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DISTAL ANCHOR APPARATUS AND METHODS
FOR MITRAL VALVE REPAIR

Cross-Heference to Related Applications

1001} This application claims priority o and the benefit of US. Provisional Patent
Application No. 62/315.879, cotitled “Short Throw Distal Anchor Apparatus and Methods for
Mitral Valve Repar,” filed on March 31, 2016; U.S. Provisional Patent Apphication No.
62/249,694, entitled “Distal Anchor Apparatas and Methods for Mitral Valve Repair,” filed
on November 2, 2015, and US. Provisional Patent Apphication No. 62/236,225, eniitled
“Short Throw Distal Anchor Apparatus and Methods for Mitral Valve Repatr,” filed on

Getober 2, 2015, cach of the disclosures of which 13 mmcomporated heremn by reference v it
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gntirety,
Background
{1082] Some embodiments descrnibed herein relaie 1o methods and apparatus for

performing cardiac valve repairs, and more particuiarly, methods and apparatus for

performing mimmally invasive mitral or tricuspid valve repairs.

{1603 Various discase processes can impair the proper functioning of one or more of the
valves of the heart. These discase processes include degenerative processes {e.g.. Barlow's

g., Rheumatic Heart Disease),

o

[hsease, fibroelastic deficiency), mflammatory processes {¢
and infecticus processes {e.g., endocarditis). Additionally, damage to the ventricle from prior

heart attacks (i.¢., myocardial miarction secondary to coronary artery disgase} or other heast

However, the vast maorty of patients undergoing valve surgery, such as miural valve
surgery, suffer from a degenerative disease that causes a malfunction 1 a leaflet of the valve,

which resulis 1n prolapse and regurgitation.

1604] Generally, a heart valve may malfunction in two different ways. One possible
malfonction, valve stonosis, occurs when a valve does not open completelv and thereby
canses an obstruction of blood flow. Tyvpically, stenosis resulis from buildup of calaified
material on the leaflets of the valves causing them to thicken and theveby mmparing their

ability to fully open and permut adequate forward blood flow,
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{1605} Another possible malfonction, valve regurgitation, occurs when the leaflets of the
valve do not close completely thereby causing blood to leak back mito the prior chamtber.
There arc three roechamisms by which a valve becomes regurgitand or incompetent; they
melude Carpentier's type L, type I and type HH malfunctions. A Carmpentier type | malfunction
mvolves the dilation of the anmulus such that the area of the valve onfice increases. The
otherwise normally functioning leaflets do not have enough surface area to cover the endarged
orifice and faid to form a hght secal (ie., do not coapt properly) causing rogurgiation,
Included n a type | mechanism malfonction are perforations of the valve leaflets, as
endocarditis. A Carpentier's type H malfunction mvolves prolapse of a segment of one or
both leaflets above the plane of the annulus. This is the most comman cause of mitral
regurgitation, and is often caused by the stretching or ruptunng of chordae tendincae
normally connected to the leafiet. A Carpentier's type I malfunction wvolves restriction of
the motion of one or more leaflets such that the leaflets are aboormmally constrained below the
evel of the plane of the annulus. Leaflet restriction can be caused by theumatic disease (1Ha)

or dilation of the veninicle (Ib).

{1006] Mitral valve discase is the most common valvular heart disorder, with nearly 4
mithon Americans estimated to have moderate to severe mitral valve regurgitation (“MR™).
MR results inn a volume overload on the left ventricle which in twrn progresses to ventricular
dilation, decreased cjection performance, pulmonary hyperionsion, symptomatic congestive
heart famlure, atrial fibriliation, nght ventnicular dysfunction and eventually death. Successfid
surgical nutral valve repair restores mitval valve competence, abolishes the volurne overload
on the ket ventricle, improves symptom status, provents adverse left ventricular remodeling
and dramatically improves life expectancy, often retuming it to that of a normal member of

the population.

{1607} Malfunctoning valves may either be repaired or replaced.  Repair typically
mvolves the preservation and correction of the patient’s own valve. Replacement typically
mvolves replacing the patient's malfunctionmmg valve with a biclogical or mechanical
substitute. Typically, replacement 18 preferred for stenotic damage sustaimed by the leaflets
because the stenosis is irreversible. The mitral valve and tnicuspd valve, on the other hand,
are more prong to deformation. Deformation of the leaflets, as described above, prevents the

valves from closing properly and allows for regurgitation or back flow from the ventricle wto
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the atrium, which results in valvular insufficiency. Deformations in the structure or shape of

the mitral valve or tricospid valve are often repairable.

{1608} in mitral valve regurgitation, repair is preforable fo valve replacorment. Mitral
valve replacement operations have a 2x higher nisk of operative mortality {Risk Standardized
Mortality 1.63% vs 2.96%;), 2x lngher nisk of stroke per vear (1.15% + 0.1% va 2.2% + 0.4%
and a 10x higher rigk of mfection per vear (80.1% vs 1.09}. Patients who receive a quality
mutral valve repair operation do not require anticoagulation and rarely require reoperation.
This 1s i stark contrast o wwechanical valve roplacerment which mandates hifclong
anticoagulation and bioprosthetic valve replacement with the eventual certainty of prosthetic
valve dysfunction and reoperation. Compared fo mutral valve replacement, mitral valve
repair results in improved loff ventricufar function and has seperior long form survival
Therefore, an tuproperly functioning mitral valve or tricuspid valve 1s ideally repaired, rather
than replaced.  However, because of the complex and techmical demands of the repar
procedures, the gutral valve is still replaced 1n approximately one third of all mitral valve

operations performed 1o the United States.

|1009) Studies suggest that Carpentier type i malfunction, often referred to as
“Dicgencrative,” “Prmary” or “Organic” MR, accoumis for as swch as 60% of MR
Resectional mitral valve repair techmgues, mitially described by Dr. Carpentier, mvolve
cutting out {resecting) a section of the prolapsed leaflet tissue, stitching the remaining tissug
together and wuplanting an asouloplasty nng arcued the amnulus. More recently many
gurgeons have moved to a “pon-resectional” vepair technique where artificial chordae
tendineae (“neochords™) made of ePTEE suture, or ancther sutable matenal, are placed m
the prolapsed leaflet and secured to the heart in the left ventricle, normally to the papiliary
muscle. Because the native leaflet tissue 1s maimtained in non-resectional repairs, they often
result v a larger surface of coaptation between the posterior and antenior roitral valve
leaflets, but properly sizing the neochords on a Haccid heart can be very challenging,

especially for the low volume mitral valve surgeon.

[1610] Carpentier tvpe I malfunction, sometimes referred to as “Secondary” or
“Functional” MR, 15 associated with heart failure and affocts between 1.6 and 2.8 nullion
people m the United Sates alone. Studies have shown that mortality doubles in patients
with untreated mitral valve regurgitation after mvocardial nfarction. Unfortanately, there is
no gold standard surgical treatment paradigm for functional MR and most functional MR

~
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patients are not referred for surgical mtervention due to the significant morbidity, nisk 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 patientds sufferimg from functional MR and the long term officacy
ts still unclear. Dr. Alfiert has domonstrated the benefit of sccuring the midpoint of botk
leaflets together creating a double ornifice valve in patients with MR known as an “Edge-to-
Fdge” repair or an Alfiert procedure. The ability to combine a neochordal repair with an
cdge~to-edge repair m degenerative MR patients with a dilated annulus and who do not
reccive an anmifoplasty ring because the repair is done in a mindmally-invasive, off-pump

procedure, has particular pronuse.

jEG11] Regardless of whether a replacement or repair procedure 1S being performed,
conventional approaches for replacing or repairing cardiac valves are typically mvasive open-
heart surgical procedores, such as sternotomy or thoracotomy, which require opening up of
the thoracic cavity so as to gain access o the heart. Once the chest has been opened, the
heart 15 bypassed and stopped. Cardiopulmonary bypass is typicallv established by mserting
cannulae nio the superior and nferior vena cavae {for venous drainage) and the ascending
aorta (for artenal perfusion), and connecting the cannulac to a heart-hing machine, which
functions to oxygenate the venous blood and pump it into the arterial circulation, thereby
bypassing the heart. Once cardiopuimonary byvpass has been achieved, cardiac standstill s
catablished by clamping the aorta and delivering a "cardioplegia” solution into the aortic root
and then info the coronary circufation, which stops the heart from beating. Once cardiac
standstill has been achioved, the surgical procedure may be performed. These procedures,
however, adversely affect almost all of the organ systems of the body and may lead io
complications, sach as strokes, myocardial "stunning” or damage, respiratory failure, kidoey
failore, blecding, generalized mflammation, and death. The risk of these complications is
directly related to the amount of time the heart s stopped ("cross-clamp time™} and the

amount of fime the subject is on the heart-lung machine ("purnp time™).

{1012} Thus there is a significant necd to perform mitral valve repairs using less mvasive
procedores winle the heart is still beating. Accordingly, there is a contimung need for new
procedures and devices for performing cardiac valve repairs, such as nutral valve repair,
which arc less invasive, do not require cardiac amest, and are less labor-intensive and

technically challenging.



Summary

[1013] Apparatus and methods for performing a non-invasive procedure to repair a
cardiac valve are described herein. In some embodiments, devices to deliver a distal anchor
within the atrium of the heart are described herein. Such a device can include a handle, an
actuator operably coupled to the handle, a pusher device, a puncture member coupled to the
actuator and at least partially disposed within a lumen defined by the pusher device, an
artificial chordae and a distal anchor. The distal anchor is disposed at a distal end portion of
the artificial chordae and disposed in a delivery configuration. The artificial chordae has a
proximal end portion coupled to the handle. The proximal end portion of the artificial
chordae extends through a lumen defined by the puncture member. The actuator can be
actuated to move the puncture member distally a preset distance, and to move the pusher
device distally such that at least a portion of the distal anchor is moved distal to the distal end
of the puncture member and the distal anchor is moved from its delivery configuration to a

deployed configuration.

[1013a] In another embodiment, an apparatus for performing cardiac valve repairs
comprises a handle, an actuator operably coupled to the handle, a pusher device defining a
lumen, a puncture member coupled to the actuator and at least partially disposed within the
lumen of the pusher device, an artificial chordae and a distal anchor. The distal anchor is
disposed at a distal end portion of the artificial chordae and disposed in a delivery
configuration. The artificial chordae has a proximal end portion coupled to the handle and
extending through a lumen defined by the puncture member, the actuator is configured to be
actuated at a first time period such that (1) the puncture member is moved distally a preset
distance, and (2) the pusher device is moved distally such that at least a portion of the distal
anchor is moved distally relative to the puncture member and disposed distal to the distal end
of the puncture member. The actuator is configured to be actuated at a second time period
after the first time period such the distal anchor is moved from the delivery configuration to a

deployed configuration.

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.

[1020] FIG. 4 is a schematic illustration of a delivery device, according to an

embodiment, shown inserted into a portion of a heart.

S5a
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{1621} FIG. 3 1s a schematic tdhustration of two anchor-tother apparatus shown implanted

within a heart, according to an cmbodiment.

{1022} FIG. 6 1s a schematic illustration of a distal anchor delivery device, according o
an embodiment, shown in a fust configuration prior to deployvment of a distal anchor through
a roitral leaflet of a heart and showing the lumen of the outer tube and the lumen of the

pusher device.

{1023] FIG. 7 13 a schematic illustration of the distal anchor delivery device of FIG. 6,
shown in a first configuration during deplovment of a distal anchor through a mitral leaflet of

a heart.

{1624} FIG. 8 15 a schematic lustration of the distal anchor delivery device of FiG. 6,

shown in a second configuration during deployment of a distal anchor.

1025) FIG. 9 i3 a schomatic illustration of the distal anchor delivery device of FIG. 6,

shown m a third configuration showing formation of the distal anchor during deployment,

{1026] FIG. 10 15 a schematic tllustration of the distal anchor delivery device of FIG. 6,
shown n a fourth configuration showing the delivery device being retracted after deplovment

of the distal anchor,

{1627} FIG. 11 13 a perspectuve view of the distal anchor of FIG. 6 shown in an clongated

cotled configuration and disposed about the needle of the delivery device.

j1628] FIG. 12 15 a side view of the distal anchor of FIG. 6, shown i a cotled knot

configuration.

{1629} FIG. 13A 15 a side view of a single coilloop vanation of the distal anchor of FIG.
& shown in an elongated coiled configuration; FIG. 13B is a side view of the single coil/loop
variation of the distal anchor of FIG. 13A 10 a partially cotled knot configuration; and FIG.
13C 18 a side view of the single cotl/loop variation of the distal anchor of FIG. 13A in a

cotled knot configuration.

{1836} FIG. 14A 18 a schematic iHostration of a side view of a distal anchor delivery
device according to another embodiment, shown in a first configuration prior to deployment

of a distal anchor through a mitral leaflet of a heart.

(w2
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{1831} FIG. 14B 18 a schematic Hustration of a side view of the distal anchor delivery
device of FIG. 144, shown m a second configuration during deployment of a distal anchor

through a mutral leaflet of a heart,

{1632} FIG. 14C 1s a schematic dlustration of a side view of the distal anchor delivery

device of FIG. 14A, shown 1n a third configuration dunng deplovment of a distal anchor.

{1833} FIG. 14D 15 a schematic dlustration of a side view of the distal anchor delivery

device of FIG. 14A, shown in a fourth configuration during deployment of the distal anchor.

{1634} FIG. 14E 15 a schematic dlustration of a side view of the distal anchor delivery
device of FIG. 14A, shown i a fifth configuration as the delivery device 18 being retracted

after deployment of the distal anchor.

{1835] FIG. 15A 18 a cross-sectional side view of a distal anchor delivery device,

according to ancther embodiment.

{1836} FIG. 158 15 an eonlarged cross-sectional side view of a portion of the distal anchor

delivery device of FIG. 15A.

{1837} FIG. 15C 1s a perspective view of a distal end portion of the delivery device of

FIG 154

{1638} FIG. 15D 13 a perspective view of a proximal end portion of the debivery device of

FIG. 15A showing a suture catch of the delivery device in an open position.

{1639) FIG. 16 15 a perspective view shown partially in cross-section of the distal anchor
delivery device of FIG. 134, shown n a first configuration prior fo deployment of a distal

anchor through a mitral leaflet of a heart.

{1040] FIG. 17A 18 a perspective view shown partially in cross-section of the distal
anchor debivery device of FIG. 15A, shown i a second configuration during deployment of a

distal anchor.

{1041} FIG. 178 13 a side view of a distal end portion of the delivery device of FIG. 15A,

shown with the distal anchor m a first configuration.
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{1842} FIG. 18A is a perspective view shown partially in cross-section of the delivery

device of FIG. 15A, shown during deployment of a distal anchor.

[1043] FIG. 188 15 a side view of a distal end portion of the delivery device of FIG. 154,

shown with the distal anchor 1 a first configuration.

{1044§ FIG. 19A is a perspective view shown partially in cross-section of the delivery

device of FIG. 154, shown in g third configuration.

{1045] FIG. 198 1s a side view of a distal end portion of the delivery device of FIG. 134,

showing formation of the distal anchor into a second configuration during deplovment.
& & & o

{1046] FIG. 20A i a perspective view shown partially 1o cross-section of the anchor
delivery device of FIG. 15A, shown m a fourth configuration showing the delivery device

being retracted after deployment of the distal anchor,

{1047} FIG. 208 18 a side view of a distal end portion of the debivery device of FIG. 154,

showing the delivery device being retracted after deployment of the distal anchor.

{1848} FIG. 21 1s 8 cross-sectional side view the delivery device of FIG. 154, showing

the pusher hub when released from the plonger during deployment,

{1049] FIGS. 22A-22€ are a side view, a top view m cross-sechion, and a side view
cross-section, respectively, of a fluid transfer system of the distal anchor delivery device of

FIG. 154,

{1654) FIGS. 23-27 illustrate delivory and deployment of a distal anchor using the

delivery device of FIG. 15A.

{1051} FIG. 28A 15 a schematic Hustration of a side view of a distal anchor delivery
device accordmg to another embodiment, shown in a first configuration prior to deplovment

of a distal anchor through a mitral leaflet of a heart.

{1852} FiG. 288 15 a schematic Husiration of a side view of the distal anchor delivery

device of FHG. 28 A, shown in a second configuration during deplovment of the distal anchor,

[1053) FIG. 28C 15 a schematic tlustration of a side view of the distal anchor delivery

deviee of FIG. 28A, shown in a third configuration during deplovroent of the distal anchor.
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{1854} FIG. 28D 15 a schematic illustration of a side vigw of the distal anchor delivery

device of FEG. 28A shown in a fourth configuration during deplovment of the distal anchor,

1055) FIG. 28E is a schematic dlustration of a side view of the distal anchor delivery
deviee of FIG. 28A, shown in a fifth configuration as the delivery device 18 being retracted

after deplovment of the distal anchor.

{10546] FIG. 29A s a schematic Hustration of a side view of a distal anchor delivery
device according to another embodiment, shown in a first configuration prior {0 deployvment

of a distal anchor through a mitral leatlet of & heart.

{1657} FIG. 29B 18 a schematic Hustration of a side view of the distal anchor delivery

device of FEG. 294, shown inn a second configuration during deployment of the distal anchor.

{1858] FIG. 29C 15 a schematic tllustration of a side view of the distal anchor delivery

device of FIG. 29A, shown in a third configuration during deplovment of the distal anchor.

{1659] FIG. 298 15 a schematic dlustration of a side view of the distal anchor delivery

device of FIG. 29A, shown in a fourth configuration during deployment of the distal anchor.

{1060} FIG. 29E is a schematic dlustration of a side view of the distal anchor delivery
deviee of FHG. 29A, shown in a fifth configuration as the delivery device 18 being retracted

after deplovment of the distal anchor.

{1061] FIG. 30A 15 a schematic Hustration of a side view of a distal anchor delivery
device accordmg to another embodiment, shown in a first configuration prior to deplovment

of a distal anchor through a mitral leaflet of a heart.

{1662} FIG. 30B 18 a schematic Hustration of a side view of the distal anchor delivery

device of FIG. 30A shown it a second configuration during deplovment of the distal anchor.
5 g £ h

[1063] FIG. 30C 15 a schematic tlustration of a side view of the distal anchor delivery

deviee of FIG. 30A, shown in a third configuration during deplovroent of the distal anchor.

{1664} FIG. 30D is a schematic dhustration of a side view of the distal anchor delivery

deviee of FIG. 304, shown in a fourth configuration during deployment of the distal anchor.
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{1065] FIG. 30F is a schematic illustration of a side view of the distal anchor delivery
device of FIG. 30A, shown m a fifth configuration ag the delivery device is being retracted

after deplovment of the distal anchor.

{1066} FIG. 31 15 a schematic dlustration of a distal anchor shown in an clongated

configuration, according to an ernbodiment.

{1867} FIGS. 32A-32F illustrate m sequence the formation of the distal anchor of FIG. 31
about an exterior of a distal end portion of a dehvery device, shown m an clongated

configuration.

{1 068] FIGS. 33A-330 illastrate an example procedure for preparing a delivery device to

deliver a distal anchor, according to an embodiment,

{18369] FIGS. 34A-34H dlustrate an example method of forming a distal anchor about an

exterior of a needle.

{1670 FIG. 35 i3 a stde view of a distal anchor according to another embodiment, shown

i a first delivery configuration.

{1671} FIG. 36 15 a side view of the distal anchor of FEG. 35 shown in a second deployed

configuration.
{1672} FIG. 37 13 a perspective view of a distal anchor according to ancther embodiment,

shown m a delivery configuration.

{1673} FIG. 38A 15 a side view of g distal anchor according to another erabodiment

shown in a first debivery configuration.

{10674] FIG. 38B 15 a side view of the distal anchor of FIG. 38A shown in a second

debvery configuration.

{1675} FIGS. 38C and 38D illustrate a side view and a perspective view, respectively, of

the distal anchor of FIG. 38A shown in a deployed configuration.

