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DISTAL ANCHOR APPARATUS AND METHODS FOR MITRAL VALVE REPAIR
Cross-Reference to Related Applications

{1661} This application clams priority to and the benefit of U.S. Provisional Patent
Apphication No. 62/249,694, entitied “Distal Anchor Apparatus and Methods for Mitral
Valve Repair,” filed on November 2, 2015, the disclosure of which is incorporated herein by

reference in its entirety,
Background

{10602] Some embodiments descnibed herein relate to methods and apparatus for
performung cardiac valve repairs, and more padicularly, methods and apparatus for

performing minimally mvasive nutral or tricuspid valve repairs.

{1603} Various disease processes can impait the proper functioning of one or more of the
valves of the beart. These disease processes mclude degencrative processes {e.g., Barlow's
Disecase, fibroelastic deficiency), inflammatory processes {e.g.. Rheumatic Heart Discase},
and wfectious processes {¢.g., endocarditis). Additionally, damage to the veniricle from prior
heart attacks (1.e., myvocardial mfarction secondary to coronary antery disease) or other heart
discases {e.g., cardiomyopathy) can distort the vaive's geometry causing it to dysfunction.
However, the vast majority of patienis oandergoing valve surgery, such as mitral valve
surgery, suffer from a degenerative discase that causes a malfunction i a leatlet of the valve,

which results m prolapse and regurgitation.

{1004] Generally, a heart valve may malfunction m two different ways. One possible
malfonction, valve stonosis, occurs when a valve does not open completely and thereby
causes an obstraction of blood fHlow. Typically, stenosis results from buoildup of calcified
material on the leafleis of the valves causing them to thicken and therchy wmpairing their

ability to fully open and permit adeguate forward blood flow,

{1005] Avother possible malfunction, valve regurgitation, occurs when the leaflets of the
valve do not close completely thereby causing blood to leak back nto the prior chamber.
There are three mechanisms by which a valve becomes regurgitant or incompetent; they
mchude Carpentier's tvpe |, type U and type T malfunctions. A Carpentier type § malfunction

mvolves the dilation of the annulus such that the area of the valve orifice increases. The



WO 2017/079153 PCT/US2016/059900

otherwise normally fimetioning leaflets do not have enough surface area to cover the enlarged
orifice and fail to form a tight seal {i¢.. do wot coapt properly} causing rogurgitation.
Included 1o a type | mechanism malfunction are perforations of the valve leaflets, as in
endocardiis. A Carpentier’s type I malfunction mvolves prolapse of a segment of one or
both leaflets above the plane of the annulus. Thig is the most common cause of mitral
regurgitation, and is often caused by the sireiching or ruptering of chordae tendineac
normally connected to the leaflet. A Carpentier's type i malfunction mvolves restriction of
the motion of one or more leaflets such that the leaflets are abnormally constrained below the
tevel of the plane of the annchis. Leaflet restriction can be caused by theomatic discase {Ha)

or dilation of the ventricle (IITb).

{1006} Mitral valve disease is the most common valvular heart disorder, with nearly 4
million Americans estimated to have moderate to severe nutral valve regurgitation (MR
MR results in 2 volume overload on the left ventnicle which in tum progresses to ventricalar
dilation, decreased gjection performance, pulmonary hypertension, symptomatic congestive
heart fatlure, atrial fibritlation, right ventrcular dvsfunction and eventually death. Successtul
surgical vutral valve repair restores mitral valve competence, abolishes the volume overload
on the left venincle, improves svmptom status, prevenis adverse left ventricular remodeling
and dramatically mmproves life expectancy, often retuwrning if {o that of a normal member of

the population.

{1087 Malfunctioming valves may ctther be repaured or replaced.  Repair typically
mvolves the preservation and comrection of the patient’s own valve. Replacement tyvpically
mvolves replacing the patient's malfunctiommg valve with a biological or mechanical
substitute. Typically, replacement is preferred for sienotic damage sustained by the leafiets
because the sienosis is irreversible. The mitral valve and tricuspid valve, on the other hand,
are more prone to deformation. Deformation of the leaflets, as described above, provents the
valves from closing properly and allows for regurgitation or back flow from the ventricle into
the atvium, which resulis in valvular msufficiency. Deformations in the structure or shape of

the rattral valve or tricuspid valve are often repaiable.

(1608} fn moural valve regurgitation, repair is preferable to valve replacement.  Mitral
valve replacement operations have a 2x hugher nisk of operative mortality (Risk Standardized
Mortality 1.63% vs 2.96%;, 2x ligher nsk of stroke per vear (1.15% + 0.1% va 2.2%+ 0.4%

and a 10x higher risk of mfection per vear (0.1% vs 1.0%). Patients who receive a guality
5 3 3
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mitral valve repair operation do not require anticoagolation and rarely require reoperation.
This 18 in stark contrast to mechamical valve replacoment which mandates hifelong
anticoagulation and bioprosthetic valve replacement with the eventual certainty of prosthetic
valve dysfunction and reoperation. Compared fo muiral valve replacement, mural valve
repair results in improved left ventricular function and has seperior long ferm survival
Therefore, an improperly functioning mitral valve or tricuspid valve is ideally repaired, rather
than replaced. However, because of the complex and techmical demands of the repair
procedures, the mitral valve 13 still replaced 1n approximately one third of all matral valve

operations performed 1o the United States.

1 0689] Studies suggest that Carpentier typs I malfimction, often reforred to as
“Degenerative,” “Primary” or “Organic” MR, accounis for as much as 60% of MR
Resectional outral valve repair techuigues, intially described by D Carpentier, involve
cutting out {resecting) a section of the prolapsed leaflet tissue, stitching the remaining tissue
together and imoplanting an annuloplasty nng around the anmudus. More recently many
surgeons have moved to a “pon-resectional” repair tochmigue where artificial chordae
tendineae (“neochords™ made of ePTFE suture, or another suitable matenal, are placed m
the prolapsed leaflet and secured to the beart mn the left veniricle, normally to the papliary
muscle. Becauose the native leaflet tissue is maintained in nop-resectional repairs, they often
result 1o a larger surface of coaptation between the posterior and anterior mitral valve
leaflets, but properly sizing the neochords on a Haccid heart can be very challenging,

especially for the low volume mitral valve surgeon.

1018} Carpentier type I melfunction, sometimes referred to as “Secondary™ or
“Functional” MR, is associated with heart faitlure and affects between 1.6 and 2.8 nullion
peopie in the United States alone.  Studies have shown that mortality doubles in paticunts
with untreated mitral valve regurgitation after myvocardial ifarction. Unfortunately, there is
no gold standard surgical treatment paradigm for functional MR and most functional MR
patienis are not referred for surgical intervention due to the siguificant morbidity, risk of
complications and prolonged disability associated with cardiac surgery. Surgeons use a
variety of approaches ranging from valve replacement to insertion of an undersized mitral
valve annuloplasty ring for patients suffering from fonctional MR and the long term efficacy
1s still unclear. Dr. Alfien has demonstrated the beoefit of securing the midpoint of both

leaflets together creating a double onfice valve in patients with MR known as an “Edge-to-
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Edge™ reparr or an Alfien procedure. The ability to combine a neochordal repair with an
cdge-to-edge repair o degenerative MR patients with a3 dilated annulus and who do not
receive an annuboplasty ring because the repair 1s done i a mimimally-invasive, off-pump

procedure, has particular pronuse.

{1611} Regardless of whether a replacement or repair procedure 13 being performed,
conventional approaches for replacing or repairing cardiae valves are typically mvasive open-
heart surgical procedures, such as stermnotomy or thoracotomy, which require opening up of
the thoracic cavity so as o gain access to the heart. Once the chest has been opencd, the
heart 1s bypassed and stopped. Cardiopuimonary bypass is typically established by mserting
cannulae into the superior and inferior vena cavae {for venous drainage} and the ascending
aorta (for artenial perfusion), and connecting the cannulac to a heart-lung machine, which
functions to oxvgeunate the venous blood and purap # into the arterial cuculation, thereby
bypassing the heart. Once cardiopulmonary bypass has been achioved, cardiac standstilf is
established by clamping the aorta and delivering a "cardioplegia” solution into the aortic root
and then indo the coronary circufation, which stops the beart from beating. Once cardiac
standsiill has been achieved, the surgical procedure may be performed. These procedures,
however, adversely affect almost all of the organ systems of the body and may lead o
complications, such as strokes, myocardial "stunming” or damage, respuratory fathwe, kidney
fatlure, bleeding, generalized mflammation, and death. The nisk of these complications s
directly related to the amount of time the heart 18 stopped ("cross-clamp time™} and the

amount of time the subiect is on the heart-lunz machine ("pomp time™).
'} 2 \

j16312] Thus there 19 a significant need o perform mitral valve repairs using {oss mvasive
procedures while the beart is still beating. Accordingly, there is a contimung necd for new
procedures and devices for perfornung cardiac vaklve repaws, such as mutral valve wepat,
which are less mvasive, do not require cardiac arrest, and are less labor-intensive and

technically challenging.

Sumeary

JE613] Apparatus and methods for performing a mmimally-invasive procedure 0 repair a
cardiac valve are described horein. In some emnbodiments, devices to deliver g distal anchor
within the atrium of the heart are described herein. Such a device can mcelude a needle
having a bore and a distal tip suitable for penctrating a heart valve feaflet, a pusher having a

distal end., a distal anchor having a distal end, a proximal end, a plurality of radially
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expandable members between the distal end and the proximal end, and a central bore
extending between the distal end and the proximal end, and an artificial chordae having a
proximal portion and a distal portion terminating in a stopper. The pusher is disposed within
the bore of the needle for movement between a delivery position in which the distal end of
the pusher is proximate to the distal tip of the needle and a deployed position in which the
distal end of the pusher is distal to the distal tip of the needle. The distal anchor is disposed
within the bore of the needle in a delivery configuration in which the radially expandable
members are oriented substantially axially and movable between a delivery position in which
the distal anchor is disposed between the distal end of the pusher and the distal tip of the
needle and a deployed position in which the plurality of radially expandable members are
disposed distal to the distal tip of the needle. The artificial chordae is disposed within the
bore of the distal anchor with the stopper distal to the distal end of the distal anchor and the
proximal portion proximal to the proximal end of the distal anchor. The distal anchor is
reconfigurable from the delivery configuration to a deployed configuration when the distal
anchor is in the deployed position in which the radial extensions extend radially outwardly
from the artificial chordae a distance sufficient to anchor the artificial chordae to the heart
valve leaflet.

Brief Description of the Drawings

[1014] FIG. 1 is a cut-away anterior view of a heart, showing the internal chambers,

valves and adjacent structures.

[1015] FIG. 2A is a top perspective view of a healthy mitral valve with the mitral leaflets

closed.

[1016] FIG. 2B is a top perspective view of a dysfunctional mitral valve with a visible
gap between the mitral leaflets.

[1017] FIG. 2C is a cross-sectional view of a heart illustrating a mitral valve prolapsed

into the left atrium.
[1018] FIG. 2D is an enlarged view of the prolapsed mitral valve of Fig. 2C.

[1019] FIG. 3 is a cross-sectional view of a heart showing the left atrium, right atrium,

left ventricle, right ventricle and the apex region.
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{1624 FIG. 4 15 a schematic slhstrabon of a delivery device, according to an

embodiment, shown inserted into a portion of a heart,

j1021]} FIG. 5 13 a schematic illostration of two anchor-tether apparatus shown implanted

within a heart, according to an embodimoent.

{1622} FIG. 6 15 a side view of a distal anchor according to an embodiment, shown in a

first delivery configuration.

{1623} FIG. 7 is a side view of the distal anchor of FIG. 6 shown in a second deployed

configuration.

{1024} FIGS. 8A-8C illustrate the transition of the distal anchor of FIGS. 6 and 7 from

the first configuration o the second configuration.

[1625] FIG. 9 15 a schematic tHustration of the distal anchor of FIGS. 6 and 7 shown m

the first delivery configuration.

{1026] FIGS. 10A-10E illustrate in sequence the formation of the distal anchor of FIGS.
& and 7 about an exterior of a distal end portion of a delivery device, shown in the first

delivery configuration.

{1827} FIGS. 11A-1TH llostrate an example method of fornming the distal anchor of

FIGS. 6 and 7 about an exterior of a needle, shown n the first delivery configuration,

1028] FIG. 12 15 a side view of a distal anchor according to ancther embodiment, shown

1 a first delivery configuration.

{1029] FIG. 13 15 a side view of the distal anchor of FIG. 12 shown 1u a second deploved

configuration.

