the steerable

catheter further comprises a guiding channel configured to receive a guiding rail of the

anchor of the apparatus to align the sub-catheter with the tendon when the sub-catheter

is inserted into an interior volume of an anchor of the apparatus.

26. A method of changing a geometry of a mitral valve annulus of a heart, the

method comprising:

implanting an apparatus into a coronary sinus vein of the heart, the apparatus

comprising:



an anchor having a body, the body having:

a first end and a second end, the first end spaced apart from the

second end;

a longitudinally extending axis; and

a wall having an interior volume extending from the first end to the

second end; and

a first link member having a proximal end nearest to the anchor and a

distal end spaced apart from the proximal end, the proximal end of the first link

member being movably coupled to the first end of the anchor by a first joint

configured to provide for movement of the first link member in one direction

relative to the anchor; and

adjusting the apparatus with a steerable catheter, the steerable catheter

comprising:

a catheter body; and

a sub-catheter extending from the catheter body, the sub-catheter

engaging the apparatus when the sub-catheter is inserted into the interior volume

of the anchor to adjust a position of the first link member to apply a force against

the mitral valve to change the geometry of the mitral valve annulus.

27. The method of claim 26, wherein the sub-catheter has a grabbing portion to

engage the first link member when the sub-catheter is inserted into the interior volume

of the anchor.

28. The method of claim 27, wherein when the apparatus comprises additional link

members, the grabbing portion of the sub-catheter is configured to engage the

additional link members.

29. The method of any one of claims 26 to 28, wherein the adjustment of the

apparatus occurs: (a) immediately after implantation of the apparatus, (b) during a same

surgical procedure as the implanting the apparatus or (c) during a subsequent surgical

procedure after the procedure for implanting the apparatus.
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