{1876] FIG. 39A 18 a side view of a distal anchor according to ancther embodiment

shown in a delivery configaration; FIG. 398 is a side view of the distal anchor of FIG. 3%A

10
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shown in a partially deployed configuration; and FIG. 39C is a side view of the distal anchor

of FI(z. 39A in a deploved configuration.

{1677) FIG. 40A 15 a side view of a distal anchor according o ancther embodiment
shown in a delivery configuration; FIG. 408 19 a side view of the distal anchor of FIG. 40A
shown n a partially deploved configuration; and FIG. 400 15 a side view of the distal anchor

of FI(z. 40A 1 a deploved configuration.

{1678] FIG, 41A 18 a side view of a distal anchor according o another embodiment,

shown in a delivery configuration and disposed within a umen of a delivery device.
{1679} FIG. 418 is dlustrates the distal anchor of FIG. 41A 10 the debivery configuration.

{1080] FIG, 410 illustrates the distal anchor of FIG. 41A m a partially deploved

configuration.
{1081} FIG. 410 silustrates the distal anchor of FIG. 41A 1 a deployed configuration,

{1082] FIGS. 42A and 42B ilustrate the distal anchor of FIG. 414, shown m the

deploved configuration.

{1683} FIGS. 43A-43C sllustrate a distal anchor according to another embodiment, shown

m a deploved configuration.

{1084] FIG. 44A silustrates a distal anchor according to another embodiment, shown m a

delivery configuration.

{1085] FIG. 448 dlustrates the distal anchor of FIG. 44A, shown with reference 1o a

valve leaflet and m the delivery configuration.

1086} FIG. 44C slfustrates in cross-section the distal anchor of FIG. 44A, shown in the

delivery configuration.

{10687} FIG. 445 illustrates the distal anchor of FIG. 44A, shown with reference to the

valve lcaflet and mw a deploved configuration.

{1088} FIG. 44F ilustrates in cross-section the distal anchor of FiG. 44A, shown with

reference o the valve leaflet and in the deploved configuration.

I
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{1689} FIGS. 45A and 45B are side views of a distal anchor according to another

embodiment, shown in a debivery configuration and a deploved configuration, respectively.

{1099] FIG. 45 15 a perspective view of the distal anchor of FIGS. 45A and 458, shown

1 the deploved configuration.

{1891} FIG. 46A illustrates a distal anchor according to ancther embodiment, shown o a

in a delivery configuration,

J1092) FIG. 468 15 a schematic of the distal anchor of FIG. 46A, shown 1n a deployed

configuration.

Detailed Description

{1893} Apparatus and methods for performing a non-mvasive procedure to ropair a
cardiac valve, such as a mitral valve or tricuspid valve, are descrbed herein.  In some
crabodiments, a method for repainng a nutral valve imchudes nserting a delivery device
through an apex region of a heart and extonding a distal end of the debivery device 1o the
proximal side of a leaflet of the mitral valve. A picreing portion of the delivery device can be
used to form an opening in the leaflet, through which the distal end of the delivery device can
be wnserted. The delivery device can be used to form or deliver a distal anchor to the distal
side of the leaflet. The location of the opening in the leaflet and the placement of the distal
anchor can be anywhere m the leaflet from the free edge up to the base of the nutral valve
leatflet and even 1 the mutral-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, 2 proximal anchor. The combined distal
anchor, tether and proximal anchor is also referred to herein as an anchor-tether apparatus.
Betore the proximal anchor of the anchor-tether apparatus is fixed 1o the heart, the length of
the tether portion can be adjusted so that the distal movement during svstole of the prolapsed
segment of the prolapsed leaflet to which the tether portion 1s coupled by the distal anchor s
hmited by the tether apparatus during systole. Properly adjusting the length of the anchor-
tether apparatas while the heart is beating allows the operator to precisely titrate the position
of the prolapsed segment of the prolapsed leaflet in real time to prevent the leaflet from
extending above the plane of the anmulus {prolapsing}. but so that the prolapsed segment of

the prolapsed leaflet can move distally during svsiole a sufficient distance to coapt property
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with the other leaflet(s). This adjustment can imvolve 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 1o the leaflet, and or can be performed on the other leaflet of the mitral valve to
deliver one more anchor-tether apparatuses to the other keaflet {or {0 both of the other leatlets,
i the case of a tricospid valve). In the case of multiple anchor-tether apparatuses, the tether
adjustment procedure can be done one at a time or alf at once with the goal of maximizing the

surface of coaptation between the leaflets, and elinunating MR

{1094] In some embodiments, a delivery device is provided to perform the above repair
procedore. Such a delivery device can include, for example a distal end portion that includes
a picrcing portion and a support portion, an clongate member coupled fo the distal end
portion, and an actuating handle coupled fo a proximal end portion of the clongaic member,
The piercing portion of the distal end portion of the delivery device can be used to form the
opening in the feaflet of the mutral valve. The support portion of the distal end portion can be
used fo 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.

{1695} In some embodiments, an apparaius includes a handle, an actuator operably
coupled to the handle, a pusher device defining a lumen, a puncture member coupled to the
actuator and at least partially disposed withun the lumen defined by the pusher device, and a
distal anchor. The distal anchor 1s disposed at a distal end portion of an artificial chordae and
disposed in a dehvery configuration.  The artificial chordas has a proximal end portion
coupled to the actuator. The proximal end portion of the artificial chordae extends through a
fumen defined by the puncture member. The actuator can be actuated to move the puncture
member distally a preset distance and to move the pusher device distally 1o move the distal
anchor distal to the distal end of the punciure member and to move the distal anchor from the

delivery configuration to a deployed configuration.

{1096) in some embodiments, a method includes nserting a distal end portion of a
debivery device through an apex region of a heart, through a ventricle of the heart and 1o a
proximal side of a valve leatlet. The delivery device has a distal anchor disposed i a
delivery configuration at a distal end portion of the debvery device. A distal end of the

delivery device is positioned in contact with the proximal side of the leatlet of the valve. The

i3
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delivery device 15 actuated {o move the puncture member distally through the leaflet a preset
distance ouiside the distal end of the delivery device and on a distal side of the leaflet. The
puncture member forms, creates or otherwise defines an opening in the leaflet as the punciure
member is moved through the leafiet. The distal anchor is disposed at a distal end portion of
an artificial chordac. The artificial chordae extends through a lumen of the puncture member
and has a proximal end portion coupled to the delivery device. The actuating the delivery
device includes moving the distal anchor distally relative to the puncture member to move the

distal anchor to a deploved configuration.

{1097] In some embodiments, an apparaius mcludes a handle, an actuator operably
goupled to the handle, a pusher device defining a lumen, a punchure member coupled to the
actuator and at least partially disposed within a fumen defined by the pusher device, and a
distal anchor. The distal anchor is disposed at a distal end portion of an artificial chordae and
disposed 1n a dehivery configuration. The atificial chordae has a proximal end portion
coupled o the handle. The proximal end portion of the artificial chordae extends through a
humen defined by the puncture member. The actuator can be actuated at a first time pernind o
move the puncture member distally a preset distance and to move the pusher device distally
such that at least a portion of the distal anchor 1s moved distally relative to the puncture
member and disposed distal to the distal end of the poncture member. The actuator can be
actuated at a second time period after the first time period o move the distal anchor from iis

delivery configuration to a deploved configuration.

{1098] In some embodiments, a method includes inserting a distal end portion of a
debivery device through an apex region of a heart, through a ventricle of the heart and to a
proximal side of a valve leaflet. The delivery device has a distal anchor disposed in a
delivery configuration at a distal end portion of the delivery device. A distal end of the
delivery device 18 positioned n contact with the proxumal side of the leaflet of the valve, The
delivery device 1s actuated during a first time period to move the puncture member distally
through the leaflet a preset distance outside the distal end of the delivery device and on a
distal side of the leaflet. The punciure member forms, creates, or otherwise defines an
opening 1n the leaflet as the puncture member 1s moved through the leaflet. The distal anchor
is disposed at a distal end portion of an artificial chordae that extends through a lumen of the
puncture menber and has a proximal end portion coupled to the actuator.  Actuating the

delivery device durmg the first time period moves the distal anchor distally relative to the
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punchure member, through the opening 1 the leaflet such that at least a portion of the distal
anchor s disposed distal to the distal end of the puocture member. The delivery device is
actuated during a second time period after the first time period to move the proximal end
portion of the amificial chordae proximally causing the distal anchor to move to a deploved

configuration.

{1899} Ag ustrated in FIG. 1, the human beart 10 has fowr chambers, which mchde two
ppper chambers denoted as atria 12, 16 and two fower chambers denoted as ventricles 14, 18
A septum 20 {see, c.g., FIG. 3} divides the heart 10 and separates the left atrium 12 and left
ventricle 14 from the night atrim 16 and night ventricle 18, The heart further contams four
valves 22, 23, 26, and 27, The valves function to mamtam the pressure and vmdirectional
flow of blood through the body and to prevent blood from leaking back into a chamber from

which it has been pumped.

{1100 Two valves separate the atria 12, 16 from the ventricles 14, 18, denoted as
atrtoventricular valves. The mitral valve 22, also known as the left atnioventnoular valve,
gontrols the passage of oxygenated blood from the left atrium 12 to the feft ventncie 14, A
second valve, the aortic valve 23, separates the left ventricle 14 from the aortic artery (aorta}
29, which delivers oxvgenated bload via the circulation 1o the entire body, The aortic valve
23 and nutral valve 22 are part of the "left” heart, which controls the flow of oxvgen-rich
blood from the fougs to the body, The right atrioventricular valve, the tricuspid valve 24,
condrols passage of deoxygenated biood into the right veninicle 18 A fourth valve, the
pulroonary valve 27, separates the right ventnicle 18 from the pulmonary artery 25, The nght
ventricle 18 pumps deoxvgenated blood through the pulmonary artery 25 to the hings
wherein the blood 1s oxygenated and then delivered to the left atrium 12 via the pulmonary
vein. Accordingly, the tricuspid valve 24 and pulmonic valve 27 are part of the "right” hear,

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

{1161] Both the left and right ventricles 14, 18 constituie "pumping” chambers., The
aortic valve 23 and pulmonic valve 27 lie between a pumping chamber {veniricle} and a
major artery and coutrol the flow of blood out of the ventricles and into the circulation. The
aortic valve 23 and pulmonic valve 27 have three cusps, or leaflets, that open and closc and
thereby function to prevent blood from leaking back mio the ventnicles after being gjected

mto the lungs or aorta 29 for arculation.
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{1192} Both the left and right atria 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 atna to the ventricles and prevent blood from leaking
back mto the atrium dunng ejection from the ventnicle.  Both the maural valve 22 and
tricuspid valve 24 include two or more cusps, or lgaflets {not shown m FIG. 1}, that are
gncircled by a variably deuose fibrous ring of tissues known as the anmidus (not shown in FIG.
1}. The valves arc anchored to the walls of the ventricles by chordae tendineae {chordac) 17,
The chordae tendmeae 17 are cord-hike tendons that conmect the papillary muscles 19 to the
leaflets (not shown in FIG. 1) of the mural valve 22 and tricuspid valve 24 of the heart 10
The papillary muscles 19 arc located at the base of the chordac 17 and are within the walls of
the ventricles. The papillary muscles 19 do not open ot close the valves of the heart, which
close passively 1 response to pressure gradients; rather, the papillary muscles 19 brace the
valves againgt the high pressure needed to circulate the blood throughout the body. Together,
the papiliary muscles 19 and the chordac tendincae 17 are kmown as the subvalvudar
apparatus. The function of the subvalvular apparatus 1s to keep the valves from prolapsimg

mto the atria when they close.

{1183} The mutral valve 22 1s ilhustrated 1w FIG. 2A. The sutral valve 22 meludes two
leaflets, the anterior leaflet 32 and the posterior leaflet 34, and a diaphanous incomplete ring
around the valve, calied the anmulus 53 The mural valve 27 has two papillary muscles 19,
the anteromedial and the posterolateral papillary muscles (see, ¢.g., FIG. 1), which attach the
leaflets 52, 54 to the walls of the left ventricle 14 via the chordag tendincas 17 {see, e.g., FIG.

.

{1104 FIG. 2B iilustrates a prolapsed mitral valve 22, As can be seen with reference to
FIG. 2B-28, prolapse occurs when a prolapsed segment of a leaflet 32, 54 of the wutral valve
22 1s displaced above the plane of the witral annulas into the left atnom 12 {see FIGS. 2C
and 2D} preventing the leaflets from properly sealing together to form the natural plane or
hine of coaptation between the valve leafleis during systole. Because one or more of the
leaflets 32, 54 malfunction, the nutral valve 22 does not close properly, and, therefore, the
feaflats 52, 54 fail to coapt. Thas fmhure to coapt causes a gap 35 between the leaflets 52, 54
that allows blood to flow back mto the left atrium, during systole, while i is being ejected by
the lefi veninicle,  As set forth above, there are several different ways a leaflet may

malfonction, which can thereby lead to regurgiation.



WO 2017/059426 PCT/US2016/055170

{1105] Mitral valve regurgitation increases the workload on the heart and may lead to
very sericus conditions if loft ou-treated, such as decreased ventricolar function, pulmonary
hyportension, congestive heart fatlure, peomanent heart damage, cardiac arrest, and ultimately
death. Since the loft heart is primanly responsible for arculating the flow of blood
throughout the body, malfunction of the mitral valve 22 1s particolarly problematic and often

life threatening.

{1106} As deseribed in detail in PCT Iuternational Application No. PCT/US2012/043761
{published as WO 2013/003228 A1) Greforred to herein as “the 761 PCT Application), the
entire disclosure of which s mcorporated herein by refercnce, methods and devices are
provided for performing non-invasive proceduares to repair a cardiac valve, such as a mitral
valve., Suach procedures include procedures to repair regurgitation that ocours when the
feaflets of the wnutral valve do not coapt at peak contraction pressures, resulting in ap
andesired back flow of blood from the veninicle mto the atrium.  As deseribed m the 761
PCT Application, after the malfimctioning cardiac valve has been assessed and the source of
the malfunction verificd, a corrective procedure can be performed. Various procedures can
be performed in accordance with the methods desceribed therein to effectuate a cardiac valve

repair, which will depend on the specific abnormality and the tissaes mvolved.

{1197} In one example method, the heart may be accessed through one or more openings
made by a small incision{s} in a portion of the body proximal to the thoracic cavity, for
cxample, between one or more of the ribs of the b cage of a patient, proximaie o the
xyphoid appendage, or via the abdomen and diaphmagm.  Access io the thoracic cavity may
be sought s0 as to allow the insertion and vse of one or more thorascopic mstruments, while
access to the abdomen may be sought so as to allow the osertion and use of one or more
flaparoscopic mstruments.  Insertion of one or more visualizing instruments may then be
followed by transdiaphragmatic access 1o the heart, Additionally, access to the heart may be
gamed by direct puncture (1.e., via an appropnately sized needle, for instance an 18 gauge
needle} of the heart from the xyphoid region. Accordingly, the one or more incisions should
be roade i such a manner as to provide an approprate surgical field and access site to the
heart. Aceess may also be achieved asing percutaneous methods, See for mstance, Full-
Spectrum Cardiac Surgery Through a Minimal Incision Mini-Sternotomy (Lower Half}
Technigue Poty ot al. Anmals of Thoracic Swrgery 1998 65(2) 573-7 and Transxiphoid

Approach Without Median Stermotomy for the Repair of Atnal Scptal Defects, Barbero-
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Marcial et al. Annals of Thoracic Surgery 1998; 63(3): 771-4, which are incorporated in thew

entirety herein by reference.

{1148} After prepping and placing the subject under anesthesia, a transesophageal
echocardiogram {(TEE} (2D or 313}, a transthoracic echocardiogram (TTE), miracardiac echo
{(JCE}, or cardio-optic direct visualization {e.g., via infrared vision from the ip ofa 75 F

catheter} may be performed fo assess the heart and its valves.

{1109} After a uumally invasive approach is determined to be advisable, one or more
meisions are made proximate (o the thoracic cavity so as to provide a surgical figld of access.
The total number and length of the incisions to be made depend on the number and types of
the mstruments to be used as well as the procedure(s) to be performed. The incision(s)
should be made n such a manner so as to be minimally invasive. As referred to herein, the
term "punimally invasive” means o a manner by which an inferior organ or tissuc may be
accessed with as Little as possible damage being done to the anatomical structure through
which entry 18 sought.  Typicallv, a2 mimmally invasive procedure 1s one that involves
aceessing a body cavity by a small mncision of, for example, approximately Sem or less made
i the skin of the body. The incision may be vertical, horizontal, or slightly curved. If the
mcision is placed along one or more ribs, i should follow the cuthine of the ub. The oponing
should extend deep enough 1o allow access to the thoracic cavity between the nibs or under
the sternom and is preferably set close to the rib cage and/or diaphragm, dependent on the

entry point chosen.

{1119] {One or more other mcisions may be made proximate to the thoracic cavity o
accommodate insertion of a surgical scope so as 1o allow ready access to and visualization of
the heart. The surgical scope may be any type of endoscope, but is tvpically a thorascope or
laparoscope, dependent spon the type of access and scope to be used. At this point, the
practitioner can confirm that aceess of one or more cardiac valves through the apex region of

the heart 1s appropriate for the particular procedure to be performed.

111y} Unce a suitable ontry point has been cstablished, the surgeon can use one or more
sutures o make a series of stiches i one or more concentric circles in the myocardivm at the
desired location to create a “pursestring” closure. The Seldinger techmique can be used to
access the left ventricle in the area surrounded by the pursestring suture by punctoring the

myocardiurn with a small sharp hollow necdle (a “trocar™) with a guidewire 10 the fumen of
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the trocar. {Once the ventricle has been accessed, the guidewire can be advanced, and the
trocar removed, A valved-mtroducer with dilator extending through the lumen of the valved-
mitroducer can be advanced over the guidewure 10 gain access to the left ventricle. The
guidewire and dilator can be removed and the valved-mitroducer will mamtain hemostasis,
with or without a soitable delivery device mserted therein, throughout the procedurs.
Alernatively the surgeon can make a small incision in the myocardinm and insert the valved-
mitroducer into the heart via the incision.  Once the valved-introducer s properdy placed the

pursestring suture is tighiened to reduce bleeding around the shaft of the valved-introducer.

{1117 A suitable device such as a delivery device described herein, may be advanced
mto the body and through the valved-introdacer in a manner so as {o aceess the left ventricle.
The advancement of the device may be performed in conjunction with sonography or direct
visualization {e.g., dircct transblood visualization). For example, the delivery device may be
advanced in conjunction with TEE gudance or ICE so as to facihiaie and direct the
movement and proper positionmg of the device for contacting the appropriate apical region of
the heart. Typical procedurcs for use of echo guidance are set forth m Suvematsy, Y., 1
Thorac. Cardiovase. Surg. 2005; 130:1348-1356, herem incorporated by reference 1o s

entirety.