[1634] FIG. 14 15 a perspective view of a distal anchor according to another embodiment,

shown in a first debivery configuration.

{1031} FIG. 15A is a side view of a distal anchor according to another embodiment

shown i a first debivery configuration.

{1632} FIG. 15B 18 a side view of the distal anchor of FIG. 15A shown in a second

delivery configuration.
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{1633} FIGS. 15C and 13D ddlustrate a side view and a perspective view, respectively, of

the distal anchor of FIG. 13A shown in a deploved configuration.

11034} FIG. 10A 15 2 side view of a distal anchor according to ancther embodiment
shown in a delivery configuration; FIG. 168 19 a side view of the distal anchor of FIG. 16A
shown n a partially deploved configuration; and FI1G. 16C 15 a side view of the distal anchor

of FI(. 16A 1 a deploved configuration.

{1035] FIG. 17A is a side view of a distal anchor according to another embodiment
shown in a delivery configaration; FIG. 178 18 a side view of the distal anchor of FIG. 17A
shown m a partially deploved configuration; and FIG. 17C 18 a side view of the distal anchor

of FIG. 17A m a deploved configuration.

{1036] FIG. 18A 15 a side view of a distal anchor according to another embodument,

shown 1o a delivery configuration and disposed within a lumen of a delivery device.
{1637} FIG. 188 15 iHustrates the distal anchor of FIG. 18A n the dehivery configuration.

{1038] FIG. 18C illustrates the distal anchor of FiG. i8A m a partially deploved

configuration.
{1639} FIG. 180 illustrate the distal anchor of FIG. 18A i a deployed configuration.

{1644 FIGS. 1SA and 198 iHustrate the distal anchor of FIG. 18A, shown in the

deploved configuration.

{1641} FIGS. 20A-20C iHustrate a distal anchor according to ancother embodument, shown

i1 a deployed configuration.

[1042] FIG. 21A silustrates a distal anchor according to another embodiment, shown i a

debvery configuration.

{1643} FIG. 218 sllustrates the distal anchor of FIG. 21A, shown with reference to a

valve leaflet and in the delivery configuration.

j10344] FIG. 21C iltastrates 1n cross-section the distal anchor of FIG. 21A, shown i the

delivery configuration.



WO 2017/079153 PCT/US2016/059900

{1045] FIG. 21D sllustraies the distal anchor of FIG. 21A, shown with reference to the

valve leaflet and 1 a deployed configuration.

{1046} FIG. 21E ilostrates in cross-section the distal anchor of Fitz. 21A. shown with

reference to the valve leaflet and in the deploved configuration.

{1647} FIG. 2ZA and 22B are side views of a distal anchor according to another

embodiment, shown i a delivery configuration and a deploved configuration, respectfully,

{1848} FIG. 22 is a perspective view of the distal anchor of FIGS. 22A and 22B, shown

1 the deploved configuration.

{1049] FIG. 23 A silustrates a distal anchor according to another embodiment, shown in a

m a delivery configuration.

[1654] FIG. 238 i a schematic of the distal anchor of FIG. 234, shown 1n a deployed
configuration.

Detailed Description

JEG51] Apparatus and methods for performuing a non-invasive procedure to repair a
cardiac valve, such as a mutral valve or trcuspid valve, are described herein.  In some
embodiments, a method for wpairing a mitral valve inchides inserting a delivery dovice
through an apex region of a heart and extending a distal ¢nd of the delivery device to the
proximal side of a leaflet of the mitral valve, A prercing portion of the delivery device can be
used to form an opening 1o the leaflet, through which the distal end of the delivery device can
be mserted. The delivery device can be used to form or deliver a distal anchor to the distal
side of the leaflet. The location of the opeming in the leaflet and the placement of the distal
anchor can be anywhere 1n the leaflet from the frce edge up to the base of the mitral valve
leaflet and over in the mitral-annular curtain or annulus of the valve. The delivery device can
then be withdrawn and a tether coupled to the distal anchor can be secured to an outer surface
of the heart at the apex region with, for example, a proximal anchor. The combined distal
anchor, tether and proximal anchor is also referred to hercin as an anchor-tether apparatus.
Before the proximal anchor of the anchor-tether apparatus s fixed to the heart, the length of
the tether portion can be adjusted so that the distal movement during sysiole of the prolapsed
segment of the prolapsed leaflet to which the tether portion is coupled by the distal anchor is

fimited by the tether apparatus during svstole.  Propedy adjusting the length of the anchor-
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tether apparatus while the heart 1s beating allows the operator to precisely titrate the position
of the prolapsed segment of the prolapsed leaflet in real time to provent the leaflet from
extending above the plane of the annulus {prolapsmg), but so that the prolapsed segment of
the prolapsed leaflet can move distally during systole a sufficient distance to coapt properly
with the other leaflet(s}. This adinstment can mvolve shortening or lengthening the tether
portion between the distal and proximal anchors of the anchor-tether apparatus. The same
procedure can be repeated on the same leaflet to deliver one or more additional anchor-tether
apparatuses to the leaflet, and or can be performed on the other leaflet of the nutral valve to
deliver one more anchor-tether apparatuses 1o the other leaflet {or to both of the other leaflets,
n the case of a tricuspid valve). In the case of muluple anchor-tether apparatuses, the tether
adjustment procedure can be done one at a time or all at once with the goal of maxmnuzing the

surface of coaptation between the leaflets, and elimmating MR,

{1652} In some embodiments, a delivery devige 1s provided to perform the above repair
procedure. Such a delivery device can inchude. for example a distal end portion that mehudes
a piercing porfion and a support portion, an eclongate member coupled to the distal end
portion, and an actuating handle coupled to a proxamal end portion of the elongate member.
The piercing portion of the distal end portion of the delivery device can be ased to form the
opening in the leaflet of the mural valve. The support portion of the distal end portion can be
used to deliver or form the distal anchor. The handle can include a tether control device that
can be used to hold the tether extending from the distal anchor and secure the tether to the

apex region with the proximal anchor.

J1G53] In some embodiments, an apparatus includes a needle having a bore and a distal
tip suttable for penetrating a beart vaive feaflet, a pusher having a distal end, a distal anchor
having a distal end, a proximal cnd, a plurality of radially expandable mombers between the
distal end and the proximal end, and a central bore extending between the distal end and the
proximal end, and an artificial chordae having a proximal portion and a distal portion
terounating it a stopper. The pusher is disposed within the bore of the needle for movement
between a delivery posttion i which the distal end of the pusher is proxumate 1o the distal tip
of the needle and a deployved positon i which the distal end of the pusher 1s distal to the
distal tip of the peedle. The distal anchor 18 disposed within the bore of the needle 1 a
delivery contfiguration in which the radially expandable members are oriented substantially

axially and movable between a delivery position i which the distal anchor s disposed
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between the distal end of the pusher and the distal tip of the needle and a deploved position
which the phurality of radially expandable members are disposed distal o the distal tip of the
needle. The artificial chordace 5 disposed within the bore of the distal anchor with the stopper
distal to the distal end of the stopper and the proximal porfion proximal 1o the proximal end
of the distal anchor. The distal anchor 1s reconfigurable from the delivery configaration to a
deployed configuration when the distal anchor s in the deploved position in which the radial
extensions extend radially ouvtwardly from the amtificial chordac a distance sufficient to

anchor the artificial chordae to the heart valve leaflet.

{1854] In some embodiments, an apparatus includes a needle having a bore and a distal
tip suitable for penctrating a heart valve leaflet, a pusher having a distal end and disposed
within the bore of the needle for movement between a delivery position and a deploved
position, a distal anchor, and an artificial chordae having a proximal portion and a distal
portion terminated i a stopper.  In the delivery position, the distal end of the pusher s
proximate to the distal tip of the peedle. In the deployved position, the distal end of the pusher
is distal to the distal tip of the needle. The distal anchor has a distal end and proximal end.
The distal end of the distal anchor has a stopper receiving portion. The distal anchor has
multiple elongate members extending proximally from the stopper receiving portion. Each
clongate member has a free proximal that defines the proximal end of the distal anchor. The
distal anchor has a contral bore extending through the stopper receiving portion and between
the elongate members. The distal anchor 1z disposed within the bore of the needle m a
delivery configuration in which the clongate members are oriented substantially axially and
maovable between a delivery position in which the distal anchor is disposed between the distal
end of the pusher and the distal tip of the needle and a deploved position in which the
proximal gnd of the distal anchor 1s disposed distal to the distal tip of the neadle. The
artificial chordac s disposed within the bore of the distal anchor with the stopper distal 1o the
stopper receiving portion of the distal anchor and the proximal portion proximal 1o the
proximal end of the distal anchor. The distal anchor is reconfigurable from the delivery
configuration to a deployed configuration when the distal anchor 15 in the deploved position
in which the clongate members are disposed with their proximal ends spaced radially
outwardly from the artificial chordae a distance sufficient to anchor the artificial chordas to

the heart valve feaflet.

10
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{1055] In some embodiments, an apparatus includes a needle having a longitudinal axis, a
bore and a distal tip suitable for penctrating a heart valve leaflet, a pusher having a distal end
and disposed withun the bore of the needle for movement between a delivery posttion and a
deploved position, a distal anchor having an elongate body with a first end and an opposite,
second end, and an artificial chordac. In the delivery position, the distal end of the pusher is
proximate to the distal tip of the needie. In the deploved position, the distal end of the pusher
is distal 1o the distal tip of the needle. The distal anchor is disposed within the bore of the
needle 1 a delivery configuration in which the clongate body is oriented paraliel to the bore
of the needle and movable between a delivery position i which the distal anchor 1s disposed
between the distal end of the pusher and the distal tip of the needle and a deploved position
which the distal anchor is disposed distal to the distal tip of the needle. The artificial chordac
has a proxamal portion and a distal end coupled to the body of the distal anchor between the
first end and the second end of the distal anchor. The distal anchor is reconfigurable from the
delivery configuration to a deployed configuration when the distal anchor is in the deploved
position in which the body of the distal anchor 18 onented transvers to the longitudinal axis of

the needs sufficient to anchor the artificial chordae to the heart valve leaflet.

1856] In some embodiments, an apparatus includes a needle having a longitudinal axis, a
bore and a distal tip suitable for penctrating a heart valve leaflet, a pusher having a distal end
and disposed within the bore of the needle for movement between a delivery position and a
deploved position, an umbrella anchor having a closed distal end and an open proximal end,
and an artificial chordae having a proximal portion and a distal end coupled to the distal end
of the umbrella anchor. In the delivery paosttion, the distal end of the pusher 13 proximate o
the distal tip of the needle. To the deploved position, the distal end of the pusher is distal 1o
the distal tip of the needle. The umbrelia anchor s disposed within the bore of the needle in a
delivery configuration and movable between a delivery position 1n which the uvmbrella anchor
1s disposed between the distal end of the pusher and the distal tip of the needle and a
deployed position in which the umbrella anchor 18 disposed distal to the distal tip of the
needle. The umbrella anchor 15 reconfigurable from the delivery configuration to a deployed
configuration when the umbrella anchor is in the deploved position in which the open
proximal end of the body of the umbrella anchor extends radially outwardly from the
artificial chordae a distance sufficient o anchor the artificial chordac to the heart valve

feaflet.

I
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{1657} In some embodiments, an apparatus including a needle having a bore and a distal
tip suitable for penctrating a heart valve leaflet. a pusher having a distal end and disposed
within the bore of the needle for movement between a delivery position and a deploved
position, a distal anchor, and an artificial chordae having a proximal portion and a distal end
goupled to a distal braided portion. In the delivery position, the distal end of the pusher 18
proximate to the distal tip of the needie. In the deploved position, the distal end of the pusher
is distal to the distal tip of the needle. The distal anchor has a distal end, a distal braided
portion proximal to the distal end, and distal collar proxamal to the distal braided portion and
having a diameter, and proximal braided portion proximal to the distal collar, and a proximal
collar at the proximal end of the distal anchor, proximal to the proximal braided portion. The
distal anchor 1s disposed within the bore of the needle m a debivery configuration in whach
each of the distal braided portion and the proximal braided portion have a diameter no larger
than the diameter of the distal collar and having a first axial length and movable between a
delivery position it which the distal anchor is disposed between the distal end of the pusher
and the distal tip of the needle and a deploved position m which the proximal end of the distal
anchor is disposed distal to the distal tip of the needle. The distal anchor 5 reconfigurable
from the delivery configuration to a deploved configuration when the distal anchor 1s in the
deployed position in which each of the distal braided portion and the proximal braded
portion has a diameter greater than the diameter of the distal collar and a second axial length
fess than its respective axial length, the distal anchor configured to be disposed with the distal
braided portion on a first side of the heart valve leaflet and the proximal braided portionon a
second side of the heart valve leatiet, the diameters of the first braided portion and the second

braided portion sufficient to anchor the artificial chordac to the heart valve leatlet.

{1858] In some embodiments, an apparatus includes a needle baving a bore, a
longitudinal axis, and a distal {ip suitable for penetrating a heart valve leafiet, a pusher having
a distal end and disposed within the bore of the needle for movement between a delivery
position and a deploved position, a distal anchor, and an artificial chordae having a proximal
portion and a distal portion terminating in a stopper. In the delivery position, the distal end of
the pusher is proximate o the distal tip of the needle. In the deploved position, the distal end
of the pusher is distal 1o the distal tip of the needie. The distal anchor has a tubular body with
a distal end, a proximal end, a first elongated segment proxamal to the distal end and having a
first aperture therethrough, a second clongated segment proximal to the first elongated

segment and having a second aperture therethrough, a first hinge coupling the first elongated
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segment o the second clongated segment for pivotal movement of the first elongated
segment relative to the second clongated segment, a third clongated segment proximal to the
second clongated segmeont and having a third aperture therethrough, and a second hinge
coupling the second clongated segment to the third elongated scgment for prvotal movement
of the second clongated segment relative o the third second elongated segment. The distal
anchor i3 disposed within the bore of the needle i a delivery configuration i which the first
clongated segment, the second clongated sepment, and the thurd clongated segmoent are
oriented substantially axially and parailel to the longitudinal axis of the needie and movable
between a delivery position in which the distal anchor is disposed between the distal end of
the pusher and the distal tip of the needle and a deploved posttion in which the distal anchor
1s disposed distal to the distal tp of the needle. The artificial chordae 18 disposed with the
stopper adjacent to the first aperture and extonds proxamally through the first aperture, the
second aperture and the third aperture and the proxamal portion proximal to the proximal end
of the distal anchor. The distal anchor is reconfigurable from the delivery configuration to a
deploved configuration when the distal anchor is m the deployed position by relative
movement of the stopper towards the distal end of the pusher to cavse the first elongated
segment to pivot about the first hinge, and the third clongated segment to pivot about the
second hinge, relative to the sccond elongated segment, so that the three elongated segments
are disposed approxamately parallel, the first hinge 15 spaced from the longitudinal axis of the
neodie in a first lateral dircction, and the second hinge 1s spaced from the longitudinal axis of

the needle in a second lateral direction.

{1059 In some embodiments, an apparatus includes a needle having a bore, &
longitudinal axis, and a distal tip suitable for penetrating a heart valve leaflet, a pusher having
a distal end and disposed within the bore of the needle for movement between a delivery
position and a deploved position, a distal anchor, and an artificial chordae having a proximal
portion and a distal portion terounating in a stopper. In the delivery position, the distal end of
the pusher is proximate to the distal tip of the needle. 1o the deploved position, the distal end
of the pusher is distal to the distal tip of the needie. The distal anchor has a tubular body with
a distal end, a proximal ¢nd, a contral bore therethrough, a first clongated segment proximal
to the distal end and having a linge in a central portion thereof, and a second elongated
segment proximal to the first elongated segment and having a hinge in a central portion
thereof.  The distal anchor is disposed within the bore of the needle n a delivery

configuration in which the first clongated segment and the second elongated segment are
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oriented substantially axially and parallel to the longitudinal axis of the needie and movable
between a delivery position in which the distal anchor is disposed between the distal end of
the pusher and the distal tip of the needle and a deploved posttion in which the distal anchor
1s disposed distal to the distal tp of the needle. The artificial chordae 18 disposed with the
stopper adjacent to the distal end of the distal anchor, and extends proximally through the
central bore of the distal anchor with the proximal portion proximal to the proximal end of
the distal anchor. The distal anchor s reconfigurable from the delivery configuration to a
deploved configuration when the distal anchor is m the deployed position by rmelative
movement of the stopper towards the distal end of the pusher to cavse the first elongated
segment to fold about its hinge and the sccond clongated segment to fold about #ts hinge, so
that the clongated segments project radially from the longitudmal axis of the needle sufficient

to anchor the artificial chordae o the heart valve leaflet.

{1061 In some embodiments, an apparatus mcludes a needle having a borg, a
longitudinal axis, and a distal tip switable for penctrating a heart valve leaflet, a pusher having
a distal end and disposed within the bore of the needle for movement between a delivery
position and a deploved position, a distal anchor, and an artificial chordae having a proximal
portion and a distal portion coupled o the distal anchor. In the delivery position, the distal
end of the pusher is proximate to the distal tip of the seedle. in the deploved position, the
distal end of the pusher is distal to the distal tip of the needie. The distal anchor has a flexible
trbular body with central Tumen having a distal end and a proxamal end. A distal portion and
a proximal portion are separated by a partial circomferential sl conunumicating with the
central lumen. The distal anchor is disposed with the needic extending through the contral
tumen of the flexible tubular body i a delbivery configuration 1 which the distal portion and
the proximal portion are oriented substantially axally and movable between a delivery
position in which the distal anchor is disposed between the distal end of the pusher and the
distal tip of the needle and a deploved position in which the distal anchor 15 disposed distal to
the distal tip of the needie. The distal portion of the artificial chordae extends through the
partial circomfercntial shit and through the central lomen within both the distal portion and
the proximal portion of the tubular body and with the proximal portion proximal to the
proximal end of the distal anchor. The distal anchor is reconfigurable from the delivery
gonfiguration (o a deploved configuration when the distal anchor 1s in the deploved position

shortening drawing distal portion of the artificial through the distal anchor to draw the distal
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end and the proxamal end of the tubular body towards the partial circumferential sif to bend

cach of the distal portion and the proximal portion of the tubular body 1nto a loop.

{1061} As illustrated 10 FIG. 1, the human beart 10 has four chambers, which include two
upper chambers denoted as atria 12, 16 and two lower chambers denoted as ventricles 14, 18,
A septum 20 {see, e.g., FIG. 33 divides the heart 10 and separates the left atrium 12 and left
veniricle 14 from the right atrivm 16 and right ventricle 18, The heart further contains four
valves 22, 23, 26, and 27. The valves function o maintain the pressure and unidirectional
flow of blood through the body and 1o prevent blood from leaking back into a chamber from

which it has been pumped.

{1662} Two valves separate the atria 12, 16 from the ventricles 14, 18, denoted as
atrioventricular valves. The autral valve 22, also kanown as the left atrioventricular vaive,
controls the passage of oxygenated bood from the left atvum 12 to the left ventricle 14, A
seccond valve, the aortic valve 23, separates the left ventncie 14 from the aortic ariery {(aorta)
29, which delivers oxygenated blood via the cirenlation to the entire body. The aortic valve
23 and mitral valve 22 are part of the "left" heart, which controls the flow of oxygen-rich
blood from the hungs to the body. The right atrioventricular valve, the tricuspid valve 24,
controls passage of deoxvgenated biood into the right veninicle 18, A fourth valve, the
puimonary valve 27, separates the right ventricle 18 from the pulmonary artery 25, The night
veniricle 18 pumps deoxygenated blood through the pulmonary ariery 23 to the lungs
wherein the blood 13 oxvgenated and then delivered to the eft atrium 12 via the pulmonary
vein. Accordingly, the tricuspid valve 24 and pulmonic valve 27 are part of the "night” heart,

which control the flow of oxygen-depleted blood from the body to the lungs.

{16563} Both the left and nght ventricles 14, 18 constitute "pumpmg” chambers. The
aortic valve 23 and pulmomc valve 27 lie between a pumping chamber (ventrick) and a
major artery and condrol the flow of blood out of the ventricles and into the circudation. The
aortic valve 23 and pulmonic valve 27 have three cusps, or leaflets, that open and close and
thereby function to prevent blood from leaking back into the ventricles after being ejected

wite the longs or aorta 29 for circulation.

{1064} Both the left and right atnia 12, 16 are "receiving” chambers. The mutral valve 22
and tricuspid valve 24, therefore, lie between a receiving chamber {atrivm} and a ventricle so

as to control the flow of blood from the atria to the ventricles and prevent blood from leaking
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back mto the atriun dunng ¢jection from the ventricle. Both the mitral valve 22 and
tricuspid valve 24 include two or more cusps, or feaflets (not shown in FIG. 1), that are
encircled by a variably dense fibrous ring of tissues known as the annulus {not shown s FIG.
1}. The valves are anchored to the walls of the ventnicles by chordae tendineae {chordaey 17.
The chordae tendmeas 17 are cord-like tendons that connect the papillary muscles 19 o the
leaflets {(not shown in FIG. 1) of the outral valve 22 and tricuspid valve 24 of the heart 10,
The papillary muscles 19 are focated at the base of the chordae 17 and are within the walls of
the ventricies. The papillary mauscles 19 do not open or close the valves of the heart, which
close passively in response to pressure gradients; rather, the papillary muscies 19 brace the
valves against the lugh pressure needed to circulate the blood throughout the body. Together,
the papilary muscles 19 and the chordac tendineac 17 are known as the subvalvular
apparatus. The function of the subvalvular apparatus is to keep the valves from prolapsing

nto the atria when they close.

{1065] The miutral valve 22 is itlustrated 1w FIG. ZA. The mural valve 22 inclodes two
leaflets, the anterior leaflet 32 and the posterior leaflet 534, and a diaphanous incomplete nng
around the valve, called the annulus 53, The miutral valve 22 has two papillary muscles 19,
the anteromedial and the posterolateral papillary museles {see, e.g., FIG. 1), which attach the
leaflets 52, 54 to the walls of the left veniricle 14 via the chordae tendineas 17 (sce, ¢.g., Fiz.
1}

{1866] FIG. 2B illustrates a prolapsed nuiral valve 22, As can be scen with reference to
FIG. 282D, prolapse occurs when a prolapsed segment of a leaflet 32, 54 of the mutral valve
22 is displaced above the plane of the mitral annolus into the left atram 12 {see FIGS. 2C
and 20} preventing the leaflets from properly sealing together to form the natural plane or
fme of coaptation botween the valve leaflets duning systole. Because one or more of the
leaflets 52, 54 malfunction, the mitral valve 22 does not close properly, and, thercfore, the
leaflets 32, 54 fal to coapt. This fallare to coapt causes a gap 35 between the leaflets 52, 54
that allows bicod 1o flow back into the left atrium, during systole, while it 15 being gjected by
the left ventricle.  As set forth above, there are several different wavs a leaflet may

malfonction, which can thereby lead to regurgitation.

{1667} Mitral valve regurgitation mereases the workload on the heart and may lead to
very serious conditions if left an-treated, such as decreased ventricalar function, pulmonary
hypertension, congestive heart failure, permanent heart damage, cardiac arrest, and ultimately
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death. Smce the left heart is primartdy responsible for cireolating the flow of blood
throughout the body, malfunction of the mitral valve 22 is particularly problematic and often

life threatening.

{1668} As described i detail 1o PCT International Application No. PCT/US2012/043761
{published as WO 2013/003228 A} {referred to herein as “the “761 PCT Application), the
entire disclosure of which s incorporated herein by reference, methods and devices are
provided for performing non-mvasive procedures 0 repair a cardiac valve, such as a miutral
valve. Such procedures include procedures to repair regurgiation that occurs when the
leaflets of the mitral valve do not coapt at peak contraction pressures, resuliing m an
undesired back flow of blood from the ventricle into the afrium.  As described in the 761
PCT Application, afier the malfuncticning cardiac valve has been assessed and the source of
the malfunction venified, a corrective procedure can be performed. Various procedures can
be performed 1n accordance with the methods described thercin to effectuate a cardiac valve

repatr, which will depend on the specific abnommality and the tissues involved.