{1113} As shown 1 FIG. 3, one or more chambers, ie, the loft atrum 12, left ventricle
14, right atriom 16, or right vendricle 18 in the heart 10 may be accessed in accordance with
the methods disclosed herein.  Access wnto a chamber 12, 14, 16, 18 mn the heart 10 may be
made at any suitable site of entry but is preferably made n the apex region of the heart, for
example, slightly above the apex 26 at the level of the papillary muscles 19 (see also FIG.
2C). Typically, access into the left ventricle 14, for instance, to perform a mutral valve repair,
1s gained through the process described above performed in the apical region, close to {or
shightly skewed toward the left of} the median axas 28 of the heart 10, Typically, access mito
the night ventricie 18, for nstance, to perform a tnicuspid valve repair, is gained through the
process described above performed in 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 heart 15 a
bottom region of the heart that 18 within the feft or right 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
speeificallv, an "apex region” AR of the heart {see FIGS 2C and 3} is within a few

centimeters to the right or to the left of the septum 20 of the heart 10 at or near the level of
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the papillary muacles 19, Accordingly, the ventricle can be aceessed directly via the apex 26,
or via an off apex location that is in the apical or apex region AR, but slightly removed from
the apex 26, such as via a lateral ventricular wall, a region between the apex 26 and the base
of a papillary muscle 19, or even duectly 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 cm.  Altematively, access can be obtained using the Seldinger

cchnigque described above,

{1114] The mutral valve 22 and tricuspid valve 24 can be divided wo three parts--an
annudus (see 533 mn FIGS. 2A and 2B), leaflets {see 52, 54 m FIGS. 2A and 2B), and a sub-
valvular apparates. The sub-valvular apparatus includes the papillary mauscles 19 {sce FIG.
1} and the chordae tendineae 17 {sge FIG. 1), which can clongate and or rupture. # the valve
1s functioning properly, when closed, the free margins or edges of the leaflets come together
and form a fight junction, the arc of which, 1n the nutral valve, ts known as the ling, planc or
area of coaptation (see, ¢.g., encirgled arca labeled AC 1 FIG. 27). Nommal mitral and
tricuspid valves open when the ventricles relax allowing blood from the atriom to fill the
decompressed veniricle. When the ventricle contracts, chordae fendineae properly position
the valve leaflets such that the increase i pressure within the ventnicle causes the valve to
close, therchy preventing blood from leaking ato the atriwum and assuring that all of the blood
leaving the ventricle is gjected through the aortic valve {not shown) and pulmonic valve (aot
shown} into the arteries of the body. Accordingly, proper fumction of the valves depends on a
complex interplay between the annolus, leaflets, and sebvalvular apparatus. Lesions in any
of these components can cause the valve to dysfunction and thereby lcad to valve
regurgitation. As set forth above, regurgitation occurs when the leaflets do not coapt propesly
at peak contraction pressures. As a resuli, an undesired back flow of blood from the veninicle

nto the atrigm oocurs.

{1115] Although the procedures described herein are with reforence (o repairing a cardiac
mitral valve or tricuspid valve by the implantation of one or more artificial chordae, the
methods presented are veadily adaptable for various types of leatlet and ammular repaiwr

procedures. In gencral, the methods herein will be deseribed with reference to a mitral valve

NER: Some embodiments described herein refer o a deliver device that wncludes a

needle as a puncture member configured to pierce a cardiac tissue such as a nutral valve
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leaflet. It should be understood that although such embodiments are desertbed with reference
te a needle, in alternative embodiments, a deliver device can include any puncture member
suitable 1o picree a cardiac tissuc and form an opening thercthrough. For example, 1 some
embodiments, a puncture member can be a trocar, guidewire, rod, tube, or the ke, As a
further example, m some embodiments, a puncture member can include an electrosurgical
device, 1.¢., a device with an electrical circuit {or any switable electrical energy source]
operating at a frequency {c.g., a high freqguency) configured to cut and/or picree cardiac

fissue.

{117] Some embodiments described herein refer to a dehivery device that meludes a
plunger as an actuator configured fo reccive a manuoal foree and move within a handle of the
delivery device to help deliver and deploy a distal anchor within a heart. For example,
some embodiments, such a delivery device having a manual plunger actuator can be used to
deploy a bulky-knot type distal anchor as desceribed herein. It should be understood that
afthough such embodiments are described with reference to a manually actuated plunger,
alternative embodiments, a deliverv device can include any suttable actuator, such as, for
example, an antomatically actuated plunger, and/or a button that when pressed or otherwise
activated can actuate an nternal mechamsm awtable to selectively move componenis {8.g., a
pusher, a puncture member, a suture, ete.) of the delivery device. As a further example, an
actuator of a delivery device can mchude one or more energy storage members configured to

selectively move components of the dehivery device.

{1118} In some embodiments, a method includes the mmplantaton of one or more
artificial chordae tendmeas mto one or more leaflets {e.g., 32, 34 1w FIGS. 2A and 2B} of a
malfonctioning mitral valve 22 and/or tricospid valve 24, After an appropriate incision has
heenn made in the apex region of the heart, for example, 1 the apex 26, a delivery device can
be ntroduced o, for oxample, the left ventricle 14 of the heart and advanced in such a
manner 8o as 1o contact one or more cardiac tissues {for mstance, a leaflet, an annulus, a cord,
a papillary muscle, or the like) that are 1o need of repair. Sounie guidance, for nstance, TEE
guidance or ICE, may be used to assist in the advancement of the deviee into the ventricle,
the proper positioning of the distal tip of the device on the proxamal side of the leaflet and, of
necessary, the grasping of the cardiac tissue with the device. Direct trans-blood visualization

may also be used.
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{1119} 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 puncture or piercing 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, irngating, cutting, suturing, or otherwise engaging a cardiac fissue.

e &

{1129} The proxamal end portion 136 can include, for example, a handle 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 debvery device 136, The
proximal end portion 136 can alse inchude a holding device or member that can be used to
hold and control a tether {¢.g., suture, cord or wire} extending from a distal anchor (described

n more detall below) durmg deplovment of the distal anchor,

{1121} Using, for ecxample, ultrasound pguidance (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 £2}, shown in FIGS. 4 and 3, at a
location where the user/operator has deternuned that a repair 1s needed. Typically, this would
be a prolapsed segment of the body of the anterior or posterior leatlet, 1.¢. in 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 feaflet L1
and/or the valve leaflet L2, For example, as shown in FIG. 4, the picrcing member at a distal
up 138 can be used to puncture or pierce through the leaflet L2, This can be done with or

without grasping, capturing, or otherwise immobilizing the prolapsed segment of the leaflet.

j1122] The distal 5ip 138 of the delivery device 130 can be inserted through the puncture
site or opening and positioned on a distal side of the leaflet L2 and within the left atrimm LA,
When the distal tip 138 is m the desued positon, the delivery device 130 can be actuated to
msert a distal anchor 140 or form a distal anchor 140 {see, FIG. 5) on the distal side of the
feaffet L2 within the left atnum LA of the heart H. In some embodiments, the distal anchor

140 can include a suture or a suture/guide wire combination that can form into a knot upon
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actuation of the debivery device 130, For example, i some embodiments, the distal anchor
140 meludes a large or bulky knot made of ¢ PTFE suture or other appropriate material that is
formed by the debivery device 130 and that attains a sigiuficant size in the left atrivm LA,
above the leaflet L2, The knot can be in the form of one or more multi-turn coils of the
suture or other material used to form the tether (described in more detail below), which coils
can be changed from an elongated configuration to a kaot configuration by approximating
opposite ends of the coii{s) towards each other, to form one or more loops. In some
embodiments, the distal anchor 140 inchides an anchor member that s deploved into the Ieft

atrium LA above the leaflet L2 upon actuation of the delivery device 130,

{1123} The distal anchor 140, whether formed by the delivery device 130 or deployed 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 device 138,
Alternatively, the distal anchor 140 and the tether 142 can be all one component {(i.c., ePTFE
suture} where the distal anchor 140 15 formed by altering 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 melude a holding device (not shown) that can be used to secure and

control the tether 142 duning deliverv and deployment of the distal anchor 140

{1124} 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 beart can be adjusted, as discussed above, undi
the desired length is cstablished (1o, prolapse of the leaflet is prevented, 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,

ong or more knots, or other suitable anchoring device.

{1125] 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 resalt can thus
be that two or more anchor-tether apparatuses 145 are each anchored on a distal side of a
feaflet L1, L2 with a distal anchor 140 and secured 1o 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 neochord.
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{1126] FIGS. 6-10 show a schematic Hlustration of an embodiment of a distal anchor that
can be deploved on a distal side of a mitral valve feaflet, and a delivery device for deploying
such a distal anchor within the heart of a patient. In this crobodiment, a distal anchor 240
{see, c.z., FIGS. ¥ and 10} includes a pre-formed knot that can be formed/deploved using a
debivery device 230, As shown m FIG. 6, the delivery device 230 includes a distal portion
232, a medial portion 234, and a proximal end portion 236, Disposed on the distal end
partion 237 13 a distal end effector 233 that s coupled to a distal end portion of an clongate
outer tube 231 and can be placed in contact with a proximal side of a mitral valve leaflet L
during deployment of the distal anchor 240, The distal end effector 233 can distnbute the
force of the clongate outer tube 231 over a larger arca o prevent/clinunate punctunng of the
leatlet with the delivery device 230 during deplovment.  In some embodiments, the end
effector 233 can mehide a balloon. A proximal end portion of the outer tube 231 is coupled
to a handle 235 at the proxamal end portion 236, Coupled to or included at least partially
within the handie 233 are an clongate pusher 237 coupled to a pusher hub 239, a punciure
member 241 {e.g., a needle} coupled 0 a punciure member hub 243 {¢.g., a needle hub), and
a suture catch 246, The pusher 237 s movably disposed within a lamen of the outer tube 231
and the needle 241 15 movably disposed within a lomen of the pusher 237, The needle 241
meludes at a distal end a prercing member or portion 247 as shown m FIG. 7. In some
embodiments, the elongate outer tube 231 can provide a relatively stff structure and can
protect the puncture mermber 241 andfor the pusher 237 dunng delivery and deploymeng of
the distal anchor, and during withdrawal of the delivery device from within the paticot. In
other embodiments, the delivery device does not include an elongate outer tube or distal end
cffector. In such embodiments, in some mstances, a separate device can be used to provide
functionality similar to the functionality provided by the clongate outer tube 231 and the

distal end effector 233 described above.

{1127} A suture 242 {also referred to heren as “tether™) is coupled o the suture catch 246
and extends through a lumen of the veedle 241 and 18 formed mto a coiled configuration at
the distal end portion 232 of the delivery device 230 as shown in FIG. 6. The suture catch
246 can be configured to releasably hold or secure the suture 242 during delivery of the distal
anchor 240 as describe in more detail below. In some embodiments, the suture catch 246 can
hold the suture 242 with a fuction fit or with a clamping force and can have a lock that can be
released after the distal anchor 240 has been deployed/ormed. The distal coiled portion of

the suture 242 will be formed mio the distal anchor 240 upon actuation of the delivery device
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230 ag described in more detail below. As discussed above for distal anchor 140, the distal
anchor 240 {e.g., bulky koot} can be 1n the form of one or more multi-turn cotls of the suture
2472 that can be changed from an clongated configuration during dehivery (see, e.g., FIGK. 7,
11, and 13A) to a knot configuration {see, e.g., FIGS. 9, 10, 12 and 13C) by approximating
opposite ends of the coil{s} towards cach other, to form one or more loops. For gxample, two

strands or lengths of the suture 242 extend from opposite ends of the clongate coiled portion

of the suture 242 are pulled proxamally, the opposite ends of the cotled portions are pulled

towards each other to form the loops.

{1128] FIGS. 13A-13C diustrate the sequence desenbed above with respect to the distal
anchor 140 and the distal anchor 240 transitioning from an elongated configuration to a knot
configuration, however for case of dlustration, a single col and loop vanation ts shown and
described. As shown m FIG, 134, the distal anchor 2407 19 i a cotled, elongated formation
{c.g., a preformed knot) configured for delivery to a heart. To form the knot configuration {as
shown m FIG. 13C), a proxumal end of the suture 2427 15 pulled proximally to deflect the
distal end D of the coil taterally with respect to the proximal end PE of the cotl and to draw
the proxamal end PE of the coil and the distal end DE of the coil towards each other to form a

foop L. as illustrated in FIGS. 13B and 13C.

{1129} To deliver and form the distal anchor 240 withiny, for example, a left atriom of the
heart to repair a mitral vahve, the distal ond portion of the necdle 24 lof the debivery device
230 can be inserted through an apex portion of the heart and into the left ventricle until the
end effector 233 contacts a proximal side of the mitral valve leaflet L as shown in FIGS. 649,
With the delivery device 230 positioned against the mitral leaflet L, and with a proxamal end
portion of the suture 232 (Le., the two proximal cud portions of the suture 242) secured to the

~
i
7

suture catch 246, the needle 241 and needle hub 243, the pusher 237 and pusher hub 239, and
the suture catch 246 are all moved distally (in the direction of arrow A) relative to the handle
235 as shown 1n FIG. 7, unul the pusher 237 and pusher bub 239 focks mto place relative to
the handie 235, As these components are collectively moved distally, the pieremg portion
247 of the noedle 241 ponctures the leaflet L fornming an opening, and 1s passed through the
caflet L and s disposed on the distal side of the leaflet L. In some embodiments, the distal

end of picreing portion 247 extends outside of the end effector 233 of the delivery devige 230

about 1.0 mnch. Simultancousty, the pusher 237 pushes or moves the distal anchor 240 G e
- >
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the distal coiled portion of the sutare 232}, still i an elongated configuration and surrounding
a portion of the needle 241, through the opening in the leaflet L untid it is disposed on the
distal side of the leaflet L. As shown in FIG. 7, the piercing portion 247 of the needle 241

extonds beyond the distal anchor 240.

{1134 As shown in FIG. 8, the needie 241 and needle hub 243 can then be withdrawn or
moved proximally in the direction of arrow B until contact is made between the needle hub
243 and the suture catch 246, leaving the distal anchor 240 o the left atrium on the distal side
of the leaflet L. As the needie hub 243 {and needle 241} continue to be moved proximally in
the direction of arrow B, the distal anchor 240 will begm to form a koot because the suture
242 {g.g., the two end portions of suture 2423 15 secured to the suture catch 246 such that as
the sutpre catch 246 i3 moved proximally # pulls the distal anchor 240 approximating
opposiie ends of the coils towards cach other to form one or more loops as show in FIGS 9
and 10, Further, there 15 a length of subwre 242 between the sutore catch 246 and the
proximal end of the necdic 241 which allows the suture 242 to slide off the needle 241 before
the knot is formed. When the needle 241 5 withdrawn, the wraps of the suture 242 stay in
the same place, eliminating the extra length of suture 242 between the distal end of the needle
241 and the suture catch 246, The knot 1 thus formed on a distal end of the pusher 237 and
nok against the mitral valve leaflets.  After the distal anchor 240 has formed a knot (as m
FIGS. 9 and 1Y, the proximal end portions of the suture 242 can be released from the suture
catch 246 and the dehvery device 230 can be withdrawn proximally in the direction of arrow
B, leaving the distal anchor 240 disposed on the distal side of the feaflet L, and two lengths of
the suture 242 extending out of the heart. In other words, with the siture 242 released from

the suture catch 246, the debivery device 230 can be shid over the suture 242 for removal.

{1131} As described above for distal anchor 140 and tether 142, the length of the suture
247 between the distal anchor 240 and the opening i the heart can be adjusted, as discussed
above, until the desired length is established (.o, prolapse of the leaflet is prevented, but the
leaflet can still move distally sufficient to coapt with the other leaflet(s)). The proximal ends
of the suture 242 can then be secured to an outer surface of the heart at, for example, the apex
region, with a proximal anchor (not shown}. The proximal anchor can be, for example, a
pledget, one or more knots, or other sutable anchoring device. As previously desenbed, the
above procedure can be performed multiple times on the same leaflet, and/or can be

performed on the other mutral valve leaflet m the same manner. The result can thas be that
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one or more anchor-iether apparatuses {¢.g., anchor-tether apparatus 145) as deseribed above
are cach anchored on a distal side of a leaflet with a distal anchor and secured o the apex of
the heart with a proximal anchor via the suture 242, Alernatively, it one or more anchor-
tether apparatus are attached to both mitral valve leatlets, an anchor-tether apparatus attached
to cach leaflet can be sceured together 1n the heart by tying them together with knots or by
another suitable aftachment member (not shown), creating an edge-to-odge repair to decrease
the septal-lateral distance of the mural valve orifice. The two attached anchor-iether
apparatus can be left loose or tensioned to create 2 “facilitated” edge-to-edge repair before

being secured to an outer surface of the heart with a proximal anchor.

{1132} FIGS. 6-10 illustrate one example method and device for deployving a bulky knot
distal anchor. In ancther embodiment, a bulky knot distal anchor can be deployed/formed
using a delivery device that utilizes a short throw deplovment sequence configured to insert
the distal end portion and mercing member of the needle a shorter distance into the left atrium
thap as shown and described above for the embodiment of FIGS. 6-10. o such an
embodiment, the distal end portion of the needle 15 used to puncture the leaflet tissue and
form an opening in the leaflet tissue, but does not extend as far o the left atriwm. In some
embodiments, the needle can be extended outside of the distal end of the debvery device
{e.g.. beyond the end effector) half the distance than what s shown and descnbed for the
embodiment of FIGS 6-10. For example, in some ermbodiments, the needle can be extended
outside the delivery device a distance of about 0.2 — (.3 mches {g.g., 0.25 mches). In other
embodiments, the needie can be extended outside the delivery device a distance of about 013
— (.4 inches. Similardy, in some cmbodiments, a needle can be extended through a proximal
side of a heart valve leaflet a distance, for example, of about 0.2 — 0.3 inches or a distance of
about .15 — 0.4 mches from the proximal side of the heart valve leaflet. As vet a further
gxampie of the short throw deplovment sequence, the veedle can be moved a distance
sufficient to pierce the proximal side of the leaflet and extend a distance of about 0.03 - .25
mches {e.g., 0.1 nch) from and distal 1o the distal side of the leaflet. The distal coiled portion
of the suture is then moved distally over the needle and info the left atrium using a3 pusher
device. By shortening the distance in which the needle is extended outside of the end effector
and nto the left atrium, the potential for damage to surrounding tissue can be reduced or
chiminated. Further, in some cases, such a short throw deplovment sequence can help limit or
prevent damage to the needie ttself For example. in some cases, if the needle is extended too

far distally outside of the outer tube, the needie may bend unwantedly. FIGS 14A-14E are
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schematic tHustrations of an embodiment of a delivery device for delivering and deploying a

distal anchor and configured to provide such a short throw deployment sequence.

{1133} As shown m FIGS, 14A-14E, a delivery device 330 inclodes a distal end portion
332, a proximal cnd portion 336 and a medial portion 334, The distal end portion 332 can
mchude an end effector 333 that can be placed 1 contact with a leaflet L of a mutral valve as
described above. The end effector 333 can be coupled to a distal end portion of an outer tube
331 and a proxamal end portion of the outer tube 331 15 coupled to a handle 333 at the
proximal end portion 336, The end offector 333 can distribute the force of the outer tube 331
over a larger area to prevent/climinate puncturing of the leaflet with the delivery device 330
during deployment. In some embodiments, the end effector 333 can mehude a balloon. An
clongate pusher 337 is movably disposed within a humen of the cuter tube 331 and is coupled
to a pusher hub 33% that is movably disposed within the handle 335 and releasabiy coupled to
a phunger {not shown}. A needie 341 {see FIGS. 14C and 14D} s movably disposed within a
himen of the pusher 337 and is coupled to a needle hub 243 that s also coupled 1o the plonger
{not shown}. The plunger is used fo actuate or move the veedle 341 and the pusher 337
during deplovment of a distal anchor 340 and can be movably disposed at least partially
within the handle 335 as deseribed 1 more detail below for delivery device 430, For
exaraple, the handle 335 defines a lumen in which the plunger can be moved. During
operation, the pusher 337 also moves within the lumen of the handie 335 as described 1
more detail below. The delivery device 330 can also mclude a locking lever (not shown) that
can be used o prevent the plunger from moving within the handie 333 during storage and

prior to performing a procedure to deploy the distal anchor.