{1069] In one example method, the heart may be accessed through one or more openings
made by a small incision(s) i a portion of the body proxamal to the thoracic cavity, for
example, between one or more of the ribs of the nb cage of a patient, proximate o the
xyphoid appendage, or via the abdomen and diaphragm.  Access fo the thoracic cavity may
be sought so as to allow the insertion and use of one or more thorascopic nstruments, whilg
access to the abdomen may be sought so as to allow the msertion and use of oue or more
laparoscopic mstroments.  Ionserfion of one or more visualizing instruments may then be
followed by transdiaphragmatic access to the heart, Additionally, access to the heart may be
gained by direct puncture {i.e.. via an appropriately sized needle, for instance an 18 gauge
neodle) of the heart from the xyphoid region. Accordingly, the one or more incisions should
be made m such a manner as to provide an appropriate surgical field and access site 1o the
heart. Access may also be achieved using percatancous methods.  See for instance, Full-
Spectrum Cardiac Surgery Through a Mimmal Incision Mini-Sternotomy {(Lower Half)
Technigue Doty ef al. Annals of Thoracie Surgery 1998 65(2); 5373-7 and Transxiphoid
Approach Without Median Stermotomy for the Repair of Atrial Septal Defects, Barbero-
Marcial et al. Annals of Thoracic Surgery 1998, 65(3): 771-4, which are incorporated in their

entirety herein by reference.



WO 2017/079153 PCT/US2016/059900

{16741 After prepping and placing the sobiect undor anesthesia, a transesophageal
echocardiogram (TEE} (2D or 3D, a transthoracie echocardiogram {TTE), intracardiac echo
{(ICE), or cardio-optic direct visualization {c.g., via afrared vision from the ipofa 75 F

catheter) may be performed to assess the heart and s valves,

116711 After a vunumally 1nvasive approach is determined to be advisable, one ot more
meistons are made proximate (o the thoracic cavity so as to provide a surgical field of access.
The total muuber and length of the incisions to be made depend on the nuomber and types of
the instruments o be used as well as the procedure(s) to be performed. The mcision{s)
should be made in such a mamner 50 as to be mummally 1nvasive. As referred 1o herein, the
term "mimmally invasive” means i 2 manner by which an interior organ or tissue may be
accessed with as little as possible damage being done to the anatomical structure through
which cutry is sought. Tvpically, 2 vunimally 1nvasive procedure is one that mvolves
accessing a body cavity by a small ineision of, for example, approximately Som or less made
in the skin of the body. The ncision may be vertical, horizontal, or slightly curved. If the
mcision 18 placed along one or more ribs, it should follow the outhine of the b, The opening
should extend deep enough to allow access to the thoracic cavity between the nibs or under
the stermum and 18 preferably set close to the nib cage and/or diaphragm, dependent on the

entry point chosen.

{1672} Oue or more other mcisions may be made proximate to the thoracic cavity to
accommodaie tosertion of a surgical scope so as to allow readv access to and visualization of
the heart. The surgical scope mayv be any type of endoscope, but 1s tvpically a thorascope or
laparoscope, dependent upon the tvpe of access and scope to be used. At this point, the
practitioner can confirm that access of one or more cardiac valves through the apex region of

the heart 15 appropriate for the particular procedure to be performed.

{1673] Ounce a suitable entry point has been established, the surgeon can use one or more
sutures to make a series of stiches n one ot more concentrie cireles 1o the myocardiom at the
desired location to create a “pursesining” closure,  The Seldinger technigue can be used to
aceess the left ventricle in the area surrounded by the pursestring soture by puncturing the
nmvocardium with a small sharp hollow needle (a “trocar”) with a guidewire in the lumen of
the trocar. Once the ventricle has been accessed, the guidewire can be advanced, and the
trocar removed, A valved-introducer with didator extending through the tumen of the valved-

mitroducer can be advanced over the guidewire to gain access to the left ventncle. The
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guidewire and dilator can be removed and the valved-mtroducer will mamtain hemostasis,
with or withouwt a suitable delivery device mserted therein, throughout the procedure.
Alternatively the surgeon can make a small incision n the myocardinm and iosert the valved-
miroducer into the heart via the incision. Once the valved-mtroducer is properly placed the

pursestring suture s tghtened to reduce bleedmg around the shaft of the valved-introducer.

{1674} A suitable device such as a dehivery deviee described herein, may be advanced
into the body and through the valved-introducer in a manner so as to access the left ventricle.
The advancement of the device may be performed in conjunction with sonography or direct
visualization {¢.g., dircct fransblood visualization). For example, the debivery device may be
advanced 1 conpunction with TEE guidance or ICE so as to facilitate and direct the
movement and proper positioning of the device for contacting the appropriate apical region of
the heart. Typical procedurcs for use of echo guidance are set forh in Suematsy, Y, 1
Thorac. Cardiovase. Surg. 2003; 130:1348-1356, herein incorporated by reference in iis

cntirety.

ELLYRY! As shown in FIG. 3, one or more chambers, 1.6, the left atriom 12, Ieft ventricle
14, right atrivn 16, or right ventricle 18 in the heart 10 may be accessed n accordance with
the methods disclosed herein, Access mio a chamber 12, 14, 16, 18 1o the heart 10 may be
made at any suitable site of entry but 1s preferably made w the apex region of the heart, for
cxample, shightly above the apex 26 at the level of the papillary muscles 19 {soe also FIG.
2y Typcally, access udo the left ventncle 14, for instance, to perform a mural valve repair,
1s gained through the process deseribed above performed in the apical region, close o {or
shghtly skewed toward the left of) the median was 28 of the heart 16, Typically, access mito
the right veniricie 18, for mstance, to perform a tricuspid valve repair, is gained through the
process described above performed n the apical region, close to or shightly skewed toward
the right of the median axis 28 of the heart 10, Generally, an apex region of the heartis a
bottom region of the heart that i within the left or night ventricular region and is below the
mitral valve 22 and tricuspid valve 24 and toward the tip or apex 26 of the heart 10, More
specifically, an "apex region” AR of the heart {see FIGS. 2C and 3} 18 within a fow
centimeters to the right or to the left of the septum 20 of the heart 10 at or near the level of
the papillary muscles 19, Accordingly, the ventncle can be accessed directly via the apex 26,
or via an off apex location that 1s in the apical or apex region AR, but shightly removed from

the apex 26, such as via a lateral ventricular wall, a region between the apex 26 and the base
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of a papillary mauscle 19, or even directly at the base of a papillary muscle 19 or above.
Typically, the incision made to access the appropriate ventricle of the heart is no longer than
about, for example, 0.5 em.  Alernatively, access can be obtained using the Seldinger

technigue described above.

{1676} The mitral valve 22 and tricuspid valve 24 can be divided nio three paris--an
anpulus (see 53 1 FIGS. ZA and 2B), leaflets (see 52, 54 w FIGS. 2A and 2B), and a sub-
vabvalar apparatus. The sub-valvular apparates mchudes the papiliary muscles 19 (see FiG
1} and the chordae tendineae 17 {see FIG. 1}, which can elongate and or mupture. I the valve
1s functioning properly, when closed, the free margms or edges of the leaflets come together
and form a tight junction, the arc of which, in the miutral valve, 1s known as the line, plane or
arca of coapiation. Normal mitral and tricuspid valves open when the ventricles relax
allowing blood from the atrium to il the decompressed vemtricle. When the ventricle
contracts, chordae tendimeas properly posttion the valve leaflets such that the mcerease
pressure within the ventricle causes the valve to close, thereby preventing blood from leaking
mto the atnum and assurmg that all of the blood leaving the ventricle is ejected through the
aortic valve {not shown) and pulmonic valve (not shown} into the arteries of the body.
Accordingly, proper fimction of the valves depends on a complex interplay between the
annulus, leaflets, and subvalvular apparatus. Lesions in any of these components can cause
the valve to dysfunction and theweby lcad to valve regurgitation.  As set forth above,
regurgitation occurs when the leaflets do not coapt properly at peak contraction pressures. As

a resudt, an undesired back How of blood from the ventncle mto the atrivm occurs.

{1677} Although the procedures descnbed heretn are with reference to repairing a cardiac
mitral valve or tricuspid valve by the implantation of one or more artificial chordae, the
methods presented are readily adaptable for vanious types of leaflet and anmular repawr

procedures. In general, the methods herein will be descnbed with reference to a vutral valve

173
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{1078} In some embodiments, a method includes the mmplantation of one or more
artificial chordae tendineac into one or more leaflets {e.g., 32, 34 in FIGS 2A and 2B} of a
malfunctiomung mitral valve 22 and/or tricuspid valve 24, Afier an appropriate mmcision has
been made in the apex region of the heart, for example, i the apex 26, a delivery deviee can
be mtroduced mto, for example, the left ventricle 14 of the heart and advanced m such a

manner 8o as 1o contact one or more cardiac tissues {(for nstance, a leaflet, an annulus, a cord,
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a papiilary muscle, or the hke) that are in need of repair. Sonic guidance, for instance, TEE
guidance or HCE, may be ased to assist in the advancement of the device info the ventricle,
the proper positioning of the distal tip of the device on the proximal side of the leaflet and, if
necessary, the grasping of the cardiae tissue with the device. Direct trans-blood visualization

may also be used.

{1679} FIG. 4 15 a schematic illustration of a portion of a heart with a delivery device
mserted therein, according to an embodiment. The delivery device 130 can include a distal
end portion 132 configured to be inseried into a heart H, an clongate portion 134 coupled 1o
the distal end portion 132, and a proximal end portion 136, The distal end portion 132 of the
debivery device 130 can inclade a picrcing member {(not shown} and an anchor support
portion {(not shown} The distal end portion 132 can include other features to enable the
delivery device 130 to perform various functions, such as, for example, grasping, suctioning,

frrigating, cutting, suturing, or otherwise engaging a cardiac tissue.

{1080] The proximal end portion 136 can mnclude, for example, a handie that can be used
by the user/operator to manipulate movement of the delivery device 130 and/or to actuate the
delivery device 130. The proxumal end portion 136 can also include control features and/or
components that can be used to actuate various functions of the debivery device 130, The
proximal end portion 136 can also include a holding device or member that can be used to
hold and control a tether {¢.g., subure, cord or wire) extending from a distal anchor (described

i more detail below) during deplovment of the distal anchor.

{1081} Using, for ecxample, ultrasound guidance (real-time  transesophageal
echocardiography), the delivery device 130 can be mmserted through an access port at the apex
Ap {or near the apex) of the heart H and guded through the left ventncle LV and into contact
with a proximal side of a mitral valve leaflet L1 {or 123, shown i FIGS. 4 and 3, at a
location where the user/operator has determined that a wepair 1s needed. Typically, this would
be a prolapsed segment of the body of the anterior or posterior leatlet, 1.¢. n a location where
the valve has prolapsed as a result of a broken or clongated chord. The distal end portion 130
of the delivery device 130 can be used to puncture or form an opening in the valve leaflet L1
and/or the valve leaflet LZ. For example, as shown 1n FIG. 4, the piercing member at a distal
up 138 can be used to puncture or pierce through the leaflet 1.2, This can be done with or

without grasping, capturing, or otherwise immobilizing the prolapsed segment of the leaflet.
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{1682} The distal tip 138 of the delivery device 130 can be mserted through the puncture
site o1 opening and positioned on a distal side of the leaflet L2 and within the eft atnum LA
When the distal tip 138 15 in the desived positon, the delivery device 130 can be actuated to
msert g distal anchor 140 or form a distal anchor 140 {see, FIG. 3) on the distal side of the
feaflet L2 within the left atrium LA of the heart H. In some embodiments, the distal anchor
140 can include a suture or a suture/guide wirg combination that can form into a knot upon
actuation of the delivery device 130, For example, in some embodiments, the distal anchor
140 mncludes a large or bulky knot made of ePTEFE suture or other appropriate material that s
formed by the delivery device 130 and that attains a significant size in the left atrium LA,
above the leaflet L2, The knot can be in the form of one or more multi-turn coils of the
suture or other matenial vsed to form the tether {described in more detail below), which coils
can be changed from an elongated configuration to a8 knot configuration by approximating
opposite ends of the coilfsy towards cach other, to form one or more loops. In some
embodiments, the distal anchor 140 includes an anchor member that 1s deploved o the left

atriim LA above the leaflet L2 upon actuation of the delivery device 130

{1083] The distal anchor 140, whether formed by the delivery device 130 or deployved by
the delivery device 130 can be coupled to a tether 142 extending proximally from the distal
anchor 140 and secured to the proximal end portion 136 of the debivery deviee 130,
Alternanively, the distal anchor 140 and the tether 142 can be all one component (e, ¢PTFE
suture} where the distal anchor 140 15 formed by altermg the shape of the tether 142 from a
first position to a secound position.  As described above, the proximal end portion 136 of the
delivery device 130 can mnclude a holding device (not shown) that can be used to secure and

condrol the tether 142 dunng dehivery and deplovment of the distal anchor 140

{1084} As shown in FIG. 5, after the distal anchor 140 has been deploved or formed, the
delivery device 130 can be withdrawn from the heart H. The length of the tether 142 between
the distal anchor 140 and the opening in the heart can be adjusted, as discussed above, uniil
the desired fength 15 established (1.e. prolapse of the leaflef 5 provented, but the leaflet can
still move distally sufficient to coapt with the other leafiet(s)). The proximal end of the tether
142 can then be secured to an outer surface of the heart H at, for example, the apex Ap
region, with a proximal anchor 144, The proximal anchor 144 can be, for example, a pledget,

one or more knots, or other suitable anchoring device.
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{1085] The above procedure can be performed multiple times on the same leaflet, and/or
can be performed on the other mitral valve leaflet L1 in the same manner. The result can thus
be that two or more anchor-tether apparatuses 143 arc cach anchored oun a distal side of a
leatlet L1, L2 with a distal anchor 140 and secured o the apex Ap region of the heart H with
a proximal anchor 144 via the tether 142, Thus, each anchor-tether apparatus 145 can secure
the top of the leaflet L1, L2 to the apex Ap region of the heart H, functioning as an artificial

chordae or neonchord.

{1086] The distal anchor(s} described above, can be a variety of different shapes, sizes
and configurations that can be delivered and deploved within a heart using a variety of
different delivery devices. In some embodiments, a distal anchor can include a knot that can
be formed/deployed using a distal anchor delivery device such as, for example, a delivery

236
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deviee as shown and described in U.S. Provisional Patent Apphication Serial No. 62

filed October 2, 2015 “the *225 applicanon™), the disclosure of which 1s incorporated herein
by refercnce in its entirety. For example, in some embodiments, the distal anchor is a large or
buiky knot. As shown in FIGS. 6 and 7, a distal anchor 240 includes a suture 2472 that is
formed into an clongated cotled configuration as shown in FIG. 6, with two strands of the
sutare 242 extending from the elongated cotled configuration of the distal anchor 240, For
exaraple, the distal anchor can be in the form of one or more multi-turn coils of the suture
242, 'The formation of the distal anchor 240 i the clongated coiled configuration is
described i more detail below with respect to FIGS. 10A-10E and 11A-TIH. The distal
anchor 240 can be deploved inte a heart and transformed, reconfigured, moved or otherwise
changed to a coiled knot configuration as shown in FIG. 7. For example, as discussed above
for distal anchor 140, the distal anchor 240 {c.g., knot) can be changed tfrom the elongated
gotled configuration to the knot configuration by approximating opposite ends of the coil{s)
towards each other, to form one or more loops. For example, the two strands or lengths of
the suture 242 extending from & medial portion of the distal anchor 240 {¢ g., the clongated
cotled portion of the suture 242) can exiend through the delivery device and when the two
proximal ends of the subire 242 are pulled proximally, the opposite ends of the cotled

portions are pulled towards cach other to form the loops.

{1087} FIGS. BA-BC sllusteate the sequence descnbed above with respect to the distal
anchor 240 transitioning from an clongated configuration to a koot counfiguration, however

for case of lustration, only a single coil and loop are shown and described.  As shown in
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FIG. 8A, the distal anchor 240 13 n a cotled, clongated formation {c.g., a preformed knot)
configured for delivery to a heart. To form the knot configuration {as shown i FIG. 8C}, a
proximal end of the swiure 242 is pulled proximally to detlect the distal end DE of the codl
laterally with respect to the proximal end PE of the coil and to draw the proximal end PE of
the coil and the distal end DE of the coil towards each other to form a loop L. as llustrated in

FIGS. 8B and 8C.

{1088} FIG. 9 shows a schematic Hustration of a distal anchor 240 of FIG. 6 m the
clongated coiled configuration. For case of explanation, the distal anchor 2490 is shown and
described with reforence to a first section 260 of the suture 242 and a sccond section 270 of
the subure 242, The first section 260 hags a first portion 261 (as shown i dashed line for case
of illustration) and a sccond portion 262 including a first coil 263 formed of multiple tims
about the exterior of the distal end portion 232 of the delivery device 230 The fust coil 263
has a proximal end 264 and a distal end 2635, The second portion 262 of the first section 260

has a first end 266 at the distal end 265 of the first coil 263,

~v

{1089] The second section 270 has a second portion 272 with g first end 276, and extends
proximally from the first ond 266 of the first section 260 through an mterior of the first coil
263 {and through the lumen of the distal end portion 2372 of the debiver device 2303 to the
proximal end 264 of the first cotl 263, The second section 270 also mcludes a loop fornung
segment 277 that extends distally from a first end 278 of the loop forming segment 277 at the
proximal cod 264 of the fust coil 263 along the outside of the first corl 263 to the distal end
265 of the first cotl 263, and extends proxamally through the wterior of the fust coil 263 {and
through the humen of the distal end portion 232 of the deliver device 230} to the proximal end

264 of the first coil 263 at a second end 279 of the loop forming segment 277,

{1694 The second portion 272 of the second section 270 mcludes a second cod 273
formed of multiple turas about the extenior of the distal end portion 232 of the delivery device
230 proximal fo the first cotl 263, and has a proximal end 274 and a distal end 273, The
second portion 272 of the second section 270 extends proximally from the first end 276 of the
second portion 272 throggh the intenior of the second coil 273 {and as shown m FIGS. 10A-

iolal

10, ¢.g., through the lumen of the distal end portion 237 of the deliver device 230} to the

proximal end 274 of the second coil 273, The first end 278 of the loop forming segment 277
of the second portion 272 of the second section 270 extends from the distal end 275 of the

second coil 273,
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{1891} The second portion 262 of the first section 260 has a loop forming segment 267
that extends from a first end 268 of the loop forming segment 267 of the sccond portion 262
of the first section 266 proximally tfrom the proxumal end 264 of the first coil 263 along the
outside of the second coll 273 to the proximal end 274 of the second coil 273 and extends
distally through the interior of the second coil 273 {and as shown m FIGS. 10A-10E, ¢g.,
through the humen of the distal end portion 232 of the deliver device 230} to the distal end
2758 of the second cott 273 at a sccond end 269 of the loop forming segment 267 of the
second portion 262 of the first section 260. The first portion 261 of the first section 260
extends proximally from the second end 269 of the loop forming segrent 267 of the second

portion 262 of the first section 260,

[1092] FIGS. 10A-10E ilfusirate in sequence the formation of the distal anchor 240 of
FIGS. 6 and 9 abowt an oxtenor of a needle of a dehivery device (not shown) and 10 an
clongated cotled configuration {(FIG. 10E). The ncedle defines a humen L therethrough and a
slot {not shown} m commumnication with the honen L. To form the distal anchor 240 abowut
the needle, the second portion 272 of the second section 270 of the suture 242 i3 routed
through the lomen L of the needle {see e.g., FIG. 104). Next, the second pottion 262 of the
first section 260 of the suture 242 is wrapped about the needle to form the first coil 263 (see
c.g., FIG. 10B). Sumilarly. the second portion 272 of the second section 270 of the suture 242
1s wrapped about the needle proximate to the first coil 263 to fomm the second cotl 273 (sce

e.g.. FIG. 100

{1093] After formation of the first coll 263 and the second coil 273 about the necdle, the
loop forming segment 267 of the second portion 262 of the first section 260 1s formed by
routing proximally the section portion 262 of the first section 260 of the suture 242 from the
proximal end 264 of and exterior to the first corl 263 towards the proximal end 274 of the
second cotd 273 (sec e.g., FIG. 10C), and then extending distally through the mterior of the
second coif {sec e.g., FIG. 10D). In a sinmilar manner, the loop forming segment 277 of the
second portion 272 of the second section 270 is formed by routing distally the second portion
272 of the second section 270 of the suture 242 from the distal end 275 of the sccond coll 273
towards the distal end 265 of the first coil 263 (sce e.g, FIG. 10C), and then extending
proximally through the mterior of the first coil 263 to the proximal end 264 of the first coil
263 {sce e.g., FIG. 10D). The first portion 261 of the fust section 260 of the suture 242 and

the first portion 271 (as shown m dashed hne for case of llustration) of the second section
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270 of the suture 242 extends from the humen L of the needle through the slot (not shown} of
the neodle to an arca extemal to the needle soch that each portion 261, 271 can be

manipulated {e.g., pulied proximally} to formo the knot, as described above.

{1694 FIGS. 1TA-11H dlustrate an example method of foroung the distal anchor 240 of
FIGS. 6 and 7 n the clongated cotled configuration (F1G. 1HH) about an extenior of a needle
241, The needle 241 defines an interior lumen L, and a distal portion of the needle 241
mchides a slot SL in communication with the fumen. As shown mn FIG. 11A, the second
portion 272 of the second section 270 of the suture 242 13 rouwted through the slot SL of the
necdle 241 and between the knot rings 280, The kuot nings 280 {e.g., sthicon O-rings) arc
disposed about the sature 242 and the needie 241 to secure the suture 242 to and within the
siot SL of the needie 241, In this manner, the knot rings 280 define the outer edges {or the
distal end 265 of the first cod 263 and the proximal ond 274 of the second cail 273) of the
distal anchor 240, and can secure the suture 242 such that the first col 263 and the second

273

cotl 273 can be formed about the needle 241

{1095] To form the first coil 263 and the second col 273, the needle 241 s rotated such
that the freec ends {or the second portion 262 of the first section 260 and the second portion
272 of the second section 270} of the suture 242 form multiple turns about the exterior of the
needle 241, as shown in FIG. 1B, Next, the loop forming segraent 267 of the second pottion
262 of the first section 260 s formed by routing proximally the second portion 262 of the
first section 260 of the suture 242 from the proximal end 264 of and cxienor to the first cotl
263 towards the proximal end 274 of the second coil 273, and then extending distallv through
the mnterior of the second coil 273 to the distal end 275 of the second coil 273, as shown in
FIG. 11C. In a simiar manoer, the loop forming segment 277 of the second portion 272 of
the second section 270 5 formed by routing distally the second portion 272 of the second

section 270 of the sutare 242 from the distal end 275 of the second coil 273 towards the distal
end 265 of the first coil 263, and then extending proximally through the nterior of the first

coil 263 to the proximal end 264 of the first coil 263, as shown in FIG. 1D

{1896] To further prepare the distal anchor 240 for delivery to a heart. as described
previous embodiments, the loop fornung segments can be shortened and/or tightened by
pulling the first portion 261 of the fivst section 260 of the suture 242 and the first portion 271
of the second section 270 of the suture 242, Such a configuration 1s shown m FIG. HE.

Once the loop forming segments 267, 277 are formed, the knot rings 280 can be removed
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from the needle 241 and the sature 242, Upon removal of the knot rings 280, the loop

-~
’I

forming segments 267, 277 can be forther shortened or tightened, as shown in FIG. TIF and
G, Next, the first portion 261 of the first section 260 of the suture 242 and the first portion
271 of the second section 270 of the suture 242 can be routed proximally nto a distal end of
the mtertor lumen L of the needle 241 and proximally throogh the interior humen L, as shown

i FIGS. 11Gand 11H.

{1697} In some embodiments, a snare 293 can be used to facilitate routing of the suture
242 and forming of the distal anchor 242, as dlustrated i FIGS. 11C, 11D, and 111G, For
example, the snare 223 can be used 1o route the first portion 261 of the first section 260 and
the first portion 271 of the second section 270 into the interior lumen L of the needle and

proximally through the interior lumen L.

{1098 In another embodiment of a distal anchor, the circomferential windings of the knot
n the knot distal anchor 240 described above are replaced by a single floxible tube. Such an
embodiment of a distal anchor 1s ilastrated i FIGS. 12 and 13, FIG. 12 illustrates a distal
anchor 340 in an elongated delivery configuration, and FIG. 13 illustrates the distal anchor
346 1n a deploved configuration.  In this embodiment, the flexible tube 344 has a distal
portion 343, and a proximal portion 356, and a slit 346 separating the distal portion 348 from
the proximal pottion 356, Tn an alternative embodiment, mstead of a single flexable tube 344,
the anchor 340 can be formed with a separate distal tube and proximal fube (not shown},
separated by a gap, rather than a partial circumference shit o a middle portion of a single
flexible tube, as shown 1o FIG 12 In this ombodiment, as shown, the suture 342 is routed
mito and through the slit 346, o a homen of the flexable tube 344, extending distally through
the humen from the shit 346 through and out of a distal end 365 of the distal portion 345, then
extending proximally along the exterior of the flexible tube 344 towards a proximal end of
the distal portion 343, through the shit 346 and through the umen of the proximal portion 356
from the distal end 344 of the proxamal portion 336 to the proximal end 374 of the proximal
portion 356 and out the proximal end 374, then extending distally along the exterior of the
proximal portion 3536 of the flexible tube 344 towards the slit 346, and optionally looped
arcundd a portion of the suture 342 located within or adjacent to the shit 346, as shown i FIG.