{1134] A suture catch 346 {also referred to as “tether catch™) i3 also coupled to the
plunger at a proximal end of the delivery device 330, The suture catch 346 can be configured
to releasably hold or secure a suture 342 extendmg through the debivery device 330 dunng
delivery of the distal anchor 340 as described above and as described in more detaid below
with reference to delivery device 430, In some embodiments, the sufore catch 346 can hold

the suture 342 with a friction fit or with a claroping force and can have a suture lock that can

be released after the distal anchor 340 has been deploved/formed mto a bulky koot

{1135} The suture 342 {also referred to herem as “tether™) 1s formed nto an clongaied
cotled configuration and 1s disposed within the outer tube 331 at the distal end portion 332 of

the delivery device 330 As described above for suture 242, two strands of the suture 342
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extend from the distal elongated cotled portion of the suture 342, extend through the fumen of
the needie 341, through a passageway of the plunger 348 and extt the plunger and needle 341
at a proximal end portion of the plunger. The distal elongated coiled portion of the suture
342 will be formed nto the distal anchor 340 (¢ g, bulky knot) upon actuation of the delivery
deviee 330 as desernibed in more detail below. As discussed above for distal anchors 140 and
240, the distal anchor 340 can be in the form of one or more multi-turn coils of the suture 342
that can be changed from the clongaied coied configuration during delivery to a knot
configuration by approximating opposite ends of the coils towards cach other, to form one or

more loops.

{1134} To deliver and form the distal anchor 340 within, for example, a left atrium of the
heart to repair a mitral valve, the distal end portion of 332 of the delivery device 330 ¢can be
mserted through an apex portion of the beart and into the lefi veninicle until the end effector
333 contacts a proximal side of the mutral valve leaflot L as shown i FIG. 14A. In this
crbodiment, with the delivery device 330 positioned against the mitral leaflet L, and with a
proximal cud portion of the suture 342 {c.g., two sutire strands of suture 342) secured to the
suture catch 346, the plunger (not shown} 1s actuated to move the needle hub 343, the needle
341, the pusher 337 and pusher hub 339, and the coiled portion of the suture 332 {&.g., distal
anchor 340} distally until the plunger contacts a stop member (not shown} within the handic
333, which linuts the travel of the plunger in the distal direction. As the plunger is actuated,
a distal piercing portion 347 of the neadle 341 and in some cases, at least the first wrap of the
cotled portion of the suture 332, punctures the leaflet L and forms an openimg m the leaflet L
{sce ¢.g., FIG. 148} The distance the distal end portion of the needle 341 extends within the
left atrium on the distal side of the leaflet L is determined by the amount of travel allowed by

a7

the phinger. Thus, in this embodiment, the delivery device 330 1s configured to advance the
distal end portion of the needle 341 a shorter distance, for example, between about 0.2 — 4.3
mches {c.g., .25 inches), or less, distally bevond the distal end of the dehivery device 330
{c.g., beyond the end effector 333}, compared o the embodiment of FIGS. 6-10 in which the
needle extends about 1.0 inch. In other embodiments, the needie can be extended outside the
delivery device a distance of about 0.15 ~ 0.4 mches. When the plunger reaches the stop
member, the pusher 337 and pusher hub 339 are released from the plunger 348 and are
advanced further distally to a distal position within the handle 335 (see FIG. 14C) where the

pusher hub 339 (and pusher 337} can optionally lock into place. Details of how the pusher
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337 and pusher hub 339 are moved within the lumen of the handle 335 are descenbed below

with respect to delivery device 430,

{1137} As the pusher 337 is moved distally, a distal end of the pusher 337 moves or
pushes the distal coiled portion of the suture 342 (1., distal anchor 340) over the distal end
of the needle 341 and further within the left atrium of the heart on a distal side of the mitral
leaflet (see FIG. 140}, In other words, the distal end of the pusher 337 and the distal coiled
portion of the suture 342 extends beyond the distal end of the needle 341, For example, in
some embodiments, at least half a fongth of the distal cotled portion of the suture 342 extends
bevond the distal end of the needle 341, In some embodiments, at least three guarters of the
fength of the distal coiled portion of the sutare 342 extends beyond the distal end of the
neodie 341, In other embodiments, the entire length of the distal colled portion of the suture
342 extends bevord the distal cod of the needle 341, To allow the distal coiled portion of the
suture 342 {i.e., distal anchor 340} to shide relative to the plunger, when the suture 342 i
Ivaded withiny the delivery device 330, there is slack in the soture 342 between the distal

coiled portion of the suture 342 and the suture lock within the suture catch 346.

{1138} After the distal coiled portion of the suture 342 1s moved to the distal side of the
feaflet L, the plunger is then released such that the plunger moves proximally, which moves
o1 pushes the needle 341 and suture caich 346 proxamally, pulling the suture 342 {c.g., suture
strands extending from the coiled portion of the suture} through the pusher 337 to form the
buiky knot configuration (as shown in FIG. 1413} of the distal anchor 340 by approximaiing
opposite ends of the coils of the clongated coil portion of the sutare 342 towards each other,
to form one or more loops. As shown in FIG. 14D, by pulling on the proxamal ends of the
sutere 342, the cotls are pulled against the distal end of the pusher 337 to form the knot.
After the distal anchor 340 has formed a knot, the proximal end portions of the suture 347 can
be released from the suture catch 346 and the delivery device 330 can be withdrawn
proximally, leaving the distal anchor 340 disposed on the distal side of the leaflet L {as
shown in FIG. 14E), and two lengths or strands of the sature 332 extending out of the heart.
iIn other words, with the suture 342 released from the suture catch 346, the delivery device

330 can be shd over the sutare 342 for removal.

{1139} As described above for previous embodiments, the lengths or strands of the suture
342 between the distal anchor 340 and the opening in the heart can be adjusted ontil the

desired length 18 established. The proximal ends of the suture 342 can then be secured to an
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outer surface of the heart at, for example, the apex region, with a proximal anchor {not
shown}. The proximal anchor can be, for example, a pledget, one or more knots, or other
suttable anchoring device. As previously described, the above procedure can be performed
multiple times on the same leaflet, and/or can be performed on the other mitral valve leaflet
m the same mamnner. The result can thus be that one or more anchor-tether apparatuses {¢.g.,
anchor-tether apparatus 145) as described above are cach anchored on a distal side of a eaflet
with a distal anchor and sccured to the apex of the heart with a proximal anchor via the tother
342, Alternatively, if one or more anchor-tether apparatus are attached to both ontral valve
leaflets an anchor-tether apparatus attached to each leaflet can be secured together in the heart
by tving them together with knots or by ancther suitable attachment mcerber {not showa},
creating an edge-to-edge repait fo decrease the septal-lateral distance of the mitral valve
grifice. The two attached anchor-tether apparatus can be left loose or tensioned to create a
“facthitated” edge-to-edge repair before being secured to an outer surface of the heart with a

proximal anchor,

{1140 FIGS. 15A-22C and 23-27 dlustrate another embodument of a delivery device that
can be used to deliver and form a bulky knot distal anchor to be disposed on a distal side of a
mitral valve leaflet using a short throw deployment sequence. As shown in cross-section in
FIGS. 15A and 158, a delivery device 430 includes a distal end portion 432, a proxamal end
portion 436 and a medial portion 434, The distal end portion 432 can nclude an end effecior
433 thest shown i FIG. 15C) that can be placed in contact with a leaflet of a mutral valve as
described above. The end effector 433 can be coupled to a distal ond portion of an outer tube
431 {also shown in FIG. 15C) and a proximal end portion of the outer tube 431 15 coupled 1o
a handle 435 at the proximal end portion 436, An clongate pusher 437 is movably disposed
within a lumen of the outer tubeg 431 {see e.g., FIG. 130} and is coupled to a pusher hub 439
that is movably disposed within the handie 435 and releasably coupled to a plunger 448, A
needlc 441 15 movably disposed within a lomen of the pusher 437 {sec e g., FIG. 178} and 18
coupled to a needle hub 443 that 1s also coupled to the plunger 448, The plunger 448 15 used
o actuate or move the needle 441 and the pusher 437 during deplovment of a distal anchor
440 {see ¢.g., FIG. 198 and 208} and is movably disposed at least partially within the handle
433, For example, the handle 435 defines a lumen in which the plunger 448 can be moved.
Dhiring operation, the pasher 437 also moves within the lumen of the handle 435 as described

i more detail below. The dehivery device 430 also includes a locking lever 449 that can be
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ased to prevent the plunger 448 from moving within the handle 435 during storage and prior

to performing a procedure o deploy the distal anchor.

{1141} A suture catch 446 {also referred to as “tether catch™) is also coupled to the
plunger 448 at a proximal end of the delivery device 430 {hest shown in FIG. 15D). The
suture catch 446 can be configured to releasably hold or secure a suture 442 extending
through the delivery device 430 during delivery of the distal anchor as described above and
as described in more detail below. In some embodiments, the sutare caich 446 can hold the
suture 442 with a friction fit or with a clamping force and can have a lock that can be released
after the distal anchor 440 has been deploved/formed mito a bulky knot. The suture catch 446
mclades an arm 480 and contact members 481 {e.g., silicon o-rings} coupled to the arm 480
{sge e.g., FIG. 12D). The anm 480 can be moved from a closed posttion {as shown in FIGS.
15A, 15B, 16, 17A, 18A and 19A} in which the contact members 481 engage the suture
strands 442 within a slot 483 in the plunger 443, to an open position {as shown i FIGS. 13D
and 20A} thereby allowing the proximal end portions of the suture 442 to be released from
the suture catch 446, The deliverv device 430 can then be withdeawn proximally, leaving the
distal anchor 440 disposed on the distal side of the leaflet L, and the two lengths of the suture
442 extending out of the heart, as described with respect (o provicus embodiments. When in
the closed position, the arm 480 and the contact members 481 pinch or otherwise secure the
suture 442 to prevent or otherwise {unt the suture 442 from moving relative to the device
430. When in the open position {e.g., after delivery of the distal anchor 440 and during
removal of the device 430 from the heart), the arm 480 and the contact members 481 allow
movement of the suture 442 relative to the device 430 such that the device 430 can be

separaied from the suture 442, as described 1n more detail below.

{1142} A distal end portion of the suture 442 {(also referred to hercin as “iethed™) s
formed nto an elongated cotled configuration and 1s disposed within the outer mibe 431 at the
distal end portion 432 of the delivery device 430, For example, the coils of the sutare 442
can be provided or shipped disposed arcund the ncedle 441 with the proximal most coil
abutiing against the suture 442, As described above for the suture 242 and the suture 342,
two strands of the suture 442 extend from the distal elongated cotled portion of the suture
4472, extend through the humen of the needle 441, through a passageway of the plunger 448
and exit the phinger 448 at a proximal ond portion of the plunger 448 {see c.g., FIG. 1503,

The distal elongated coiled portion of the suture 442 will be formed mio the distal anchor 440
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{c.g., bulky knot} upon actuation of the delivery device 430 as descnbed i more detadd
below. As discussed above for the distal anchors 140, 240 and 340, the distal anchor 440
{c.g., bulky knot) can be in the form of one or more multi-turn coils of the suture 442 that can
be changed from the clongated cotled configuration durmg delivery to a knot configuration

by approximating opposite ends of the coils towards each other, to form one or more loops.

{1143] Ag shown in detail in FIGS. 22A-22C, the delivery device 430 also includes a
fhud transfer system 468, The {fhuid transfer system 460 s configured to facilitaie flushing of
a portion of the delivery device 430 and/or to faciltate the removal of undesirable fhuds
during the procedure. In some nstances, for example, the fluid transfer svstem 460 be used
to flush air out of the delivery device 430 {e.g., air located between the pusher 437 and the
outer tube 4313 As ancther example, the fhad transfor system 460 can be used to hmit or
prevent blood from undesitably flowing from a patient o the dehivery device 430 during a
procedure. The flud transter system 460 inchides a fluid pathway 461 and a connection port
462 disposed external to the handle 435, As shown best in cross-sectional view in FIG. 22C,
the fluid pathway 461 s in fuid communication with the connection port 462 and a volume
defined between the lomen of the outer tube 431 and an outer surface of the pusher 437,
Further, as shown best m FIG. 22C, the fluid transfer system 460 meludes a fhud sealing
member 463 (e.g.. an o-ring} disposed about the pusher 437 and configured o fhudically
isolate the fluid pathway 461 from a volume within the bandie 435 proximal to the fhud
transfer system 460, The fluid transfer system 460 also includes connection port scaling
member 463 {c.g., a cap, a plug, or the like} configured to be coupled to the connection port
462 1o fhuidically isolate the flid pathway 461 from a volume extemal to the fhud transtor
sysiern 460 and/or the debivery device 430, Optionally, the connection port sealing member
463 can be retained and/or stored proximate to the connection port 462 via a leash member

464 {as shown in FiG. 224}

{1144} To prepare the delivery deviee 430 for delivering and forming a distal anchor 440
within, for example, a left atriuny of the heart to repair a miutral valve, the locking lever 449 is
released from its locked or engaged position {¢ g., s position dunng storage of the delivery
device 430} in which the plunger 448 is prevenied from moving {e.g., proximally and
distallv} within the bandle 435 to its unlocked or disengaged position in which the plunger

448 can be moved within the handle, as descabed in further detasd below.
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{1145] To deliver and form the distal anchor 440 within, for example, a left atriom of the
heart to repair a mitral valve, the distal end portion of 432 of the delivery device 430 can be
mserted through an apex portion of the heart and into the left ventricle untd the end effector
433 contacts a proximal side of the mutral valve leaflet L as shown in progression m FIGS, 23
and 24. With the delivery device 430 positioned against the mitral leaflet L {(see e.g., FIG.
243, and with a proximal end portion of the suture 442 {e.g., two suture strands of the suture
447} secured to the suture catch 446, the plunger 448 15 actuated to move the needle hub 443,
the needle 441, the pusher 437 and pusher hub 439, and the cotled portion of the soture 432
{c.g., the distal anchor 440} distally until the plunger 448 contacts a stop member 421 within
the handle 435 (sec e.g., FIG 18A), which himits the travel of the plunger 448 in the distal
direction.  As the plunger 448 1s actuated, a distal pieraing portion 447 of the needle 441
punctures the leaflet L and forms an opening in the leaflet L (see ¢.g., FIG. 178B). Because
the needle 441 is coupled to the plunger 448 and moves with the plonger 448, the distance the
distal end portion of the needle 441 extends within the e atrium on the distal side of the
feaflet L (see, c.g., FIG. 17B) 15 deternuned by the amount of travel allowed by the plunger
448 Thus, in this embodiment, the delivery device 430 is configured to advance the distal
end portion of the needle 441 a shorter distance, for example, between about (.2 — 0.3 inches
{e.g., 0.25 mches), or less, distally bevond the distal end of the delivery device 430 {e.g.,
bevond the end offector), compared {0 the embodiment of FIGS. 6-10 1 which the needie
extends about 1.0 mch, In other embodiments, the needle can be extended outside the
delivery device a distance of about 6,15 — 0.4 jnches. For cxample, n some embodiments,
the needle extends until the distal tip of the needle 441 and a first wrap or two of the coiled
suture 442 extend through the leaflet. When the plunger 448 reaches the stop member, the

-
I
I

pusher 437 and pusher hub 439 are released from the plunger 448 and are advanced further
distally 1o a distal position within the handle 435, as shown 10 progression in FIGS, 174 and
18A. Details of how the pusher 437 and pusher hab 439 are moved within the hunen of the
handle 435 and released from the plunger 448 are descrnibed below with respect to FIGS.

1RA-2T.

{1144] As shown m FIGS. 17A and 18A, the pusher hub 439 is configured to
coroplimentarily mate with an opening 492 detined by and located at a distal end portion of
the plunger 448, In use, prior to deployment, a proximal end portion of the pusher hub 439 4s
disposed within the opening 492 defined by the plonger 448 (see. g, FIGS. 16 and 17A). In

this position, a pair of tabs 485 of a spring member 486 coupled to the pusher hub 439 are
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disposed within slots 487 defined by the plunger 448, For example, the spring member 486
can have a biased configuration in which the tabs 485 are disposed in an open position, and
when the pushor hwb 439 is coupled to the plunger 448 the tabs 483 are compressed by the
mner walls of the handle 435, which define a Srst portion FP of a passageway within the
handic 435, As the pusher hob 439 13 moved distally, the spring member 486 will shide into a
second portion SP of the passageway of the handle 435 which has a larger size, allowing the
tabs 485 to move to thewr biased open configuration and disengaging the tabs 485 from the

slots 487 of the plunger 448 (see, e.g., the progression in FIGS. 174 and 18A}.

{1147} When the plunger 448 1s actuated (.¢., moved distally within the handle 435), the
pusher hub 439 will move distally with the plunger 448 until the plunger 4438 reaches the stop
member 421 (see c.g., FIG. 184}, at which point the pusher hub 439 is moved into the second
portion SP of the passageway of the handle 435 as descubed above, allowing the tabs 485 on
the spring member 4386 to disengage or release the pusher huob 439 from the plunger 448.
Upon release from the plunger 448, the pusher 437 and the pusber hub 439 are advanced
further distallv 1o a distal position within the handle 435 as shown in FIG 184, 1n response o
a force provided by a biasing member 490 (e.g., a compression spring) disposed within a
fumen of the plunger 448, The biasing member 490 1s coupled to and disposed between the
pusher hub 439 and the needle hub 443, as shown in FIG. 21, In this mannser, with ose of the
biasing member 490, a deswrable and repeatable force can be applied to the pusher 437 and

the pusher hub 439, resulting in a desirable and repeatable debivery of the distal anchor 440,

{1148] Prior to disengagerent of the pusher 437 and the pusher hub 439 from the plhunger
448 {e.g., prior to use of the delivery device 430 or during use as the distal picrcing portion
447 of the needle 441 punctures the leaflet L and forms an opening in the leaflet L), the
biasing member 490 5 in a compressed configuration {not shown} and the pusher 437 and the
pusher hub 43Y are in their ready state (see e.g., FIGK. 16 and 174), in which a portion of the
pusher hub 439 15 disposed within the opening 492 of the plunger 448 as desenibed above. To
refcasably retain the biasing member 490 i the compressed configuration and the pusher 437
and pusher hub 439 in therr ready state, the pair of tabs 485 of the spring member 486 are
disposed withmn the slots 487 of the plunger 448 and the plunger 448 is disposed in the first

portion of the passageway within the handle 435.

{1149} As shown 1 FIG. 21, a gunde member 453 1is disposed within 3 fumen defined by

the biasing mermber 490 and coupled to the pusher hub 439, During distal advancement of
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the pusher 437 and the pusher hob 439 within the handle 435, and transition of the hasing
member 490 between its vanbiased compressed configuration and s biased uncompressed
configuration, the guide member 435 can faciitate desirable alignment within the handle 435
{e.g., alignment within the bandle 435 of the pusher 437, the pusher hub 439, and the phunger
448}, In addition, the guide member 435 can provide structural support to the biasing
member 490 {c.g.. during transition of the biasing member 490 between its biased and

unbiased configurations).

{1150 Although the lumen of the handle 435 15 shown m this embodiment as being
rectangular, in some embodiments, the lumen of the handle can have any suitable shape {c.g.,
a arcudar or semi-circular shape). In such embodiments, the components that cooperatively
function within the handle 433 (c.g., the pusher 437, the pusher hub 439, the plunger 448}, as
descubed above with respect the delivery device 430, can be suntably sized and/or shaped to
cooperatively function with any shape and/or size selected for a particular handle and lumen

defined therein.