12.

{1699} Similar 1o the koot distal anchor 240 described above, the distal anchor 340 can be

Cia e <4
LLD

deploved i a similar manner using any of the delivery devices described in the
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application.  For example, the distal anchor 340 can be debivered m the clongate
configuration {FIG. 12) and moved to the deploved configuration (FIG. 13} by pulling the
suture strands 342 proximally to deflect the distal end 365 of the distal portion 348 of the
flexable tube 344 laterally with respect to a proximal end 364 of the distal portion 345 of the
flexable tube 344 to draw the proxamal end 364 and the distal end 365 of the distal portion
345 of the flexsble tube 344 towards cach other to form a loop L as showan in FIG. 13
Simularly, the suture strands 342 can be pulled proximally to defiect the distal end 375 of the
proximal portion 356 of the flexible tube 344 laterally with respect to 2 proximal end 374 of
the proximal portion 356 of the flexible tube 344 to draw the proximal end 374 and the distal
end 3735 of the proximal portion 356 of the flexible tube 344 towards cach other to form a

loop L as shown m FIG. 13

{1164 in another embodiment of a distal anchor, the circumferential windings of the knot
i the koot distal anchor 240 described above are replaced by a T-fastener, as shown in an
clongated delivery configuration m FIG. 14, Swlar to the knot distal anchor 2406 described
above, the distal anchor (or T-fastener} 440 can be deploved 1o a similar manner using any of
the delivery devices descnibed m the “225 apphication. For example, the distal anchor 440
can be coupled to a suture or sutares 442 and removably coupled o or otherwise in operable
contact with a pusher 434 The distal anchor 440 can be debivered i the clongaie
configuration and moved to the deploved configuration by pulling the suture 442 proximally
to rotate the distal anchor 440 sach that the distal anchor 440 1s non-parallel with respect to
the pusher 434, the distal end portion of the delivery device 430, andfor the suture 442
Simwukbtancously, the distal anchor 440 can be decoupled or otherwise separated from {(not
shown} the pusher 434 as the pusher 434 18 moved distally relative 1o a handle (not shown) of

the delivery device and the suture 442 s pulied proxamally.

{1161} In another embodiment of a distal anchor, the circumterential windings of the knot
i the koot distal anchor 240 described above are replaced by an expandable distal anchor, as
shown 1n FIGS. 15A-153D. FIG. 15A dlustrates the distal anchor 540 i an clongated delivery
configuration disposed within a lomen defined by and disposed through the distal end portion
532 of the delivery device. FIG. 15B illustrates the distal anchor 540 1n the elongated deliver
configoration and disposed outside of and distal to the distal end portion 532 of the delivery
device. FIGS. 153C and 150 illustrate the distal anchor 540 m a deploved configuration m

side and perspective view, respectively.  Smmilar to the knot distal anchor 240 described
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above, the distal anchor 540 can be deploved m a simular manner using any of the delivery
devices described m the "225 apphication. For example, the distal anchor 540 ¢an be coupled
to a suture 342 {or disposed about the suture 547 such that the suture 542 extonds through a
tumen defined by the distal anchor 340) having a stopper 390 disposed at a distal end of the
suture 342, The suture 342 15 removably coupled to or otherwise in operable contact with a
pusher 534, The distal anchor 540 can be delivered in the clongate configuration {sec g,
FIGS. 15A and 15B) and moved to the deploved configuration by pulling the suture 342
proximally and/or moving the pusher 534 distally as shown mn FIGS. 15C and 158, In this
manner, both the stopper 390 and the pusher 534 can collectively facilitate the transition of
the distal anchor 540 fromo the clongated delivery configuration to the radially expanded

deploved configuration.

{1192} in another embodiment of a distal anchor, the expandable distal anchor 540
described above 15 replaced by a double expandable distal anchor, as shown in FIGS, 16A-
16C. FIG. 10A dlustrates the distal anchor 640 in an elongated delivery configuration. FiG
168 dlustrates the distal anchor 640 i a partially deployed configuration.  FIG. 16C
tustrates the distal anchor 640 m a deployved configuration.  Similar to expandable distal
anchor 340 described above, the distal anchor 640 can be deploved in a similar manner using,
for example, any of the delivery devices deseribed in the 225 application. For cxample, the
distal anchor 640 can be disposed about a suture 642 such that the sutore 6472 extends through
a lumen defined by the distal anchor 640, and removably coupled to or otherwise m operable
contact with a pusher {not shown). The distal anchor 640 can be delivered 1 the clongate

z., FIGS.

L

configuration {sec e.g., FIG. 16A) and moved 1o the deploved configuration {scc e.
168 and 16C) by pullmg the suture 642 proxamally and/or moving the pusher (not shown)
distally. In this embodiment, the distal anchor 640 includes two shits. As the suture 642 i
pulled proximally andfor the pusher {not shown) is moved distally, the slits facilitate
expansion of two portions of the distal anchor 640, as shown 1n Fiz. 168, In s deploved
configuration, the ends of the first shit and the ends of the second sl are brought mto or
nearly into contact with one another, as shown i FIG. 160 to maximize the expansion of the

two portions of the distal anchor 640,

{1163] in wse, m some embodiments, the distal anchor 640 1s delivered in the elongate
configuration {sce ¢.g., FIG. 16A) through an operung in a leaflet {e.g., a prolapsed segment

of a native mitral valve leaflet) until a medial portion 641 of the distal anchor 640 15 disposed
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i the opening of the leatlet and a first slit is disposed in the left atrium of the heart and the
second slhit is disposed 1 the left ventricle of the heart. The distal anchor 640 is then moved
mio its deploved configuration (see e.g., FIGS. 168 and 16C) such that the two portions
{defimed in part by the shits) expand radially and/or laterally. In this manner, the two portions
of the distal anchor 640 can collectively grab, grasp, sandwich, or otherwise maintain a
portion of the native valve leaflet therebetween. In addition to operably coupling the distal
anchor 640 1o the native valve leaflet, the distal anchor 640 when deploved provides a seal
across the opening of the leaflet to prevent or otherwise bt any fluid flow through the
opening. i some embodiments, the portions of the distal anchor 640 can be deployed {e.g.,
expanded) simultancously, while m other erobodiments the portions of the distal anchor 640
can be deployed sequentially, e.g., the distal portion can be deploved at a first time and the

proximal portion can be deploved at a second time after the first time, or vice versa.

{1104] In another embodiment of a distal anchor, the circuomferential windings of the knot
in the knot distal anchor 240 descnbed above are weplaced by an expandable distal anchor {or
umbrella anchor), as shown in FIGS, 17A-17C. FIG. 17A idlustrates the distal anchor 740 in
an clongated collapsed delivery configuration and proximate to a distal end portion 732 of a
debivery device. FIG. 17B illustrates the distal anchor 740 in a partially deploved
configuration.  FIG. 17C dlustrates the distal anchor 740 m a deploved or expanded
configuration and disposed distal to a valve leaflet VL. In this embodiment, during delivery
of the distal anchor 740, the inferior walls of the distal end portion 732 can retain the distal
anchor 740 in its clongated delivery configuration when the distal anchor 740 5 disposed
within a jumen defined by the distal end portion 732, When i the clongated delivery
configuration, an open end portion 740a of the distal anchor 740 is disposed proximal to a
rounded distal end 7406 of the distal anchor as shown in FIG. 17TA. Simdlar to distal anchor
240 described above, the distal anchor 740 can be deploved in a similar manuoer using any of
the delivery devices deseribed in the “225 application. For example, the distal anchor 740
can be coupled to a suture 742 and removably coupled to or otherwise in operable contact
with a pusher 734, The distal anchor 740 can be debivered 1o the elongate configuration (sce
c.g., FIG. 17A}, and moved to the deploved configuration (see ¢.g., FIGS. 178 and 17C) by
pulling the suture 742 proxamally and/or moving the pusher 734 distally. As the distal anchor
740 13 moved distally and the open end portion 740a exits the distal end portion 732 of the
delivery device, the distal anchor 740 is allowed to expand (1.¢., the open end 740a opens})

towards its deploved or expanded configuration, as shown m FIG. 178
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{1165] In an alternative embodiment, a distal anchor can be configured similar to the
distal anchor 740 cxeopt that the distal anchor can be disposed on the suture 742 such that the
open end of the umbrella shaped portion is distal to the rounded distal end of the distal
anchor. In such an embodiment, the rounded distal end can define a hole through which the
suture can be extended and secured. The distal anchor can be formed with for example a
shape-memory material such that the distal anchor has a biased oxpanded or deploved
configuration and an elongated collapsed contfiguration when constrained within a delivery
device. The distal anchor can be pushed or moved out of a delivery device with, for example,
a pusher device. As the distal anchor exats a distal end of the delivery device, the distal
anchor can transition from s clongated collapsed configuration to s expanded, deploved or
biased configuration. Said another way, as the distal anchor exits the distal end of the
debvery device, the open end of the distal anchor opens {0 s expanded or biased
configoration. In this manner, the distal anchor can transition from its delivery configuration

to its deploved configuration as i oxits the delivery device.

{11906] In another embodiment of a distal anchor, the circumferential windiogs of the knot
mn the knot distal anchor 240 described above are replaced by an expandable distal anchor, as
shown in FIGS. 18A-18D.  In thus ombodiment, the distal anchor 840 inclodes clongate
members 840b with free ends 840z and a stopper receiving section 891, FIG. 18A illustrates
the distal anchor %40 in an clongated delivery contiguration and disposed within a lumen
defined by a distal end portion 832 of a debverv device such that the free ends 840a of
clongate members 840b are disposed proximal to the stopper receiving soction 891 of the
distal anchor 840, Fi(G. 188 dlustrates the distal anchor 840 1 the clongated delivery
configuration.  FIGS. 18C and 18D dlustrate the distal anchor 840 v a deploved
configuration. In this embodiment, a distal end portion of the suture 842 mclodes a stopper
390 and the stopper receiving section 891 of the distal anchor 840 is configured o
cooperatively mate with the stopper 890, Puring delivery of the distal anchor 840, the
mterior walls of the distal end portion 832 can retain the distal anchor 840 1n s clongated
delivery configuration when the distal anchor 840 1s disposed within a lumen defined by the
distal end portion %32, as shown i FIG. 18A. Simdlar to distal anchor 240 described above,
the distal anchor 840 can be deploved m a similar manner using any of the delivery devices
desenibed 1 the 225 application. For example, the distal anchor 840 can be coupled to a
sutere 842 and removably coupled to or otherwise in operable contact with a pusher 834

The distal anchor 840 can be delivered in the clongated configuration {(see e¢.g., FIG. 18A)
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and moved to the deploved configuration (see ¢.g., FIGS, 13B and 18} by pulling the suture
842 proximally and/or moving the pusher 834 distally (see ¢.g., FIG. 18C}. In this manner,
the stopper 890 of the sutire 842 can be moved o contact with the stopper wceiving
section 891, and the stopper 890 and the stopper recciving section 891 can collectively
facilitate the transition of the distal anchor 340 from the c¢longated delivery configuration to

the expanded deploved configuration.

{1197} In an alternative ewbodiment, a distal anchor can be configured sinular to the
distal anchor 840 cxeopt that the distal anchor can be disposed on the suture 842 such that the
free ends of the clongate members are distal to the stopper receiving section. I such an
embodiment, the distal anchor can be formed with for example a shape-memory material
such that the distal anchor has a biased expanded or deploved configuration and an elongated
coliapsed configuration when constrained within a delivery device. The distal anchor can be
pushed or moved out of a dehivery device with, for example, a pusher device. As the distal
anchor exits the delivery device, a distal end of the distal anchor can trassition from iis
clongated collapsed configuration to s expanded, deploved or biased configuration. Said
anocther way, as the distal anchor exits the distal cod of the delivery device, the free ends of
the clongate members can extend radially towards the deploved or biased configuration of the
distal anchor. In this manner, the distal anchor can transition from its delivery configuration

to its deploved counfiguration as i oxits the delivery device.