{1151 In use, as the plonger 448 is actuated to move the pusher 437 and the pusher hub
439 distally within the handle 435, the plunger 448 will reach the stop member 421 at which
point in tee the spring member 486 will slide mto the second portion SP of the passageway
of the handie 433 which has the larger mize, allowing the tabs 4835 1o move to their biased
open configuration and disengaging the tabs 485 from the slots 487 of the plunger 448. In
this manuer, the biasmg momber 490 will be released from tis compressed configuration and
transition towards a bilased uncompressed configuration thereby resulting m travel of the
pusher 437 and the pusher hab 439 distally within the handle 435, As the pusher 437 is
moved distally, a distal end of the pusher 437 moves or pushes the distal coiled portion of the
suture 442 {1.¢c., distal anchor 440} over the distal end of the needie 441 and further within the
left atrivim of the heart on a distal side of the nutral leaflet (see, e.g., FIGS, 18A, 18B and 253,
such that the coled portion of the suture extends distally bevond a distal end of the needle
441 For example, i some embodiments, at least half a fength of the distal cotled portion of
the suture 442 extends bevond the distal end of the needle 441, In some embodiments, at
least three quarters of the length of the distal coiled portion of the suture 442 extends bevond
the distal end of the needle 441, In other embodiments, the entire cotled portion of the suture
442 extends boyound the distal end of the needic 441, To allow the distal cotled portion of the

suture 442 (¢, distal anchor 440} to shde relative to the plunger 448, when the suture 442 15
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loaded within the delivery device 430, there 1s slack SL {a portion of which 1 shown m FIG
1503} 1n the suture 442 between the distal coiled portion of the suture 442 and the suture lock

within the suture cateh 446,

{1152} After the distal coiled portion of the suture 442 13 moved 1o the distal side of the
leaflet L, the plunger 448 is released to allow the plunger 448 1o move proximally, which
moves or pushes the needle 441 and suture caich 446 proxamally, as shown in FIG. 19A. For
example, 1 some embodiments, the plonger 448 can be actuated by the user manually
pushing the plunger distally within the handie 435 with for example a thumb or finger. To
release the plunger 448, the user can release lus thumb which allows the plunger 448 1o be
moved back proximally. For example, 0 some embodiments, when the user releasgs hig
thumb from the phinger 448, a biasing member {c.g., a spring} {not shown} can push the
plunger 448 back in the proximal direction. When the suture catch 446 1s moved proximally,
this m twmn polls the seture 442 {g.g., suture strands extending from the coiled portion of the
suture} proximally to form the bulky knot configuration of the distal anchor 440 against the
distal end of the pusher 437 {sce o.g., FIGS. 188, 19B, 25 and 26). For example, as described
above, the bulky knot 15 formed by approximating opposite ends of the coils of the elongated
gotl portion of the suture 442 towards each other, to form one or more loops, as shown in
FIG. 16B. After the distal anchor 446 has formed a knot, the proximal end portions of the
suture 442 can be released from the suture catch 446, The delivery device 430 can then be
withdrawn proxamally, leaving the distal anchor 440 disposed on the distal side of the leaflet
L, as shown m FIGS. 20A and 20B, and two lengths or strands of the suture 432 extending
from the proximal side of the leaflet L (see o.g., FIG. 27} and out of the heart. In other
words, with the suture 442 released from the suture catch 446 the delivery device 430 can be

slid over the suture 442 for removal.

{1183} As described above for previous embodiments, the lengths or strands of the suture
442 between the distal anchor 440 and the opening i the heart can be adjusted wntil the
desired length 18 established. The proximal ends of the suture 442 can then be secured to an
outer surface of the heart at, for example, the apex, with a proximal anchor (not shown}. The
proximal anchor can be, for example, a pledget. one or more knots, or other suitable
anchoring device. As previously descnbed, the above procedure can be performed multiple
times on the same leafiet, andfor can be performed on the other mitral valve leaflet in the

same manner.  The result can thus be that one or more anchor-tether apparatuses {e.g,
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anchor-tether apparatus 145} as described above are each anchored on a distal side of a leaflot
with a distal anchor and secured to the apex of the beart with a proximal anchor via the tether
442 Altematively, if one or more anchor-tether apparatus are attached to both mitral valve
leaflets, an anchor-tether apparatus attached to cach leaflet can be secured together 1 the
heart by tying them togsther with knots or by another suntable attachment member, creating
an ¢dge-to-edge repair to decrease the septal-lateral distance of the mitral valve onfice. The
two attached anchor-tether apparatus can be left loose or tensioned to create a “facilitated”
cdge~to-edge repair before being secared to an outer surface of the heart with a proximal
anchor. As shown i FIG. 27, with the anchor-tether apparatus secured to the sutral valve
leatlet L, when closed, the froe margins or edges of the leaflets come together and form a
tight junction, the arc of which 18 known as the hne, plane or area of coaptation AC as

previcusly described.

{1154] FIGS. 14A-14F descnbed above illustrate one example method and device for
deploving a bulky knot distal anchor using a delivery device that wvtilizes a short throw
deployment sequence configured to jnsert the distal end portion and picrcing member of the
necdle a shorter distance mio the left atrium than as shown and desenbed above for the
embodiment of FIGS. 6-10. As shown and described with respect to FIGS. 14A-14E, the
distal end portion of the needie is used to puncture the leaflot tissue and form an opening n
the leaflet tissue, but does not extend as far into the left atrum.  In another embodiment, a
bulky knot distal anchor can be deploved/formed using a delivery device that wtilizes a full
forward short throw deplovment sequence.  The full forward short throw deployment
sequence is similar to the short throw deplovuont sequence of FIGS, 14A-14E, but causcs the
bulky knot distal anchor to be deploved/formed by moving the pusher distally relative to the
necdle rather than pulling on the proximal ends of the soture to pull the coils agamst the distal
end of the pusher. FIGS. 28A-28E are schematic llustrations of an embodiment of a defivery
device for delivering and deploving a distal anchor and configured to provide such a full

forward short throw deployment sequence.

e

1155} As shown m FIGS. 28A-28E, a delivery device 530 mncludes a distal end portion
532, a proximal end portion 336 and a medial portion 534, The distal end portion 532
mcludes an end effector 333 that can be placed o contact with a leaflet L of a nutral valve as
described above with respect to FIGS. 14A-I4E. The end effector 533 is coupled to a distal

end portion of an outer tube 531 and a proxamal end portion of the outer tube 331 15 coupled
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to a handle 335 at the proximal end portion 536 of the delivery device 530, The end effector
333 can distnbute the force of the outer tube 331 over a larger area o prevent/eliminate
puncturing of the leaflot with the debvery device 3530 during deplovment.  In some
embodiments, the end effector 533 can mehude a balloon {(not shown). An elongate pusher
537 1s movably disposed within a lomen of the outer tube 531 and 1s coupled to a posher hub
53¢ that is movably disposed within the handle 535 and refeasably coupled to a phunger (not
shown}. For exaraple, the plunger can be constructed the same as or sinular to the phinger
448 described above and function in a similar manner. A needle 541 {see FIGS. 28C-28E} 18
movably disposed within a himen of the pusher 337 and is coupled to a needic hub 543 that is
also reicasably coupled to the plunger (not shown). The phinger is used to actuate or aove
the needie 341 and the pusher 537 duning deployment of a distal anchor 340 and can be
movably disposed at least partially within the handle 535, For example, the handle 533
defines a lumen o which the plunger can be moved. During operation, the pusher 537 also
moves within the lumen of the handle 533 as descrbed 1o more detail below. The delivery
device 530 can also melude a locking lever {(not shown} that can be used to prevent the
plunger from moving within the bandle 535 dunng storage and prior fo performing a
procedure to deploy the distal anchor. For example, the locking lever can be sumilar to or the

same as the locking lever 449 desenbed above.

{1156} A suture catch 346 (also referred to as “tether catch™) can be coupled to the
plunger at a proximal end of the delivery device 530, The suture catch 346 15 configured to
refcasably hold or sccure a suture 542 extending through the delivery deviee 530 during
delivery of the distal anchor 540 as described above for previous embodiments. In some
ombodiments, the soture catch 546 can hold the suture 542 with a friction fit or with a
clamping force and can have a lock that can be released after the distal anchor 540 has been

deploved/formed mto a bulky knot,

{1157} As described above for previous embodiments, the suture 542 (also referred to
herein as “tether™) can be formed mto an elongated coiled configuration and is disposed
within the outer tube 331 at the distal end portion 532 of the debivery device 530, As
described above, for example, for suture 242, two strands of the suture 542 can extend from

the distal elongated coiled portion of the suture 342, extond through the lomen of the needle
end portion of the plunger. The distal elongated coiled portion of the sutwre 542 will be
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formed mto the distal anchor 340 (¢ 2., bultky knot} upon actuation of the delivery device 530
as descnbed m more detail below. As discussed above for previous embodiments, the distal
anchor 540 can be mn the form of one or more multi-turn coils of the suture 542 that can be
changed from the elongated colled configuration during delivery 1o a knot configuration by

approximating opposite ends of the coils towards each other, to form one or more loops.

{1158] To deliver and form the distal anchor 540 within, for example, a left atriom of the
heart to repair a mitral valve, the distal end portion of 332 of the delivery device 330 can be
mserted through an apex portion oy region of the heart and into the left veuntricle votil the end
effector 333 contacts a proximal side of the mitral valve leaflet L as shown in FEG. 28A. In
this embodiment, with the debivery device 5330 positioned against only the veninicular side of
the mitral leaflet L, without contacting the atnial side of that feaflet, and with a proximal end
portion of the suture 342 {e.g., two suture strands of suture 542} secured to the suture caich
546, the plunger (not shown} can be actuated {c.g., moved or pushed 1n a distal direction
relative to the handle 335}, The actuation of the plunger moves the needle hub 543, the
needle 541, the pusher 337 and pusher hub 339, the suture catch 546, and the cotled portion
of the suture 542 {¢.g., distal anchor 540) distally until the needle hub 543 (and needle 541)
and the suture catch 546 reach a preset location within the handie where the needle hab 543,
neodle 541, and suture catch 546 are disengaged from the plunger and their travel in the distal
direction is stopped. The pusher 337, the pusher hub 539, and the cotled portion of the suture

542 contimue to be moved distally by the plunger.

{1159] In some embodiments, for example, a debivery device can mclude a release
mechanism configured to disengage the needle hab, the needle, and the soture catch from the
plunger such that the plunger can continue to advance distally and move the pusher, the
pusher hub, and the cotled portion of the swiure distally. fo some embodiments, the release
mechaniem can be configured for automatic disengagement, while in other embodiments, the
mechanism can be configured to be actuated by the operator. In some embodiments, the
delivery device can also include one or more stop members within the handle that can engage
or contact the needle hub {and suture cateh) to limit or stop the travel of the needle (and

suture catch) in the distal direction.

R As the plunger is actuated, and prior to the needle 541 being disengaged from the
plunger, a distal piercing portion 347 of the needle 541, and in some cases, at least the first

wrap of the coiled portion of the suture 542, punctures the leaflet L and forms an opening n
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the leaflet L (see ¢.g., FIG. 2883 The distance the distal piercing portion 5347 of the needle
341 extends within the left atriom on the distal side of the leaflet L can be determined, for
cxample, by the preset allowed amount of travel of the needie 541 described above e g,
some embodiments, the amount of travel can be deternuned at least in parnt by a stop member
within the handle and/or a mechanism o release the needle hub from the plonger). In some
embodiments, the delivery device 530 can be configured to advance the distal piercing
partion 547 of the needle 341 a shorter distance mto the left atvum than as shown and
described above for the embodiment of FIGS. 6-10. For example, 1n some embodiments, the
needle hub 543 can travel about 0.25 mches during actuation of the phunger. In some
embodiments, the needle 541 can be extended outside of the distal end of the delivery device
{c.g., beyond the end effector) halt the distance that i shown and described for the
smbodiment of FIGS. 6-10. In some embodiments, the needle 541 can be extended outside

the delivery device a distance of about 0.2 — 0.3 inches {e.g., .25 inches).

{1161} As described above, when the needle hub 343, the needle 541 and suture catch
546 disengage from the plunger, the plunger continues to be moved distally, which m tum
moves the pusher 537, the pusher hab 539, and the coiled portion of the suture 342 {c.g.,
distal anchor 340} further distally.  For example, in some embodiments, the pasher 537 can
be moved distally aboot an additional 0.25 - 0,65 inches {¢.g., 0.4 inches) durteg actuation of
the plunger. Thus, 10 some embodiments, the total travel of the pusher can be, for exanple,
about 040 ~ 0.90 iches {e.g., .65 mches). Similardy, in some embodiments, the pusher can
be extended through the proximal side of the heart valve lgafiet a distance of about 04 - 0.9
mnches {¢.g., 0.65 inches) from the proximal side of the heart valve leafiet. As yet a further
example of the shott throw deployment sequence, the pusher can be moved through the
gpening of the leaflet from the proximal side of the leaflet and can extend a distance of about

0.25 — .65 inches (¢ g.. 0.4 inches) from and distal to the distal side of the leaflet.

{1162} Ag the pusher 537 18 moved distally, with the suture catch 546, the needle 541 and
the needle hub 343 in fixed positions relative to the pusher 537 {i.¢., the suture catch 546, the
necdle 541, and the needle hub 543 are disengaged from the plunger), a distal end of the
pusher 337 moves or pushes the distal cotled portion of the suture 542 (1.e., distal anchor 540)
over the distal end of the needie 541 and forther within the left atrivm of the heart on a distal
side of the nutral leaflet {sce FIG. 28C).  In this manner, the distal end of the pusher 537

pushes the coiled portion of the suture 542 (L.e., distal anchor 540) distally off the needle 541,
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To allow the distal cotled portion of the suture 542 (o, distal anchor 540) to shde relative to
and eventually off the needle 541, when the suture 542 1s loaded within the delbivery device
530, there can be slack formed m the suture 542 between the distal coiled portion of the
siture 342 and the suture lock within the suture catch 546, Ag shown m FIG. 28D, as the
pusher 537 continues to move distally relative to the needle 541, the coiled portion of the
sutere 542 forms the bulky knot configuration of the distal anchor 340 by approximating
opposite ends of the coils of the elongated coil portion of the suture 342 towards cach other,
to form one or more loops {two loops are shown m FIG, 28D}, For example, with the
oppostie end portions of the suture 542 fixed and secured within the suture catch 546, as the
pusher 537 moves distally, the coils are forced againgt the distal end of the pusher 5337 o

form the knot.

{1163} in use, v some instances, the plunger can be actuated to move the needle hub 343
as described above, while maintaiming the entire distal portion of the delivery device 530 on
the ventricular side of the leaflet L. In this maoner, in such instances, the distal anchor 540
can be delivered 1o and/or deploved at the distal side of the leaflet without some form of
mechanical fixation to and/or capturing of the leaflet L prior to plercing the leaflet with the
needle 541, Usbke conventional open-heart surgery, where the heart is stopped and the
surgeon can see and manipulate stationary leaflets, in a mimimally wvasive procedurs {e.g.,
with a beating heart}, the operator camnot see the leafiet directly, and instead, vwst relv on an
pltrasonic or other image of the moving leaflet and the device. In practice, this image is often
displayed on a display device for the operator after a slight time delay. As such,
immaobilizing the otherwise moving leaflet can be challenging and has the potential to further
damage the leaflet. Being able to debiver and deploy a distal anchor without having to
mechanically fix to and/or capture the otherwise moving leaflet {c.g., prior to piercing the
leaflet to foom an opening through with the distal anchor 15 delivered) elimmates or at least
fimits the challenges discussed above. Additionally, being able to deliver and deploy the
distal anchor using a single device {e.g., without using a separate device to immobilize and/or

capture the feaflet) further reduces chalienges and risks associated with such procedires.

{1164] Afier the distal anchor 540 has formed a knot, the proxamal end portions of the
sutere 542 can be released from the suture catch 546 and the delivery device 530 can be
withdrawn proximally, leaving the distal anchor 540 disposed on the distal side of the leaflet

L {as shown in FIG. 28E), and two lengths or strands of the suture 532 extending out of the
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heart. In other words, with the suture 542 released from the suture catch 546 the delivery
device 530 can be shid proximally over the suture 542 for removal. Forming/deploying the
bulky knot using the full forward shornt throw deployment sequence described above can
simplify the procedure for an operator of the delivery device 530 because the operator can
deploy the bulky koot by applving a single distal force to the plunger. Further, after the
plunger 1s actuated and the bulky koot s formed, the operator can remove the debivery device
53¢ from the patient by withdrawing the delivery device 330 proxumally without, for
example, having to wait for the phunger to move proximally to form the bulky knot, leaving
the bulky koot disposed on the distal side of the leaflet L. Sumplifying a procedure in this
manuner such that an operator can implaot an amtificial chordac by applying, for example, &
push force to the plunger, and then remove the entire delivery device by withdrawing the

delivery device proximally, promotes a repeatable and predicable procedure.

{1165] Ag described above for previcus embodiments, the lengths or strands of the suture
342 between the distal anchor 340 and the opening i the heart can be adjusted unti] the

destred length 18 established. The proximal ends of the suture 342 can then be sccured to an
outer surface of the heart at, for example, the apex region, with a proxamal anchor (not
shown}, The proximal anchor can be, for example, a pledget, one or more knots, or other
suttable anchoring device. As previously described, the above procedure can be performed
multiplc times on the same leaflet, and/or can be performed on the other mutral valve leaflet
i the same manoer. The result can thus be that one or more anchor-tether apparatuses (e.g.,
anchor-tether apparatus 145} as described above are each anchored on a distal side of a leaflet
with a distal anchor 340 and secured 1o the apex of the heart with a proximal anchor via the
tether 542, Alternatively, if one or more anchor-tether apparatus are attached to both mitral
valve leaflets, an anchor-tother apparatus attached to each leaflet can be secured together m
the heart by tying them together with knots or by ancther suitable attachment member (not
shown}, creating an edge-to-edge repair to decrease the septal-lateral distance of the nutral
valve orifice. The two attached anchor-tether apparatus can be left loose or tensioned to
create a “facilitated” edge-to-cdge repair before being secured to an outer surface of the heart

with a proximal anchor.

{1166} in some entbodiments, the suture catch can be coupled in a fixed position relative
to the handle of the dehivery device, rather than bewg coupled to the plunger. Thus, the

proximal portion of the suture coupled to the suture catch is in a fixed postton relative to the
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handle. In such embodiments, there can be sufficient slack formed i the suture between the
distal cotled portion of the suture and the suture lock within the subire catch to allow the
distal coiled portion of the suture (1.¢., distal anchor) to slide relative to and eventually off the
necdle, when the plunger 1s advanced distally. Alternatively or 1o addition fo, providing slack
m the sature, a spring can be disposed in the handle and coupled o the suture between the
distal cotled portion of the sutare (i.c.. the distal anchor) and the suture lock, which can

expand fongitudinally as the plunger is moved distally.

{1167} FIGS. 28A-28E described above dlusirate one example method and device for
deploving a bulky knot distal anchor using a delivery device that utilizes a full forward short
throw deplovment seqaence configured to nsert the distal end portion and piercing member
of the needle a shovter distance into the left atrium than as shown and described above for the
embodiment of FIGS. 6-10. Such a full forward short throw delivery sequence is configured
to cause the bulky knot distal anchor to be deploved/formed by moving the pusher distally
relative to the needle rather than pulling on the proximal ends of the suture to pull the coils
against the distal end of the pusher. In another embodiment, a bulky knot distal anchor can
be deployed/formed using a delivery device that utilizes an mdependent full forward short
throw deplovment sequence. The independent full forward short throw deployment sequence
is simlar to the full forward short throw deployment scquence of FIGS. 28A-28E, except the
pusher and the needle are configured to move independent of each other {¢.g., the pusher and
the needle can cach be coupled to a difforent component of the actuator and/or be actuated
separately}. . For gxample, the pusher and needle can be moved within the handle and the
outer twbe independently of cach other and during varyving time periods in response io
separate force-providing mechamsms.  FIGS. 29A-29E are schematic illustrations of an
embodiment of a debvery device for dehvenng and deployving a distal anchor using an

mdependent full forward short throw deplovment sequence.

{1168] As shown m FIGS. 29A-29E a delivery device 630 mchudes a distal end portion
632, a proximal end portion 636 and a medial portion 634, The distal end portion 632
meludes an end effector 633 that can be placed m contact with a leaflet L of a mottral valve as
described above with respect to previous embodiments. The end effector 633 18 coupled to a
distal end portion of an outer tube 631 and a proximal end portion of the cuter tube 631 s
coupled to a handle 535 at the proximal end portion 636 of the delivery device 630, The end

effector 633 can distibute the force of the outer twbe 631 over a larger area to
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prevent/climinate puncturing of the leaflet with the delivery device 630 duning deplovment.
In some embodiments, the end effector 633 can wnclude a balloon (not shown). An clongate
pusher 637 15 movably disposed within a hmen of the outer tube 631 and 1s coupled to a
pusher hub 639 that s movably disposed within the handle 635 and coupled to an actuator
{not shown). The actuator can be used to actuate or move the pusher hub 639 and the pusher
637 during deployment of a distal anchor 640 and can be movably disposed at feast partially
within the handle. A veedle 641 {see FIG. 29B) 15 movably disposed within a lumen of the
pusher 637 and 1s coupled to a needle bub 643 that 18 coupled to an actuator (not shown)
and/or engrgy storage member {not shown). The actuator can be used to actuate or move the
needle hub 943 and the needie 641 {(both mdependent of the pusher bub and the pusher)
during deployment of the distal anchor 640 and can be movably disposed at least partially
within the handle 635, For exampie, the handle 635 can define a fumen in which the actuator
o1 a portion of the acteator can be actuated and/or moved. The delivery device 630 can also
mclude a locking lever (not shown} that can be used 1o prevent the actuator(s} and/or ong or
more of its consfituent components from actuating and/or moving within or relative to the
handle 635 during, for example, storage and/or prior to performing a procedure to deploy the
distal anchor. For example, the locking lever can be similar to or the same as the locking

ever 449 described above,

{1159} A suture catch 646 (also referred to as “tether catch™ can be coupled 10 a
proximal end of the delivery device 630, The suture cateh 646 1s configared o releasably
hold or secure a suture 642 extending through the delivery device 630 during delivery of the
distal anchor 640 as descrbed above for previous embodiments. In some embodiments, the
suture catch 646 can hold the suture 642 with a friction fit or with a clamping force and can
have a lock that can be released after the distal anchor 640 has been deploved/formed nto g

bulky knot.

{1174 As described above for previous embodiments, the suture 642 {(also referred to
herein as “tether™) can be formed mte an elongated coiled configuration and is disposed
within the outer tube 631 at the distal end portion 632 of the delivery device 630, As
described above, for example, for suture 242, two strands of the suture 642 can extend from
the distal elongated coiled portion of the suture 642, and extend through the lumen of the
neodle 641, The distal clongated cotled portion of the suture 642 will be formed oto the

distal anchor 640 {e.g., bulky knot) upon actuation of the delivery device 630 as described m
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more detaidl below. As discussed above for previous embodiments, the distal anchor 640 can
be m the form of one or more mukti-tum coils of the suture 642 that can be changed from the
clongated coiled configuration during delivery to a knot configuration by approxumating

opposite ends of the coils towards each other, 1o form one or more loops,

{1171} To deliver and form the distal anchor 640 within, for example, a left atrium of the
heart to repair a mitral valve, the distal end portion of 632 of the delivery device 630 can be
mserted throvgh an apex portion of the heart and info the left ventricle until the end effector
633 contacts a proximal side of the mitral valve leaflet L as shown 1o FiG. 29A. In tus
embodiment, with the delivery device 630 positioned agamst only the ventricular side of the
mitral leaflet L, and with a proxamal end portion of the suture 642 (e g, two suture strands of
suture 642} secured to the suture catch 646, the actuator can be actuated and/or moved to

B

move both the needle hub 643 and the needle 641 distally relative 1o the handle 635, the
pusher hub 639 and the pusher 637, The needle hub 643 and the needle 641 (with the coled
portion of the suture 642 coupled thereto) are moved distally until the needle hub 643 and
needle 641 reach a preset location within the handle 6335, at which point thew travel in the

distal direction is stopped.

{1172} in somc embodiments, the delivery device can also include one or more stop
members within the handle that can engage or contact the needle hub to hout or stop the

travel of the needle in the distal direction.

{1173} As the needle 641 1s advanced distally within the handie 635, a distal piercing
portion {not shown) of the needle 641, and in some cases, at least the first wrap of the cotled
portion of the swture 642, punctures the leatlet L and forms an opening o the leaflet L (see
e.g., FIG. 298). The distance the distal piereing porfion of the needle 641 extends within the
left atrivm on the distal side of the leaflet L can be determuned, for example, by the preset
aflowed amount of travel of the ncedle 641 described above {¢.g., in some embodiments, the
amoumt of travel can be determined at least 1 part by a stop member within the handle and/or
a mechamsm disposed within the handle 635, In some embodiments, the delivery deviee 630
can be configured to advance the distal piercing portion of the needle 641 a shorter distance
mto the feft atrium thao as shown and described above for the embodiment of FIGS. 6-10.
For example, in some embodiments, the needle hub 643 can travel about 025 inches. In
some embodiments, the needle can be extended outside of the distal end of the delivery

device {e.g., bevond the end offector) half the distance that is shown and described for the
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embodiment of FIGS. 6-10. In some embodiments, the needle can be extended cutside the

delivery device a distance of about 8.2 ~ 0.3 inches (e.g.. 11.25 inches).

{1174] With a portion of the needle 641 disposed withun the left atrium, an actuator (not
shown} {¢.g. a plunger or other type of actuator mechanismy can be actuated and/or moved to
canse the pusher hub 639 and in tum the pusher 637 to move distally within the handle 633
and relative to the necdle 641 and needle hub 643, as shown by FIG. 29C. In this manner, the
pusher 637 can urge the coiled portion of the suture 642 (e.g.. the distal anchor 640} further
distally relative to the necdic 641, as described in further detad herein. For example, i some
embodiments, with the end ¢ffector 633 mw contact with the proximal side of the mitral valve

feaflet L, the pusher 637 can be moved distally about 0.65 inches.

{1175] As the pusher 637 18 moved distally, with the suture catch 646, the needle 641 and
the needle bub 643 in fixed positions relative to the pusher 637, a distal end of the pusher 637
maoves or pushes the distal coiled portion of the suture 642 (ie., distal anchor 640) over the
distal end of the needle 641 and further within the lefl atrium of the heart on a distal side of
the mutral feaflet (see FIG. 28C). In thus manner, the distal end of the pusher 637 pushes the
cotled portion of the suture 642 (Le., distal anchor 640} distally off the needle 641, To allow
the distal cotled portion of the suture 642 (e, distal anchor 640} to siide relative to and
eventually off the needle 641, when the suture 642 is loaded within the debivery device 630,
there can be slack formed i the soture 642 between the distal cotled portion of the suture 642
and the suture tock withun the suture catch 646, As shown o FIG. 2903, as the pusher 637
continues to move distally relative to the needle 641, the cotled portion of the suture 642
forms the bulky knot configuration of the distal anchor 640 by approximating oppostie ends
of the cotls of the clongated coil portion of the suture 642 towards each other, to form one or
more loops (two loops are shown m FIG. 2903). For example, with the oppostie ond portions
of the suture 642 fixed and secured within the suture catch 646, as the pusher 637 moves

Ly

distally, the cotls are forced against the distal end of the pusher 637 to form the knot.

{1176} Afier the distal anchor 640 has formed a knot, the proximal end portions of the
sutere 642 can be released from the suture ¢atch 646 and the delivery device 630 can be
withdrawn proximallv, leaving the distal anchor 640 disposed on the distal side of the leaflet
L {as shown in FIG. 29E), and two lengths or strands of the suture 632 extending out of the
heart. In other words, with the soture 642 released from the suture caich 646, the delivery

device 630 can be shid proximally over the suture 642 for romoval. In some crmbodiments,
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after the distal anchor 640 has formed a knot, and the proximal end portions of the suture 642

are rolcased from the suture caich 646, the needle 641 and/or the pusher 63

~y
'I

can be
withdrawn proximally within and relative to the outer wwbe 631 In somc mstances, the
necdle 641 and/or the pusher 637 are withdrawn proxamally into the cuter tube 631 before the
debivery device 630 1s withdrawn proximally, while in other instances, the needle 641 and/or
the pusher 637 are withdrawn proximally indo the outer tube 631 as the delivery device 630 is

withdrawn proximally.

{1177} As described above for previous embodiments, the lengths or strands of the suture
6542 between the distal anchor 640 and the opening in the heart can be adjusted until the
desired length 1s established. The proximal ends of the suture 642 can then be secured {0 an
outer surface of the heart at, for example, the apex region, with a proximal anchor {(not
shown}. The proximal anchor can be, for example, a pledget, one or more kuots, or other
suitable anchoring device. As previcusly described, the above procedure can be performed
multiple times on the same leaflet, andfor can be performed on the other mitral valve leaflet
n the same manner. Thus, as a result one or more anchor-tether apparatuses {¢.g., anchor-
tether apparatus 145) can be anchored on a distal side of a leaflet with a distal anchor 640 and
secured to the apex of the heart with 3 proximal anchor via the tether 642, Aliernatively, if
one or more anchor-tether apparatus are attached to both mitral valve leaflets, an anchor-
tether apparatus attached to cach leaflet can be sccured together in the heart by tying them
together with knots or by another suntable attachment member (not shown), creating an edge-
to-edge repair to decrease the septal-lateral distance of the mutral valve orifice. The two
attached anchor-tether apparatus can be left loose or tensioned o0 create a “facilitated” edge-

to-cdge repair before being secured to an outer surface of the heart with a proxamal anchor.

{1178} in some embodiments, alternatively or 1o addition to providing slack in the suture,
a sprmg can be disposed m the handle and coupled to the suture between the distal cotled
portion of the suture (e, the distal anchor) and the suture lock, which can expand

longitudinally as the distal anchor 15 moved distally relative to the handle as described above.

{1179] in another embodiment, a bulky koot distal anchor can be deploved/formed using
a delivery device that utilizes an independent short throw deplovment sequence.  The
mdependent short throw deployment sequence 1s simular to the independent full forward short
throw deplovment sequence of FIGS. 29A-28E, except the bulky knot distal anchor is

deployed/formed by pulling on the proximal ends of the sutwre to pell the coils against the
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distal end of the pusher rather than moving the pusher distally relative to the needle. Similar
to the embodiment of FIGS. 29A-29E, for example, the pusher and needle can be moved
within the outer tube independently of cach other and during varving tirne periods in rosponse
to separate force-providing mechanisms and/or separate energy storage members. Further,
similar to the embodiment of FIGS. 14A-14E, the needle can be moved proxamally within
and relative to the handie, pulling the suture {c.g., suture strands extending from the cotled
partion of the suture} proximally through the pusher to form the bulky koot configuration of
the distal anchor. FIGS. 30A-30F are schematic illustrations of an embodiment of a delivery
device for delivering and deploving a distal anchor and configured to provide such an

mndependent short throw deployment seguence.

{1189} As shown m FIGS. 30A-30E, a delivery device 730 tuclodes a distal end portion
732, a proximal end portion 736 and a medial portion 734, The distal end portion 732
mehudes an end effector 733 that can be placed in contact with a leaflet L of a mutral valve as
described above with respect to previous embodiments. The ond effector 733 1s couplad to a

distal end portion of an outer tube 731 and a proxumal end portion of the outer tube 731 i

0.

coupled to a handle 735 at the proximal end pottion 736 of the delivery device 730, Theen
effector 733 can distribute the force of the outer tube 731 over a larger area io
prevent/eliminate puncturing of the leatlet with the delivery device 730 during deployment.
In some embodiments, the end effector 733 can melude a balloon (not shown). An clongate
pusher 737 15 movably disposed within a hamen of the ouler tube 731 and 15 coupled to a
pusher hub 739 that (s movably disposed withim the handie 735 and coupled to an actuator
{not shown} and/or encrgy storage member not shown). The actuator and/or cnergy storage
member can be used to actuate or move the pusher hub 739 and the pusher 737 during
deployment of a distal anchor 740 and can be movably disposed at least partially within the
handle. A needle 741 {see FHG. 30B) s movably disposed within a himen of the pusher 737
and 1s coupled to a needle hub 743 that 1s coupled to an actuator {not shown}. The actuator
can be used to actnate or move the needle hub 743 and the needle 741 (both mdependent of
the pusher hub and the pushery during deplovment of the distal anchor 740 and can be
movably disposed at least partially within the handle 735 For oxample, the handle 733
defines a lumen v which the actuator or a portion of the actuator can be actuated and/or
moved. The delivery device 730 can also include a locking lever {not shown) that can be
used to prevent the aciuator and/or one or more of is constituent componenis from actuating

and/or moving within or relative to the handle 735 duning storage and prior to performing a
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procedure or a particular portion thereof to deploy the distal anchor. For example, the

locking lever can be similar to or the same as the locking lever 449 described above.

{1181} A suture catch 746 {(also referred to as “tether catch™) can be coupled to a
proximal end of the delivery device 730, The suture catch 746 15 configured to releasably
hold or secure a suture 742 extending through the delivery device 730 during delivery of the
distal anchor 740 as described above for previous embodiments. In some ombodiments, the
suture catch 746 can hold the suture 742 with a friction {it or with a clamping foree and can
have a lock that can be released afier the distal anchor 740 has been deploved/formed into a

bulky knot.

{1182} As described above for previous emboduments, the suture 742 (also referred to
heretn as “tether™) can be formed mto an elongated coiled configuration and s disposed
within the outer tube 731 at the distal end portion 732 of the delivery device 730, As
described above, for example, for suture 242, two strands of the suture 742 can extend from
the distal clongated coiled portion of the suture 742, and extend through the lumen of the
necdle 741, The distal elongated cotled portion of the suture 742 will be formed mto the
distal anchor 740 {e.g., bulky knot} upon actuation of the delivery device 730 as described in
more detail below. As discussed above for previous embodiments, the distal anchor 740 can
be in the form of one or more mubti-turn coils of the suture 742 that can be changed from the
clongated coiled configuration during delivery to a knot configuration by approdimating

oppostie ends of the coils towards cach other, to form one or more loaps.

{1183} To deliver and form the distal anchor 740 withun, for example, a left atrium of the
heart to repatr a mitral valve, the distal end portion of 732 of the delivery deviee 730 can be
mserted through an apex portion of the heart and nto the left veniricle until the end effector
733 contacts a proximal side of the mutral valve leaflot L as shown i FIG. 30A. In this
crabodiment, with the delivery device 730 positioned against only the vendricular side of the
mitral leaflet L, and with a proximal end portion of the suture 742 (e.g., two suture strands of
suture 742} secured to the suture catch 746, the actuator and/or encrgy storage moember can be
actuated and/or moved to move both the needle hub 743 and the needle 741 distally relative
to the handle 733, the pusher bub 739 and the pusher 737, The needle hub 743 and the needle
741 {with the coiled portion of the suture 742 coupled thercto} are moved distally uotil the
needle hub 743 and needle 741 reach a preset location within the handle 735, at which pomt

their travel 1o the distal direction is stopped.
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{11844 In some embodiments, the delivery device can also inclede one or more stop
members within the handie that can engage or contact the needle b to limit or stop the

travel of the needle in the distal direction.

{1185} As the needle 741 13 advanced distally within the haodle 735, a distal piercing
portion {not shown) of the needle 741, and m some cases, at least the first wrap of the coiled
portion of the sature 742, punctures the leaflet L and forms an opening in the leaflet L (sce
c.g., FI{G. 30B). The distance the distal piercing portion of the needle 741 extends within the
left atcum on the distal side of the leaflet L can be determined, for exampie, by the presct
allowed amount of travel of the needle 741 described above {e.g., in some embodiments, the
amount of travel can be determined at least in part by a stop member within the handle and/or
a mechanism disposed withiny the handle 735}, In some embodiments, the delivery device
736 can be configured to advance the distal piercing portion of the needle 741 a shorter
distance into the left atrium than as shown and described above for the embodiment of FIGS.
6-10. For example, in some embodiments, the needle hub 743 can travel about .25 mches.
In some cmbodiments, the needle can be extended outside of the distal end of the delivery
device {e.g., bevond the end effector) half the distance that 15 shown and described for the

embodiment of FIGS. 6-10. In some embodiments, the needle can be extended outside the

{1186] With a portion of the needle 741 disposed within the left atrium, an actuator (not
shown} can be actuated and/or moved to cause the pusher hab 739 and in turn the pusher 737
to move distally within the handle 7335 and relative to the needle 741 and needle hub 743, as
shown by FIG. 30C. In this manner, the distal end portion of the pusher 737 ¢an urge, push,
or otherwise move the coiled portion of the suture 742 {o.g., the distal anchor 740} off and
distal to the needlc 741, as described 1o further detail herom.  For example, in some
embodiments, with the end effector 733 in contact with the proximal side of the nutral valve
leaflet L, and the needle 741 m a fixed position relative to the pusher 737, the pusher 737 can

be moved distally abowt 0.65 inches.

{1187} As the pusher 737 is moved distally, and with the sature caich 746, the needle741
and the needic hub 743 1o fixed positions relative to the pusher 737, a distal end of the pusher
737 moves or pushes the distal cotled portion of the suture 742 {i.e., distal anchor 740) over
the distal end of the necdle 741 and further within the left atrium of the heart on a distal side

of the mutral leaflet (see FIG. 30C). In other words, the distal end of the pusher 737 and the
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distal coiled portion of the suture 742 extend bevond the distal end of the needle 741, For
example, in some embodiments, at least half a length of the distal cotled portion of the subre
742 extends bevond the distal end of the needle 741, In some embodinents, at least three
quarters of the length of the distal cotled portion of the suture 742 extends bevond the distal
end of the necdle 741, In other embodiments, the entire length of the distal coiled portion of
the suture 742 extonds bevond the distal end of the needle 741, To alow the distal coiled
portion of the suture 742 (1.c., distal anchor 740} to slide relative o and eventuallv off the
needle 741, when the suture 742 15 loaded within the debivery device 73{, there can be slack
formed in the suture 742 between the distal coiled portion of the suture 742 and the suture

lock within the suture catch 746,

{1188} After the distal coiled portion of the suture 742 1s moved to the distal side of the
feaflet L, the needle hub 743 and the needle 741 are moved proximally relative to the pusher
737, pulbing the suture 742 {e.g., suture strands extending from the coiled portion of the
suture 742} through the pusher 737 to form the bulky knot configuration {as shown m FIG.
3003 of the distal anchor 740 by approximating opposite cnds of the coils of the clongated
coil portion of the suture 742 towards each other, to form one or more loops. As shown n
FIG. 30D, by pulling on the proximal ends of the suture 742, the coils are pulled against the
distal end of the pusher 737 to form the knot.  After the distal anchor 740 has formed a kaot,
the proximal end portions of the suture 742 can be released from the sumre catch 746 and the
delivery device 730 can be withdrawn proximally, feaving the distal anchor 740 disposed on
the distal side of the leaflet L (as shown in FIG. 30K}, and two lengths or strands of the subire
732 extending out of the heart. o other words, with the suture 742 released from the suture

catch 746, the delivery device 730 can be shd over the suture 742 for removal.

{1189} in some cmbodiments, after the distal anchor 740 has formed a knot, and the
proximal end portions of the suture 742 are released from the suture catch 746, the needle
741 and/or the pasher 737 can be withdrawn proximally within and relative to the outer tube
731 In some instances, the ncedle 741 and/or the pusher 737 are withdrawn proximally wto
the outer tube 731 before the delivery device 730 18 withdrawn proximally, while in other

~
H

mstances, the needle 741 and/or the pusher 737 are withdrawn proximally into the outer tube

731 as the delivery device 734 1s withdrawn proximally .