{1108] The distal anchor 840 can be formed of any suitable matenial, such as, for example
a malleable stamless steel, a shape memory or superelastic alloy, or a polymer. One such
polymer,  for  example, can  nclude  polvarvietherketones  (PAEKs) such  as
polyetheretherketone (PEEK). Optionally, in some embodiments, a distal anchor can include
or be coupled to a material {e.g., a faboc and/or polymer) that 18 configured to distribute an
anchor load, cover and/or seal the hole made m the leaflet, and/or promote mgrowth or an
otherwisg desirable brological response when the distal anchor 1s disposed within a beart. For
example, as illostrated in FIGS. 19A and 198, the distal anchor 840 of FIGS, 18A-18D can
have such a matenial 892 coupled thereto. For example, in some embodiments, the material
392 can extend between the elongate members 840b and beyond the fice ends 8403 of the
distal anchor 840, as shown in FIG. 19A. In some cmbodiments, the material 892 can be
sized and shaped to replicate or nearly replicate the stze and shape of the clongate members

R40hb of the distal anchor 840, as shown in FIG. 19B.
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{1109] In another embodiment of a distal anchor, the circomferential windings of the knot
i the knot distal anchor 240 described above are replaced by an expandable distal anchor, ag
shown in FIGS, 20A-20C. FIGS. 204 illustrates a distal end portion of the distal anchor 944
mn a deployed configuration. FIG. 208 illustrates a proximal end portion of the distal anchor
G40 1 the deploved configuration.  FIG. 20C ilustrates in partial cross-section the distal
anchor 940 in the deploved configuration. In this embodiment, a distal end portion of the
siture 942 includes a stopper 990, A radial support member 994 is coupled and disposed
proximal to the proximal end portion of the distal anchor 940, The radial support member
694 can prevent or otherwise linut the distal anchor 940 from undeswrably flipping or
deflecting (1) bevond a planc defined by the stopper 999, and/or (2} distal to the stopper 990,
The radial support member 994 can be made of any suitable matenal sufficient to provide
radial support, such as, for example, a non-clastic material. In addition, as shown best m FIG.

200, the distal anchor 940 1s pre-configured to have a shght angle.

{1114 Simidar to distal anchor 240 described above, the distal anchor 940 ¢an be
deploved m a sigular manner using any of the delivery devices described i the 223
application.  For example, the distal anchor 940 can be coupled to the subure 942 and
removably coupled to or otherwise in operable contact with a pusher (not shown). The distal
anchor 940 can be dehivered in the clongated configuration (not shown} and moved to the
deploved configuration by pulling the suture 942 proximally and/or moving the pusher {not
shown} distally, as shown in FIGS, 20A-20C. In this manner, the stopper 990 of the suture
9472 can be moved indo contact with the distal end portion of the distal anchor 940, and as a
resudt, can collectively facilitate the transition of the distal anchor 940 from the clongated
delivery configuration (not shown) to the expanded deploved configuration.  Although not
shown, 1n some embodiments, the distal anchor 940 can mnclude radial stiffening members in

addition to or instead being coupled to the radial sepport member 594

{1111} In another embodiment of a distal anchor, the circomferential windings of the knot
in the knot distal anchor 240 described above are replaced by an expandable braid, as shown
m FIGS, 21A-21E. FIG. 21A llustrates the expandable braid distal anchor 1040 m an
clongated debivery configuration, FIG. 218 ilustrates the distal anchor 140 1n the clongated
delivery configuration with reference to a valve leaflet L, and FEG. 21C illustrates the distal
anchor 1040 in cross-section in the clongated deltvery configuration. Fi(r. 211} dlustrates the

distal anchor 1040 i an expanded or deployved configuration with reference to a valve leaflet
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L, and FIG. Z1E Hastraies in cross-section the distal anchor 1040 1 the deployed
configuration. In this embodiment, the cxpandable braid distal anchor 1340 has a distal
portion 1345, a proximal portion 1056, and a distal collar 1095 disposed therebetween. The
distal anchor 1040 also includes a proximal collar 1096 disposed proximal o the proximal
portion 1036 of the distal anchor 1040, Similar to the knot distal anchor 240 desenbed
above, the distal anchor 1040 can be deploved m a similar manner using any of the delivery
devices described mn the “225 application. For exaraple, the distal anchor 1040 can be
coupled to a suture 1042, The distal anchor 1040 can be delivered in the clongate
configuration and moved to the deploved configuration by pulling the suture strands 1042
proximally to cause the braided distal portion 1045 and the braided proximal portion 1056 1o

gxpand radially, as shown in FIGS. 21D and 21E.

{1112} Prior to deployment of the expandable braid distal anchor 1040, the distal coliar
1095 can be aligned with and disposed at least partially within the hole formed in the leaflet
L, as shown in FIG. 218, in this manner, when deploved (radially expanded), the distal
portion 1045 of the distal anchor 1040 will be disposed on the distal side of the leaflet L {c.g.,
within the atrium of the heart), and the proxumal portion 1046 of the distal anchor 1040 will
be disposed on the proxmal side of the leaflet L {e.g., within the ventricle of the heart), as
shown in FIG. 215, Deplovment of the distal portion 1045 and the proximal portion 1046
can be wtiated in stages. For example, deplovment of the distal portion 1043 can be initiated
while the proxmmal portion 1046 is in the clongated delivery configuration, and deployment
of the proximal portion 1046 can be tnitiated after the distal portion 1043 has transitioned

mto the deploved configuration.

{1113} Further to this example, in use, the distal anchor 1040 can be mserted nto the
atrium of the heart and the distal portion 1043 can be deploved within the atduo. Next, the
suture 1042 can be pulled proxamally such that a proximal side surface of the distal portion
1045 of the distal anchor 1040 1s brought into contact with an atrial side of the heart valve
leaflet L. In this maoner, the distal portion 1043 can be manipulated into a desirable position
before the proxamal portion 1046 of the distal anchor 1040 18 deployed. Once the distal
portion 1045 15 suitable positioned aganst the valve leaflet L, the proximal portion 1046 of
the distal anchor 1040 can be deploved such that a distal side sorface of the proximal portion
1046 1s brought indo contact with a ventncle side of the valve leaflet L, thereby secunng the

leaflet L between the distal portion 1045 and the proximal portion 1046,
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{1114] Although not shown, 1 some embodiments, the distal anchor 1040 can mclude a
locking mechanism configured to lock, bias, or otherwise maintaim the distal anchor 1040 in
its expanded deploved contiguration. Further, in some crobodiments, the distal portion 1045
and the proximal portion 1046 can be foomed of shape memory or superelastic matenal such

that 1ts expanded deploved configuration 13 1ts unbiased configuration,

{1115] In another embodiment of a distal anchor, the circomferential windings of the knot
i the knot distal anchor 240 described above are replaced by a single flexible tube, as shown
m FIGS. 22A-22C. FIG. 22A dlustrates the distal anchor 1140 in an clongated delivery
configuration, and FIGS. 228 and 22C ilustrate the distal anchor 1140 m a deploved
configaration, 1 side view and perspective view, respectively.  In this cmbodiment, the
flexible tube 1140 has a distal portion 1145, and a proximal portion 1156, and a medial
portion 1146 disposed therebhetween. Each portion is separated by a hinge section, 1.¢., a first
hinge section 1197 1s disposed between the distal portion 1143 and the medial portion 1146,
and a second hinge section 1198 s disposed between the medial portion 1146 and the
proximal portion 1156 The suture 1147 includes a stopper 1194 at its distal end, and extends
therefrom through a fivst aperture AP, a second aperture AP2 and a thivd aperture AP3, each

of which is defined by the flexable tabe 1140, as shown m FIGS. 224-22C.

{1116} Similar o the knot distal anchor 240 described above, the distal anchor 1146 can
be deploved n a similar manner using any of the dehivery devices described m the “223
application.  The distal anchor 1140 can be delivered 1n the clongate configuration and
moved o the deploved configuration by pulling the suture strand 1142 proxamally to deflect
the portions 1143, 1146, 1156 about their respective hinge sections 1197, 1198, as shown in
FIGS. 228 and 22C. In this manaer, the portions 1145, 1146, 1156 are drawn towards each

other {or folded onto one ancther) to form the expanded deploved configuration.

{1117] The distal anchor 1140 can be formed of any sutable matenal, eg, ePFIE or a
sinular biocompatible polyroer. In an alternative embodiment, 1ustead of a single flexible
tabe 1144, the anchor 1140 can be formed of separate portions and then coupled together.
Further, m an alternative embodiment, instead of three portions {Le., distal, proximal,
medial), the anchor 1140 can wnclude any surtable number of portions {¢.g., a single portion

or four or more portions).
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{1118§] In another embodiment of a distal anchor, the circomferential windings of the knot
m the knot distal anchor 240 descnbed above are replaced by a hinged tube, as shown
FIGS. 23A and 23B. FIG. 23A illustrates the distal anchor 1240 in an clongated delivery
configuration, and FIG. 238 iHustrates schematically the distal anchor 1240 in a deploved
configaration. In this embodiment, the hinged tube 1240 has a distal portion 1245, and a
proximal portion 1256, and hinge sections HS to facilitate deployment, defiection or bending
of the distal portion 1245 and the proximal portion 1256 at desirable sections of the distal
anchor 1240, A distal end portion of an elongated tube 1299 15 fixedly couapled 1o a distal end
of the distal portion 1245 of the distal anchor 1240, and extends through a lomen defined by
the distal anchor 12440, out a proxumal end of the proximal portion 1245 of the distal anchor
1240, and then coupled to a suture 1242, as shown i FIG 23A. Somilar to the knot distal
anchor 240 described above, the distal anchor 1240 can be deployed m 8 similar manner
using any of the delivery devices described in the “225 application. For exarmuple, the distal
anchor 1240 can be delivered in the eolongate configuration and moved to the deploved
configuration by pulbing the suture strand 1242 proximally, and thereby similarly moving the
clongated tube 1299 proximally with the suture strand 1242, to deflect the hinged tube 1240
laterally with respect fo the hinge sections HS 1o form the deploved or expaonded

configuration, as shown 1 FIG. 23R,

{1119} While some of the distal anchors described above as being dehivered to a left
veniricle of a heart, piercing a native mutral valve leaflet from the ventricular side to the atrial
side, deploving the distal anchor on the atnal side of the leaflet, and anchoring the distal
anchor to an apex region of the heart, in other nstances, the distal anchors described above
can be delivered and deploved via other suitable methods, ¢.g., transfemorally, transatnally
and/or via an mferior vena cava (IVC) For example, in some embodiments, one or more
native valve leaflets can be picreed from the atrial side 1o the ventricular side, and the distal
anchor can be delivered from the atnal side to the ventnicular side and deploved mn the
ventricle. In such embodiments, in some instances, the distal anchor can be attached or
otherwisg coupled to €e.g2., via a suture) a second distal anchor {e.g., deployed at a second
leaflet}. In some instances, the distal anchor can be anchored o the apical region of the heart
by routing a suture attached to the anchor through the arca or void between the leaflets from

the atrial side to the ventricular side.
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{1124 While various embodiments have been deseribed above, 1t should be understood
that they have been presented by way of example ondy, and not limitation. Where methods
described above indicate certain ovents occurring in cerfain order, the ordering of cerain
events may be modified. Additionally, certain of the events may be performed concurrently

i a parallel process when possible, as well as performed sequentially as described above.

{1121} Where schematics and/or embodioments described above indicate certain
components arranged in certain orentations or positions, the arrangement of components may
be moditied. While the embodiments have been particularly shown and described, it will be
voderstood that vanious changes in form and details may be made.  Any portion of the
apparatus and/or methods deseribed herein may be combined i any combination, except
mutually exclusive combinations. The embodiments described herein can include various
combinations and/or sub-combinations of the functions, components and/or features of the

different embodiments described.



Claims
1. An apparatus, comprising:

aneedle having a bore and a distal tip suitable for penetrating a heart valve leaflet;

a pusher having a distal end, the pusher being disposed within the bore of the needle
for movement between a delivery position in which the distal end of the pusher is proximate
to the distal tip of the needle and a deployed position in which the distal end of the pusher is
distal to the distal tip of the needle;

a distal anchor having a distal end, a proximal end, a plurality of radially expandable
members between the distal end and the proximal end, and a central bore extending between
the distal end and the proximal end, the distal anchor being disposed within the bore of the
needle in a delivery configuration in which the radially expandable members are oriented
substantially axially and movable between a delivery position in which the distal anchor is
disposed between the distal end of the pusher and the distal tip of the needle and a deployed
position in which the plurality of radially expandable members are disposed distal to the
distal tip of the needle; and

an artificial chordae having a proximal portion and a distal portion terminating in a
stopper and disposed within the bore of the distal anchor with the stopper distal to the distal
end of the distal anchor and the proximal portion proximal to the proximal end of the distal
anchor,

the distal anchor being reconfigurable from the delivery configuration to a deployed
configuration when the distal anchor is in the deployed position in which the radial
extensions extend radially outwardly from the artificial chordae a distance sufficient to

anchor the artificial chordae to the heart valve leaflet.