{1194 As described above for previous embodiments, the lengths or strands of the suture

742 between the distal anchor 740 and the opening in the heart can be adjusted wantil the

L
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desired length 15 established. The proximal ends of the suture 742 can then be secured to an
outer surface of the heart at, for example, the apex region, with a proximal anchor {not
shown}. The proximal anchor can be, for example, a pledget, one or more knots, or other
suttable anchoring device. As previcusly described, the above procedure can be performed
multiple times on the same leaflet, and/or can be performed on the other mitral valve leaflet
i the same manner. As a resolt, one or more anchor-tether apparatuses (¢.g.. anchor-tether
apparatus 145} as described above are cach anchored on a distal side of a leaflet with a distal
anchor 740 and secured to the apex of the heart with a proximal anchor via the tether 742,
Altematively, if one or more anchor-tether apparatus are attached fo both mitral valve
leatlcts, an anchor-tether apparatus attached to cach leafict can be secured together 1o the
heart by tymg them together with knots or by another swiable attachment member {(not
shown}, creating an edge-to-edge repair (o decrease the septal-lateral distance of the mitral
valve ortfice. The two attached anchor-tether apparatus can be left loose or tensioned io
croate a “facilitated” edgo-to-edge repair before being secured to an outer surface of the heart

with a proximal anchor.

{1191} In some embodiments, altematively or in addition to providing slack m the suture,
a spring ¢an be disposed in the handle and coupled to the suture between the distal cotled
portion of the suture {1e, the distal anchory and the suture lock, which can expand

longtudinally as the distal anchor is moved distally relative to the handle as described above.

{1192} FIG. 31 shows a schematic dlustration of a distal anchor 840 shown 1in an
clongated cotled configuration. The distal anchor 840 can be delivered and deployved withina
heart using any of the dehvery devices described herein. For case of explanation, the distal
anchor 840 is shown and described with reference to a fist section 360 of the suture 842 and
a sccond soction 870 of the suture 842, The first section 860 has a first portion 861 {as shown
i dashed hne for ease of Hustration} and a second portion 862 mceluding a first coil 863
formed of snudtiple turns about the extenior of the distal end portion 832 of the delivery device
830, The first coil 863 has a proximal end 864 and a distal end 863, The second portion 862

of the {irst section 860 has a first end 866 at the distal end 8635 of the first coil 8§63,

{1193} The second section 870 has a sccond portion 872 with a first end 876, and extends
proxamally from the first end 866 of the first section 860 through an inferior of the fust coil
863 {and through the lumen of the distal end portion 832 of the deliver device 830) to the

roximal end 864 of the first coil 863, The second section 8370 also includes a loop formine
P P g
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segment 377 that extends distally from a first end 878 of the loop forming scgment 877 at the
proximal end 864 of the first coil 863 along the outside of the first coil 863 to the distal end
865 of the first cotl 863, and extends proximally through the werior of the first coil 863 {and
through the lumen of the distal end portion 832 of the deliver device 830} to the proximal end

364 of the first coil 863 at a second end 879 of the loop formung segment 877,

{1194] The second portion 872 of the second section 870 mcludes a second coid 873
formed of multipke turas about the exterior of the distal end portion 32 of the delivery device
830 proximal to the first cotl 863, and has a proximal ond 874 and a distal end 875 The
second portion 872 of the second section 870 extends proximally from the fivst end 876 of the
second portion 872 through the interior of the sceond coil 873 {and as shown m FIGS. 32A-
32E. ¢.g., through the lumen of the distal end portion 832 of the deliver device 830} to the
proximal end 874 of the second coil 873, The furst end 878 of the loop forming scgment 877
of the second portion 872 of the second section 870 extends from the distal end 875 of the

second coil 873,

{1195 The second portion 862 of the first section 860 has a loop forming segment 867
that extends from a first end 868 of the loop forming segment 867 of the second portion 862
of the fust section 860 proximally from the proximal end 864 of the first coil 863 along the
outside of the second coil 873 to the proximal end 874 of the second coil 873 and extends

distally through the interior of the sccond coil 873 {and as shown in FIGS. 32A-32E ¢

(]

through the lumen of the distal end portion 832 of the deliver device 830) to the distal end
875 of the second coil 873 at a second end 869 of the loop forming segment 867 of the
second portion 862 of the first section 860. The first portion 861 of the first section 860
extends proximally from the sccond end 869 of the loop forming segment 867 of the second

portion 862 of the first section 860,

{1196] FIGS. 3ZA-3ZE dhustrate m sequence the formation of the distal anchor 8340 of
FI(z. 31 about an exterior of a needle 841 of a delivery device(not shown) and n an elongated
gotled configuration (FIG. 32E). The needle 841 defines a lumen L therethrough and a slot
{not shown} in communication with the lumen L. To form the distal anchor 840 about the
necdic 841, the second portion 872 of the second section 870 of the suture 842 15 rouied
through the lumen L of the needle 841 (sce ¢g., FIG. 32A). Nexi, the second portion 862 of
the first section 860 of the suture 842 is wrapped about the needle 841 to form the first coil

863 (sec e.g., FIG. 32B). Similarly, the second portion 872 of the second section 870 of the

L
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suture 342 1g wrapped about the needle 341 proximate to the first ol 863 to form the second

coil 873 {see ¢.g., FIG. 32C).

{1197] After formation of the first coll 863 and the second coil 873 about the needle 341,
the loop forming segment 867 of the second portion 862 of the first section 860 i formed by
routing proximally the scction portion 862 of the first section 860 of the sutare 842 from the
proximal end 864 of and exterior to the fivst coil 863 towards the proxamal end 874 of the
seccond coii 873 (sec e.g., FIG. 320}, and then extending distally through the mierior of the
second coil {see ¢.g., FIG. 32D, o a sinular manner, the loop forming segment 877 of the
second portion 872 of the sccond section 870 1s formed by routing distally the second portion
372 of the second section 870 of the suture 842 from the distal end 875 of the second col 873
towards the distal end 865 of the first coil 863 (see c.g.. FIG. 32(), and then extending
proximally throngh the interior of the first coil 863 to the proximal end 864 of the first coil
863 (sec e.g., FIG. 32D). The first portion 861 of the first section 860 of the sature 842 and
the first portion 871 {as shown in dashed line for case of illustration) of the second section
870 of the suture 842 extends from the lumen L of the needie 84 through the slot (not shown)
of the needle 841 to an area external 1o the needle 841 such that cach portion 861, 871 can be

manipulated {e.g., pulled proximally) to form the knot, as desenbed above.

{1198} FIGS . 33A-33D illustrate an example method of preparng a delivery device 930
to deliver a distal anchor 940 {¢ g., and tc form a bulky knot distal anchor) to be disposed on
a distal side of a mutral valve leaflet. The delivery device 930 can be constructed the same as
or similar to, and fanction the same as or similar to, for example, the delivery device 430 or
any other delivery device descnbed herein. It should be understood that for features and
functions not specifically discussed with respect to the delivery device 930, those features
and functions can be the same as or similar to the delivery device 430 or any of the delivery

devices described herein.

{1199] The guide member 935 15 configured to be coupled to the proximal end of a
pusher hub 939 as llustrated by arrow A in FIG. 33A and disposed within a lomen defined by
the biasing member 990 shown in FIG. 30B. As dllustrated i FIG. 338, the biasing mentber
994 s configured to be shid over the needle 941 that i1s coupled to a needle hwb {(not shown}

disposed within a plunger 948,

L
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{1204 To couple the pusher hub 939 to the plunger 948, the pusher hub 939 15 shid over
the needle 941 towards the distal end of the phinger 948, as shown by arrow B in FiG 33C,
uotil the guide member 955 and the biasing member 990 arc wmseried into a lumen defined by
the phuinger 948 and the tabs 983 of the pusher hub 939 arc aligned with corresponding slots
{not shown} defined by the phimger 948, As the pusher hub 939 is <lid towards and
gventually coupled to the plunger 948, the biasing member 990 is compressed or otherwise
foaded with potential energy.  Although not shown in FIGS, 33A-331, the delivery device
930 can melude 2 handle, and similar to as descenibed herein with respect to the tabs 485 and
the handle 435 of FIGS. 17A and 18A, when the pusher hob 939 i3 coupled to the plunger
S48 {as shown by FIG. 33D, the tabs arc compressed by the mner walls of the handle. As
tustrated 1o detailed view by FIG. 33E, the needie 941 18 movably disposed within the

fumen defined by the pusher 937,

{1281} FIGS. 34A-34H tostrate an example method of forming the distal anchor 940 m
an clongated coiled configuration {(FIG. 34H) about an exierior of the needie 941, The distal
anchor 940 {(formed of a suture 942) and the needle 941 can be constructed simtlar to or the
same as and function similar to or the same as any of the distal anchors and needles deseribed
herein with respect to previous embodiments.  The needle 941 defines an mterior fumen L
and a distal portion of the needle 941 inchudes a slot SL m communication with the lumen. As
shown in FIG. 34A, the second portion 972 of the second section 970 of the suture 942 s
routed through the slot SL of the needle 941and between the knot rings 980, The knot nings
680 {c.g., silicon O-rings} are disposed about the suture 942 and the needle 941 to sccure the
suture 9472 to and within the slot SL of the needle 941 In this manner, the kuot rings 980
define the outer edges {or the distal cnd 963 of the first cotl 963 and the proximal end 974 of
the second cotd 973) of the distal anchor 940, and can secure the suture 942 such that the first

cotl 963 and the second coil 973 can be formed about the needle 941,

{1262] To form the first coil 963 and the second cotl 973, the needle 241 15 rotated such
that the free ends {or the sccond portion 962 of the first section 960 and the second portion
872 of the second section 970} of the suture 942 form muiltiple tums about the exterior of the
necdle 941, as shown in FIG. 34B. Next, the loop forming segment 967 of the scoond portion
962 of the first section 960 is formed by routing proxtmally the second portion 962 of the
first section 960 of the suture 942 from the proximal end 964 of and extenor to the furst coil

963 towards the proximal end 974 of the second conl 973, and then exiending distally through
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the intenior of the second coil 973 to the distal end 973 of the second coil 973, as shown in
FiG. 34C. In a simular manner, the loop forming segment 977 of the sccond portion 872 of
the second section 970 1s formed by routing distally the second portion 972 of the second
section 970 of the suture 942 from the distal end 975 of the sccond coil 973 towards the distal
end 965 of the first coil 963, and then extonding proximally through the interior of the first

cotl 963 to the proximal end 964 of the first coil 963, as shown in FIG. 34D

{1203 To further prepare the distal anchor 940 for delivery o a heart, as deseribed
previous cmbodiments, the loop forming segments can be shortened and/or tightoned by
pulling the first portion 961 of the first section 960 of the suture 942 and the first portion 971
of the sceond section 970 of the subure 942, Such a configuration is shown in FIG. 34E.
Once the loop forming segments 967, 977 are formed, the koot rings 980 can be removed
from the needle 932 and the swure 942, Upon removal of the knot nings 980, the loop
forming segments 967, 977 can be further shortened or tightened, as shown mn FIGS. 34F and
34G. Next, the first portion 961 of the first section 960 of the seture 942 and the first portion
571 of the second section 970 of the suture 942 can be routed proximally 1oto a distal end of
the interior lumen L of the needle 941 and proximally through the ieror lumen L, as shown

m FIGS, 340 and 341

{1204} In some embodiments, a snare 993 can be used to facilitate routing of the suture
9472 and forming of the distal anchor 942, ag thustrated in FIGS. 34C, 340, and 34 G. For
cxample, the snare 993 can be used 1o route the first portion 961 of the first section 960 and
the first portion 971 of the second section 970 into the tnderior lumen L of the needle and

proximally through the wnterior lumen L.

{1265] In another embodiment of a distal anchor, the circumterential windings of the knot
i the knot distal anchor 940 described above are replaced by a single flexible tabe. Such an
crabodiment of a distal anchor 15 dlustrated in FIGS. 35 and 36. FIG. 35 illustrates a distal
anchor 1040 in an elongated delivery configuration, and FIG. 36 tlustrates the distal anchor
140 in a deploved configuration.  In this embodiment, the flexable tube 1044 has a distal
portion 1643, and a proxumal portion 1056, and a slit 1046 separating the distal portion 1045
from the proximal portion 1056, In an alternative cmobodiment, mnstead of a single flexible
twbe 1044, the anchor 1040 can be formed with a separate distal tube and proximal tube {not
shown}, separated by a gap, rather than a partial circamference slit in a middle portion of a

single flexible tube, as shown in FIG 35, The suture 1943 is routed inte and through the slit

X7
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1046, into a lumen of the flexable tube 1044, extending distally through the humen from the
slit 1045 towards and through a distal end 1065 of the distal portion 10435, then extending
proximally along the exterior of the tlexible tube 1044 towards and through a proximal end
1074 of the proximal portion 1056, then extending distally mito and through the lumen of the
flexable tube 1044 towards and through the distal end 1063 of the distal portion 10453, then
extending proximally along the exterior of the flexible tube 1044 towards and through the
proximal cnd 1074 of the proxumal portion 1056, and thor extending distally through the
himen of the flexible tube 1044 towards and through the sht 1045 and cutside of the flexsble

tube 1044, as shown m FI(G. 35,

{1286] Simlar 1o the knot distal anchors described above with respect to previous
embodiments, the distal anchor 1040 can be deployved 1n a sumilar manner vsing the delivery
devices descnibed above with respect to those embodiments. For example, the distal anchor
1040 can be debvered in the clongate configuration (FIG. 35) and moved to the deployed
configuration (FIG. 36} by pulling the suture strands 1042 proximally to deflect the distal end
1065 of the distal portion 1045 of the flexible tube 1044 laterally with respect to0 a proximal
end 1064 of the distal portion 1045 of the flexable tube 1044 to draw the proximal end 1064
and the distal end 1065 of the distal portion 1043 of the Hexible tube 1044 towards cach other
to form a loop L as shown in FIG. 36, Simularly, the sutwre strands 1042 can be pulied
proximally to deflect the distal end 1075 of the provumal portion 1056 of the flexible wbe
1044 laterally with reapect to a proximal end 1074 of the proximal portion 1056 of the
flexible tube 1044 to draw the proximal end 1674 and the distal end 1075 of the proximal
portion 1036 of the flexible wibe 1044 towards cach other to form a loop L as shown 1o FIG.

e
a0

{1297} 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 configoration m FIG. 37, Sumilar to the koot distal anchor 240 described
above, the distal anchor {or T-fastener} 1140 can be deploved in a stmilar manmer using any
of the dehivery devices described above with respect to previous embodiments. For example,
the distal anchor 1140 can be coupled to a suture or sotures 1142 and removably coupled to
or otherwise 1o oporable contact with a pusher 1134, The distal anchor 1140 can be delivered
i the clongate configuration and moved to the deploved configuration by pulling the suture

1142 proxamally to rotate the distal anchor 1140 such that the distal anchor 1140 15 non-

L
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paralicl with respect to the pusher 1134, the distal end portion of the delivery device 1130,
and/or the suture 1142, Simultancously, the distal anchor 1140 can be decoupled or
otherwise separated from {not shown) the pusher 1134 as the pusher 1134 15 moved distally
relative o0 a handle {not shown) of the debivery device and the suture 1142 1s palled

proximally.

{1208] 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, as
shown wm FIGS. 38A-38D). FIG. 38A illustrates the distal anchor 1240 wm an clongated
delivery configuration disposed withun a lumen defined by and disposed through the distal
end portion 1232 of the delivery device. FIG. 38B illustrates the distal anchor 1240 in the
ciongated deliver configuration and disposed outside of and distal to the distal end portion
1232 of the delivery device. FIGS. 38C and 38D iHustrate the distal anchor 1240 m a
deploved configuration m side and perspective view, respectively. Smmlar to the knot distal
anchor 240 described above, the distal anchor 1240 can be deploved m a similar manner
using any of the delivery devices described above with respeet to previous embodiments, For
example, the distal anchor 1240 can be coupled to a suture 1242 {or disposed about the suture
1242 such that the suture 1242 extends through a lumen defined by the distal anchor 12483
having a stopper 1290 disposed at a distal end of the sohwe 1242 The subure 1242 is
removably coupled to or otherwise in operabie comtact with a pusher 1234, The distal anchor
12480 can be delivered m the elongate configuration {see e.g., FIGS. 38A and 383B) and
moved to the deployved configuration by pulling the suture 1242 proximally and/or moving
the pusher 1234 distally as shown in FIGS. 38C and 38D In this manner, both the stopper
1290 and the pusher 1234 can collectively faciitate the transition of the distal anchor 1240

from the elongated delivery configuration to the radially expanded deployed configaration.

{1209] In another embodiment of a distal anchor, the expandable distal anchor 1240
described above 15 replaced by a double expandable distal anchor, as shown in FIGS. 39A-
39C. FiG. 39A illusirates the distal anchor 1340 in an clongated delivery configuration
FIG. 398 illustrates the distal anchor 1340 m a partially deploved configuration. FIG. 39C
tustrates the distal anchor 1340 1n a deploved configuration.  Somilar to expandable distal
anchor 1240 described above, the distal anchor 1340 can be deploved in a sinnlar manner
using, for cxample, anv of the delivery devices described above with respect to previous

embodiments. For example, the distal anchor 1340 can be disposed about a suture 1342 such

L
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that the suture 1342 extends through a luomen defined by the distal anchor 1340, and
removably coupled to or otherwise in operable contact with a pusher {uot shown). The distal
anchor 1340 can be delivered in the clongate configuration {see ¢.g., FIG. 39A) and moved 1o
the deploved configuration {see ¢.g., FIGS. 39B and 39C) by pulling the suture 1342
proximally and/or moving the pusher {not shown} distally, In this embodiment, the distal
anchor 1340 includes two slits.  As the sature 1342 is pulled proximally and/or the pusher
{not showny is moved distally, the slits facilitate expansion of two portions of the distal
anchor 1340, as shown in FIG. 39B. In us deployed configuration, the ends of the fivst slit
and the ends of the second shit are brought into or nearly indo contact with one another, ag

shown in FIG. 39C to maximize the expansion of the two portions of the distal anchor 1340

{1219] in use, in some embodiments, the distal anchor 1340 15 delivered m the clongate
configuration {sce ¢.g., FIG. 39A) through an opening in a leaflet {c.g., a prolapsed segment
of a native mifral valve leaflet) until a medial portion 1341 of the distal anchor 1340 i
disposed in the opening of the feaflet and a first shit 15 disposed in the left atrium of the heart
and the second siit is disposed in the left ventricle of the heart. The distal anchor 640 is then
moved mio s deploved configuration {see e.g., FIGS, 398 and 39C) such that the two
portions {defined in part by the shits} expand radially and/or laterally. In this manner, the two
portions of the distal anchor 1340 can collectively grab, grasp, sandwich, or otherwise
maintain a portion of the native valve leaflet therebetween. In addition to operably coupling
the distal anchor 1340 to the native valve leaflet, the distal anchor 1340 when deployed
provides a scal across the opening of the leaflet to prevent or otherwise luntt any fhud flow
through the opening. o some embodiments, the portions of the distal anchor 13490 can be
deploved {¢.g., expanded) simultancously, while in other embodiments the portions of the
distal anchor 1340 can be deploved sequentially, e g, the distal portion can be deploved at a
first time and the proximeal portion can be deployed at a second time after the first time, or

VICE VErsa.