2. The apparatus of claim 1, wherein the distal anchor is reconfigurable from the
delivery configuration to the deployed configuration by axially compressing the distal anchor
by relative movement between the distal end of the pusher and the stopper of the artificial

chordae.

3. The apparatus of claim 1, wherein the plurality of radially expandable members
includes a first plurality of radially expendable members disposed at a first axial position
between the proximal end and the distal end of the distal anchor and a second plurality of
radially expandable members disposed at a second axial position, spaced from the first axial
position, between the proximal end and the distal end of the distal anchor.

4, An apparatus, comprising:
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a ncedle having a bore and a distal tip suitable for penetrating a heart valve leafiet;

a pusher having a distal end, the pusher being disposed within the borg of the needle
for movement between a delivery position i which the distal end of the pusher is proximate
to the distal tip of the needle and a deploved position i which the distal ¢nd of the pusher s
distal to the distal tip of the needle;

a distal anchor having a distal end and a proximal end, the distal end having a stopper
recetving portion, the distal anchorimg having a plurality of clongate members extending
proximally from the stopper receiving portion, each clongate member have a free proximal
end, the free proximal ends defining the proximal end of the distal anchor, the distal anchor
having a central bore extending through the stopper receiving portion and beotween the
plurality of clongate members, the distal anchor being disposed within the bore of the needle
m a delivery configuration in which the plurality of clongate members are oriented
substantially axially and movable between a delivery postiion 1n which the distal anchor is
disposed between the distal end of the pusher and the distal tip of the needie and a deploved
position in which the proximal end of the distal anchor is disposed distal to the distal tip of
the needie; and

an artificial chordae having a proxumal portion and a distal portion terminating n a
stopper and disposed within the bore of the distal anchor with the stopper distal o the stopper
receiving portion of the distal anchor and the proximal portion proximal to the proxamal end
of the distal anchor,

the distal anchor being reconfigurable from the delivery configuration to a deploved
configuration when the distal anchor 15 in the deployved position i which the plorality of
clongate members are disposed with their proximal ends spaced radially ovtwardly from the
artificial chordae a distance sutficient to anchor the artificial chordac to the heant valve

leafiet.

5. The apparatus of claim 4, wherein the distal anchor is reconfigurable from the
delivery configuration to the deployed configuration by moving the distal end of the stopper
distally towards the distal end of the distal anchor past the proximal ends of, and between, the

clongate members to arge the clongate members radially ootwardly.

5. The apparatus of claim 3, further comprising a material coupled o a proxumal side of
gach of the elongate members and configured to promote tissue ingrowth with the heast valve
caflet.

39



WO 2017/079153 PCT/US2016/059900

7. The apparatus of claim 6, wherein the matenal exiends between the clongate
members,
3. An apparatus, comprising:

a needle having a longitudinal axis, a bore and a distal tip suitable for penstrating a
heart valve leaflet;

a pusher having a distal end, the pusher being disposed within the bore of the needle
for movement between a delivery position in which the distal end of the pusher is proximate
to the distal tip of the needlie and a deploved position n which the distal end of the pusher is
distal to the distal tip of the needle;

a distal anchor having an clongate body with a first end and an opposite, second end,
the distal anchor being disposed within the bore of the needle i a delivery configuration i
which the clongate body is oriented parallel to the bore of the needle and movable between a
delivery position it which the distal anchor is disposed between the distal end of the pusher
and the distal tip of the needle and a deploved position in which the distal anchor 1s disposed
distal to the distal tip of the needle; and

an artificial chordae having a proximal portion and a distal end coupled to the body of
the distal anchor between the first end and the second end of the distal anchor,

the distal anchor being reconfigurable from the delivery configuration to a deploved
configuration when the distal anchor s m the deploved position in which the body of the
distal anchor is oniented transvers to the longtudinal axis of the needs sufficient to anchor the

artificial chordae to the heart valve leaflet.

9 An apparatus, comprising:

a needle having a longitudinal axis, a bore and a distal up suitable for penctrating a
heart valve leaflet;

a pusher having a distal end, the pusher being disposed within the bore of the needie
for movement between a delivery position it which the distal end of the pusher s proximate
to the distal tip of the needle and a deploved position mm which the distal end of the pusher s
distal to the distal tip of the needle;

an pmbrella anchor having a closed distal end and an open proximal end, the umbrella
anchor being disposed within the bore of the needle m a delivery configuration and movable

between a delivery position in which the umbrella anchor is disposed between the distal end
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of the pusher and the distal fip of the needle and a deployed position 1n which the umbrella
anchor is disposed distal to the distal tip of the needle; and

an artificial chordac having a proximal portion and a distal end coupled to the distal
and of the umbrella anchor,

the umbrella anchor being reconfigurable from the delivery configuration to a
deployed configuration when the umbrella anchor is m the deployed position in which the
open proximal end of the body of the urnbrella anchor extends radially outwardly from the
artificial chordae a distance sufficient to anchor the artificial chordae to the heart valve

leaflet.

1 The apparatus of claim 9, further comprising a radial support member coupled t© a
proximal side of the wmbrella anchor and configured to limit deflection of the umbrella

bevond a the distal end of the umbrella anchor.

11, An apparatus, comprising:

a needle having a bore and a distal tip suitable for penetrating a heart valve leaflet;

a pusher having a distal end, the pusher being disposcd within the bore of the needle
for movement between a delivery position in which the distal end of the pusher 18 proximate
to the distal tip of the needle and a deploved position n which the distal end of the pusher is
distal to the distal tip of the needle;

a distal anchor baving a distal ¢od, a distal braided portion proximal to the distal end,
and distal collar proximal to the distal braided portion and having a diameter, and proximal
braided portion proximal to the distal collar, and a proximal collar at the proximal end of the
distal anchor, proximal to the proximal braided portion, the distal anchor being disposed
within the bore of the needle n a delivery configuration in whach each of the distal brarded
portion and the proxamal braided portion have a diameter no larger than the diameter of the
distal collar and baving a first axial length and movable between a delivery position in which
the distal anchor is disposed between the distal end of the pusher and the distal tip of the
needle and a deployed position 1o which the proximal end of the distal anchor 18 disposed
distal to the distal tip of the needle; and

an artificial chordae having a proximal portion and a distal end coupled to the distal
anchor portion,

the distal anchor being reconfigurable from the delivery configuration to a deploved
configuration when the distal anchor is in the deployed position in which cach of the distal
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braided portion and the proxamal braided portion has a diameter greater than the diameter of
the distal collar and a sccond axial length less than its respective axial length, the distal
anchor counfigured to be disposed with the distal braided portion on a first side of the heart
valve leatiet and the proximal braided portion on a second side of the heart valve leaflet, the
diameters of the first braided portion and the second braided portion sufficient to anchor the

artificial chordae to the heart valve leaflet.

12, The apparatus of clamm 11 wherein each of the distal braided portion and the proximal
braided portion i self-expanding from the delivery configuration to the deployed

configuration.

13 An apparatus, comprising:

a needle having a bore, a longitudinal axis, and a distal tip suitable for pencirating a
heart valve leaflet;

a pusher having a distal end, the pusher being disposed within the bore of the needle
for movement between a delivery position i which the distal end of the pusher is proximate
to the distal tip of the needle and a deploved position in which the distal end of the pusher is
distal {o the distal tip of the needle;

a distal anchor having a tubular body with a distal end, a proximal end, a first
clongated segment proximal to the distal end and having a first aperture therethrough, a
second clongated segment proximal to the first clongated segment and having a sccond
aperture therethrough, a first hinge couphing the first elongated segment to the second
clongated scgment for pivotal movement of the first elongated segment relative to the second
clongated scgment, a third clongated segment proximal to the second clongated segment and
having a third aperture therethrough, and a second hinge coupling the sccond elongated
segment to the third clongated segment for pivotal movement of the second elongated
segment relative to the third sccond clongated segment, the distal anchor being disposed
within the bore of the needle in a delivery configuration in which the first clongated segment,
the second clongated segment, and the third clongated scgment are orented substantially
axially and paraliel to the longitudinal axis of the needle and movable between a delivery
position in which the distal anchor is disposed between the distal end of the pusher and the
distal tip of the needle and a deployed position i which the distal anchor s disposed distal to

the distal tip of the needic; and
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an artificial chordae having a proximal portion and a distal portion terminating in a
stopper, the artificial chordae disposed with the stopper adjacent to the first aperture and
extending proximally throngh the first aperture, the second aperture and the thud aperture and
the proximal portion proximal o the proximal end of the distal anchor,

the distal anchor being reconfigurable from the delivery configuration to a deploved
configoration when the distal anchor is 1o the deploved posttion by relative movement of the
stopper towards the distal ond of the pusher to cause the first clongated segment to pivot
about the first hinge, and the third clongated scgment to pivot about the second hinge, relative
to the scoond clongated segment, so that the three clongated seogments are disposed
approximaiely paralicl, the furst hinge is spaced from the longitudinal axis of the needic n a
first lateral divection, and the second hinge 15 spaced from the longiudinal axis of the needle

1 a second lateral direction.

14, An apparatus, comprsing

a needie baving a bore, a longitudinal axis, and a distal tip soitable for penetrating a
heart valve leaflet;

a pusher having a distal end, the pusher being disposcd within the bore of the needle
for movement between a delivery position in which the distal end of the pusher 18 proximate
to the distal tip of the needle and a deploved position n which the distal end of the pusher is
distal to the distal tip of the needle;

a distal anchor baving a tubular body with a distal end, a proximal end, a central bore
thercthrough, a first clongated segment proxmmal to the distal end and having a hinge m a
central portion thereof, and a sccond eclongated segment proximal to the first elongated
segment and baving a hinge i a contral portion thereof, the distal anchor being disposed
within the bore of the needle m a debivery configuration 1n which the first elongated segment
and the second elongated scgment are orented substantially axsally and paraliel to the
longitudinal axis of the needie and movable between a delivery position in which the distal
anchor is disposed between the distal end of the pusher and the distal tip of the needic and a
deploved position in which the distal anchor 1s disposed distal to the distal tip of the needle;
and

an artificial chordae having a proximal portion and a distal portion terminating i a
stopper, the artificial chordae disposed with the stopper adjacent to the distal end of the distal
anchor, extending proximally through the central bore of the distal anchor with the proximal
portion proximal to the proximal end of the distal anchor,
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the distal anchor being reconfigurable from the delivery configuration to a deployed
configuration when the distal anchor is in the deploved position by relative movement of the
stopper towards the distal end of the pusher to cause the first clongated segment to fold about
s hinge and the second clongated segment to fold about its hinge, so that the elongated
segments project radially from the longitudinal axis of the needle sufficient to anchor the

artificial chordae to the heart valve leaflet.

15, An apparatus, comprising:

a needie having a bore, a longitudmal axis, and a distal tip suitable for penctrating a
heart valve leafietf;

a pusher having a distal end, the pusher being disposed within the bore of the needle
for movement between a delivery position in whach the distal end of the pusher 18 proximate
to the distal tip of the needle and a deploved position in which the distal end of the pusher s
distal to the distal tip of the needle;

a distal anchor having a flexable tubular body with central lumen having a distal end
and a proximal end, a distal portion and a proximal porticn separated by a partial
circumferential shit communicating with the contral humeen, the distal anchor being disposed
with the needle extending through the central lumen of the flexible twbular body m a debivery
gonfiguration in which the distal portion and the proximal portion are oriented substantially
axially and movable between a delivery position i which the distal anchor s disposed
hetween the distal end of the pusher and the distal tip of the needie and a deploved position m
which the distal anchor is disposed distal o the distal tip of the needie; and

an artificial chordac having a proximal portion and a distal portion coupled o the
distal anchor, with the distal portion extending through the partial circomdferential shit and
through the central lumen within both the distal portion and the proxamal portion of the
tabular body and  with the proximal portion proximal to the proximal end of the distal
anchor,

the distal anchor being reconfigurable from the delivery configuration o a deploved
configuration when the distal anchor is n the deploved position shoriening drawing distal
portion of the artificial through the distal anchor to draw the distal end and the proximal end
of the tubular body towards the partial circumferential shid to bend cach of the distal portion

and the proximal portion of the tubular body nto a loop.