{1211} In another embodiment of a distal anchor, the circomferential windings of the knot
mn the knot distal anchor 240 descenibed above are replaced by an expandable distal anchor {or
umbrella anchor), as shown in FIGS. 40A-37C. FI{G 40A illostrates the distal anchor 1440 in
an elongated collapsed delivery configuration and proxamate to a distal end portion 1432 of a
delivery device, Fiz. 408 illustrates the distal anchor 1440 in a partially deploved

configuration.  FIG. 40C illustrates the distal anchor 1440 in a deploved or expanded
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configuration and disposed distal to a valve leaflet VL. In this embodiment, during delivery
of the distal anchor 1440, the wterior walls of the distal end portion 1432 can retain the distal
anchor 1440 w us clongated delivery configuration when the distal anchor 1440 is disposed
within a fumen defined by the distal end portion 1432, When m the elongated debivery
configuration, an open end portion 1440a of the distal anchor 1440 15 disposed proximal to a
rounded distal end 1440b of the distal anchor as shown 1n FIG. 40A. Similar to distal anchor
246 descnibed above, the distal anchor 1440 can be deploved 1o a similar manner using any of
the delivery devices described above with respect to previous embodiments. For example,
the distal anchor 1440 can be coupled to a soture 1442 and removably coupled to or
otherwise in operable contact with a pusher 1434, The distal anchor 1440 can be delivered in
the clongate configuration {see ¢.g., FIG. 40A), and moved 1o the deploved configuration {see
e.g., FIGS. 40B and 40C) by polliing the suture 1442 proximally and/or moving the posher
1434 distally. As the distal anchor 1440 1s moved distally and the open end portion 1440a
exits the distal end portion 1432 of the delivery deovice, the distal anchor 1440 18 allowed to
expand {i.e., the open end 1440a opens) towards 1is deploved or expanded configuration, as

shown 1a FIG. 408,

j1212] In an aliernative embodiment, g distal anchor can be configured similar to the
distal anchor 1440 except that the distal anchor can be disposed on the suture 1442 such that
the open end of the umbrella shaped portion s 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 expanded or deploved
configuration and an elongated collapsed configuration 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 exits a distal end of the delivery dovice, the distal
anchor can transition from its elongated collapsed configuration to s expanded, deployed or
biased configuration. Said another way, as the distal anchor exits the distal end of the
delivery device, the open end of the distal anchor opens to #s expanded or biased
configuration. In this manner, the distal anchor can trapsition from its delivery configuration

to tts deployed configuration as it exits the delivery device.

{1213} in another embodiment of a distal anchor, the circumferential windings of the knot

in the koot distal anchor 240 described above are replaced by an expandable distal anchor, as
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shown in FIGS. 41A-410. In this cmbodiment, the distal anchor 1340 includes clongate
members 1540b with free ends 15402 and a stopper receiving section 1591, FiG. 414
illustrates the distal anchor 1540 i an clongated delivery configuration and disposed within a
tumen defined by a distal end portion 1532 of a dehverv device such that the free ends 1540a
of elongate members 1540b are disposed proxamal to the stopper recetving section 15391 of
the distal anchor 1540. FiG. 418 dlustrates the distal anchor 1540 in the clongated delivery
configuration.  FiIGS, 410 and 41D diustrate the distal anchor 1540 1w a deploved
configuration. In this embodiment, a distal end portion of the suture 1542 mclades a stopper
1590 and the stopper receiving section 1391 of the distal anchor 1340 is configured to
cooperatively mate with the stopper 1590, During delivery of the distal anchor 1540, the
mterior walls of the distal end portion 1532 can retain the distal anchor 1540 in s elongated
debivery configuration when the distal anchor 1540 is disposed within a lumen defined by the
distal end portion 1532, as shown in FIG. 38A. Sumilar to distal anchor 240 described above,
the distal anchor 1540 can be deploved in a sivular manner using any of the dehiverv devices
described above with respect to previous embodiments. For example, the distal anchor 1540
can be coupled to a soture 1542 and removably coupled to or stherwise in operable contact
with a pusher 1834, The distal anchor 1540 can be delivered in the clongated configuration
{see c.g., FIG. 41A) and moved to the deployed configuration {see e.g., FIGS. 418 and 410
by pulling the suture 1542 proximally and/or moving the pasher 1534 distally (see e.g., FIG.
41CY. Inthis manner, the stopper 1590 of the soture 1342 can be moved into contact with the
stopper receiving section 15391, and the stopper 1390 and the stopper receiving section 1591
can collectively facilitate the transition of the distal anchor 15340 from the elongated delivery

configuration to the expanded deployed configaration.

{1214] In an aliernative embodiment, g distal anchor can be configured similar to the
distal anchor 1540 except that the distal anchor can be disposed on the suture 1542 such that
the free ends of the clongate members are distal to the stopper receiving section. In 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 slongated
collapsed configuration when constrained within a delivery device. The distal anchor can be
pushed or moved out of a dehivery device with, for exaraple, a pusher device. As the distal
anchor exits the debivery device, a distal end of the distal anchor can trapsition from its
ciongated collapsed configuration to its expanded, deployed or biased configuration. Said

another way, as the distal anchor extis the distal end of the delivery device, the free ends of
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the elongate 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

o its deployed configuration as it exits the delivery device,

{1215} The distal anchor 1540 can be formed of any suitable matenal, such as, for
example a malleable stamless steel, a shape memory or superelastic alloy, or a polvmer. Une
such polvmer, for example, can include polyarvictherketones (PAEKs) such as
poivetheretherketone (PEEK). Optionally, in some embodiments, a distal anchor can include
or be coupled to a matenal {c.g., a fabric and/or polymer) that s configured to distribute an
anchor load, cover and/or seal the hole made m the leaflet, and/or promote imgrowth or an
otherwise desirable biclogical response when the distal anchor is disposed within a heart. For
gxample, as illustrated i FIGS. 42A and 428, the distal anchor 1540 of FIGS. 41A-41D can
have such a material 1392 coupled thercto. For example, in some embodirents, the material
1592 can extend between the clongate members 1540b and bevond the free ends 15404 of the
distal anchor 1540, as shown 1o FIG. 42A. In some embodimenis, the material 1592 can be
sized and shaped fo replicate or nearly rephicate the size and shape of the clongate members

1540b of the distal anchor 1540, as shown m FIG. 428,

{12196} in another embodiment of a distal anchor, the circumferential windings of the knot
in the koot distal anchor 240 described above are replaced by an expandable distal anchor, as
shown in FIGS. 43A-43C. FIGS. 43A dlustrates a distal end portion of the distal anchor
1640 1 a deploved configuration. FIG. 438 illustrates a proximal end portion of the distal
anchor 1640 in the deploved configuration. FIG. 43C illustrates in partial cross-section the
distal anchor 1640 in the deploved configuration. In this embodiment, a distal end portion of
the suture 1642 includes a stopper 1690, A radial support member 1694 is coupled and
disposcd proximal to the proximal end portion of the distal anchor 1640, The radial support
member 1694 can prevent or otherwise hmit the distal anchor 1640 from undesirably flipping
or deflecting (1} beyond a plane defined by the stopper 16940, and/or (2} distal o the stopper
1690, The radial support member 1694 can be made of any saitable material sufficient to
provide radial support, such as, for example, a non-elastic matenal. In addition, as shown best

mn FIG. 43, the distal anchor 1640 1s pre-configured to have a shght angle.

{1217} Similar to distal anchor 240 descrbed above, the distal anchor 1640 can be
deploved in a similar manner using any of the debivery devices described above with respect

to previous embodiments. For example, the distal anchor 1640 can be coupled to the suture
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1642 and removably coupled to or otherwise m operable contact with a pusher {not shown}.
The distal anchor 1640 can be delivered in the elongated configaration {not shown) and
maoved to the deploved configuration by pulling the suture 1642 proximally andfor moving
the pusher {not shown) distally, as shown 1 FIGS, 43A-43C. In this manner, the stopper
1690 of the suture 1642 can be moved mio contact with the distal end portion of the distal
anchor 940, and as a result, can coliectively facilitate the transition of the distal anchor 1640
from the clongated delivery configuration {not shown) to the cxpanded deploved
configuration.  Although not shown, i some embodiments, the distal anchor 1640 can
mehude radial stiffening members in addition to or instead being coupled to the radial support

member 1694,

{1218} in another embodiment of a distal anchor, the circumferential windings of the knot
1 the knot distal anchor 240 described above are replaced by an expandable braid, as shown
m FIGS. 44A-44E. FIG. 44A diostraies the expandable braid distal anchor 1740 mw an
clongated delivery configuration, FIG. 448 illustrates the distal anchor 1740 in the clongated
delivery configuration with reference fo a valve leaflet L, and FIG. 44C lustrates the distal
anchor 1740 1n cross-section in the elongated delivery configuration. FIG. 44D tllustrates the
distal anchor 1740 in an expanded or deploved configuration with reference to a valve leaflet
L, and FIG. 44E dflustrates in cross-section the distal anchor 1740 i the deploved
configuration. In this crobodiment, the expandable braid distal anchor 1740 has a distal
portion 1745, a prosimal portion 1756, and a distal collar 1793 disposed therebetween. The
distal anchor 1740 also mchudes a proximal collar 1796 disposed proxvimal to the proximal
portion 1756 of the distal anchor 1740, Similar to the knot distal anchor 240 described
above, the distal anchor 1740 can be deploved in a similar manner vemg any of the debivery
devices described above with respect to previcus embodiments.  For example, the distal
anchor 1740 can be coupled to a subure 1742, The distal anchor 1740 can be delivered in the
clongate configuration and moved to the deploved configuration by pulling the suture strands
1742 proximally 1o cavse the braided distal portion 1743 and the braided proxamal portion

1756 1o expand radially, as shown in FIGS. 44D and 44E.

1219} Prior to deployment of the expandable braid distal anchor 1740, the distal collar
1795 can be aligned with and disposed at lcast partially within the hole formed 1n the feaflet
L, as shown ¢ FIG. 448 In this manner, when deploved (radially expanded), the distal

portion 1745 of the distal anchor 1740 will be disposed on the distal side of the feaflet L {e.g,,
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within the atrivm of the heart), and the proximal portion 1746 of the distal anchor 1740 will
be disposed on the proximal side of the leaflet L {c.g., within the ventricle of the heart), as
shown in FIG. 440, Deplovment of the distal portion 1745 and the proximal portion 1746
can be nitiated in stages. For example, deploviment of the distal portion 1745 can be 1nitiated
while the proxamal portion 1746 15 m the elongated debivery configuration, and deployvment
of the proximal portion 1746 can be initiated after the distal portion 1745 has transttioned

it the deploved configuration.

{1228 Further to this example, m use, the distal anchor 1740 can be inseried into the
atrinm of the heart and the distal portion 1743 can be deploved withun the atrium. Next, the
sutare 1742 can be pulled proxamaliy such that a proximal side surface of the distal portion
1745 of the distal anchor 1740 s brought tuto contact with an atrial side of the heart valve
feaflet L. In this manner, the distal portion 1743 can be manipulated into a desirable position
before the proximal portion 1746 of the distal anchor 1740 15 deploved. Once the distal
portion 1745 s suitable positioned against the valve leaflet L, the proxamal portion 1746 of
the distal anchor 1740 can be deploved such that a distal side swrface of the proximal portion
1746 15 brought into contact with a venincle side of the valve leaflet L, thereby secunng the

feaflet L between the distal portion 1743 and the proxamal portion 1746,

{1221} Although not shown, in some embodiments, the distal anchor 1740 can melude a
locking mechanism configured to lock, bias, or otherwise maintaim the distal anchor 1740 in
its expanded deploved configuration. Further, in some embodiments, the distal portion 1745
and the proxumal portion 1746 can be foomed of shape memory or superelastic matenal such

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

{1222] In another embodiment of a distal anchor, the circumterential windings of the knot
i the koot distal anchor 240 descnibed above are replaced by a single flexible tube, as shown
in FIGS. 45A-45C. FIG. 45A illustrates the distal anchor 1840 in an clongated delivery
configuration, and FIGS. 45B and 45C ilustrate the distal anchor 1840 m a deploved
configaration, 1 side view and perspective view, respectively.  In this cmbodiment, the
flexible tube 1840 has a distal portion 1845, and a proximal portion 1856, and a medial
partion 1846 disposed therebetween, Each portion is separated by a hinge section, 1.¢., a first
hinge section 1897 15 disposed between the distal portion 1845 and the medial portion 1846,
and a second hinge scction 189% s disposed between the medial portion 1846 and the

proximal portion 1856, The suture 1847 includes a stopper 1890 at its distal end, and extends
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therefrom through a first apertire APL, a sccond aperture AP2 and a third aperbure AP3, each

of which is defined by the Hlexible tube 1840, as shown i FIGS. 45A-45C.

{1223} Similar to the knot distal anchor 240 described above, the distal anchor 1840 can
be deploved n a similar manver using any of the delivery devices described above with
respect to previous embodiments. The distal anchor 1840 can be debivered m the clongate
configuration and moved to the deployed configuration by pulling the suture strand 1842
proximally to deflect the portions 1845, 1846, 1156 about thewr respective hinge sections
1897, 1898, as shown m FIGS. 458 and 45C. 1o this mamner, the portions 1845, 1846, 1856
are drawn towards each other {or folded onto one ancther) o form the expanded deploved

configuration.

{1224] The distal anchor 1840 can be formed of any sutable maternial, eg, ¢PFTE or a
similar biccompatible polvmer. In an alternative cmbodiment, instead of a single flexible
tube 1844, the anchor 1840 can be formed of separate portions and then coupled together
Further, m an altornative embodiment, instead of three portions (1., distal, proximal,
medial), the anchor 1840 can include any swntable number of portions {e.g., a single portion

or four or more portions}.

{1225] 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. 46A and 43B. FIG. 46A illustrates the distal anchor 1940 in an elongated delivery
gonfiguration, and FIG. 468 ilustrates schematically the distal anchor 19406 in a deploved
configoration.  In this embodiment, the binged tube 1940 has a distal portion 1945, and a
proximal portion 1956, and hinge sections HS to faciuate deplovment, deflection or bending
of the distal portion 1945 and the proximal portion 1936 at desirable sections of the distal
anchor 1940, A distal end portion of an clongated tube 1999 15 fixedly coupled to a distal end
of the distal portion 1945 of the distal anchor 1940, and extends through a lumen defined by
the distal anchor 1940, out a proxamal end of the proximal portion 1945 of the distal anchor
1940, and then coupled to a suture 1942, as shown in FIG. 46A. Similar to the knot distal
anchor 240 described above, the distal anchor 1940 can be deployed in a sinular manner
using any of the delivery devices described above with respect 1o provicus embodiments. For
exanple, the distal anchor 1940 can be delivered m the clongate configuration and moved to
the deploved configuration by pulling the suture strand 1942 proximally, and thercby

similarly moving the elongated tube 1999 proximally with the suture strand 1942, to deflect
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the hinged tube 1940 laterally with respect (o the hinge sections HS to form the deploved or

expanded configuration, as shown in FIG. 468,

{1228} While some of the distal anchors described above as being delivered to a left
ventricle of a heart, piercmg a native miutral valve leaflet from the ventnicular side to the atrial
side, deploying the distal anchor on the atnal side of the leaflet, and anchoring the distal
anchor {0 an apex region of the heart, 1n other mstances, the distal anchors described above
can be delivered and deployed via other suitable methods, ¢.g., transfomorally, transatrially
and/or via an inferior vena cava (IV{). For cxanmple, in some embodiments, oue or more
native valve leaflets can be pierced from the atrial side to the ventricular side, and the distal
anchor can be delivered from the atrial side to the ventncular side and deploved in the
ventricle. In such cmbodiments, in some iastances, the distal anchor can be attached or
otherwise coupled to {e.g.. via a suture} a second distal anchor {¢.g., deployved at a sccond
leaflet). In some mstances, the distal anchor can be anchored to the apical region of the heart
by routing a suture attached to the anchor through the area or void between the leaflets from

the atrial side to the ventricular sude.

{1227 it should be understood that the distal anchors described herein can be delivered
and deploved using any of the delivery devices described herein or any other suitable delivery
device,. While some embodiments described herein have mcluded delivery devices
configured to deploy a bulky knot distal anchor, in other embodiments, those delivery devices
can be configured to deliver and deploy any suntable distal anchor, such as, for example, any

of the distal anchors illustrated in FIGS. 35-468.

{1228} it should be understond that aithough in various embodiments descubed herein the
puncture member was shown and described as defining an internal Jumen through which an
artificial chordae can extend, m other embodiments, any of the delivery devices described
herein can include a puncture merber having a solid shaft along which an artificial chordae
can extend. In such embodiments, for example, a proximal end portion of the artificial

chordac can be coupled to an actaator of the delivery device.

{1229} Although i vanous embodiments described herein, such as, for example, the
embodiments described with reference to full forward deployment sequences, a portion of the
suture 18 thustrated and described as being coupled to the actuator and/or a suture catch,

alternative embodiments, a portion {¢.g., a proxamal end portion} of the suture can be coupled
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{c.g., fixedly coupleds to any suitable portion of the debvery device. For example, in some
crabodiments, a proximal end portion of the suture can be fixedly coupled to the handle of the

delivery dovice.

{12340 fn various embodiments described herein, to allow the distal anchor to shide
relative to the actaator, when the suture is loaded within the dehivery device, there is slack 1n
the suture between the distal anchor and the suture lock within the suture catch {or other
location at which the proximal end portion of the suture is fixedly coupled}. In alternative
crabodiments, 1 addition to or nstead of the slack, any suitable roechanism can be used. For
example, o some embodiments, a spring or the hke can be coupled to the suture and a
portion of the handle of the dehivery device such that the distal anchor can shde as discussed

in further detail herein.

{1231} It should be understood that although in various embodiments described herein the
delivery device mceludes an outer tube and an end effector, in other emboduments, a delivery
device can be constructed similar to and can function similar to any of the delivery devices
described herein, except the delivery device does not include an outer tube and an end
offector.  In such embodiments, for example, 1n some instances, the delivery device can
deliver and deploy a distal anchor in cooperation with a separate device or devices configured
to function sinular 1o or the same as the outer tube and/or end effectors described herein. For
example, it some instances, an mtroducer valve, sheath, catheter or the ke can be used. In
such instances, the puncture member and/or pusher device can be movably disposed within
the mtroducer valve as the puncture member and/or pusher device are used to dehvery and
deploy the distal anchor. In some embodiments, an end effector can be disposed at a distal

end portion of the introducer valve.

{1232] While various embodiments of delivery devices have been desenibed above with
respact to procedures conducted by a human operator {o.g., a surgoon), 1n some embodiments,
the delivery device can be configured to operate jn conjunction with robotics used m, for
gxample, robotic assisted surgery.  Sumilarly stated, a robotic assisted procedure can be

performed using the delivery devices deseribed above.

{1233] While various embodiments have been deseribed above with respect to a trans-
apical approach and via a left agium of a heart, 1 some ombodiments, an anchor-tether

apparatus can be delivered transfemorally {e.g., using a catheter). In some mstances, for
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example, native mitral valve leaflets can be pierced from an atnial side to a ventricolar side of
the leaflets, and the free ends of the sufures can be secured together {c.g., an edge-to-edge
repair). o other instances, as another example, affer percing a native maxtral valve leaflet
from the atrial side (o the ventricular side of the leaflet, the free end of the suture can extend
bevond the fice edge of the feaflet towards the ventricle and be secured to the ventricular wall
or through the apex of the heart and secured outside of the heart, as described with respect to
previous ernbodiments. As a further example, in some instances, the anchor-tether apparatus
can be delivered transfomorally, and the delivery device can pieree the native mutral valve
leaflet from the ventricular side to the atnal side, and the sutures can be secured together or

routed mio the ventricle and secured to the ventricle wall.

{1234] While varicus embodiments have been described above, it should be vaderstood
that they have been presented by way of example only, and not Hmitation. Where methods
described above indicate cerfain ovents occurring in ceriain order, the ordering of certam
cvents may be modified. Additionally, certain of the events may be performed concurrently

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

{1235] Where scheomatics and/or embodiments descabed above mdicate cortam
componenis arranged i certain oricntations or positions, the arrangement of components may
be modified. While the embodiments have been particularly shown and described, i will be
understood that varous changes i form and details may be made. Any portion of the
apparatus and/or methods described herein mav be combined tn any combination, except
mutually exclusive combinations. The embodiments deseribed heremn can melude various
combinations and/or sub-combinations of the functions, components and/or features of the

different embodiments described.
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Claims

il. An apparatus for performing cardiac valve repairs, comprising:

a handle;

an actuator operably coupled to the handle;

a pusher device defining a lumen;

a puncture member coupled to the actuator and at least partially disposed within the
lumen of the pusher device; and

an artificial chordae and a distal anchor, the distal anchor disposed at a distal end
portion of the artificial chordae, the distal anchor disposed in a delivery configuration,

the artificial chordae having a proximal end portion coupled to the handle and
extending through a lumen of the puncture member,

the actuator configured to be actuated such that (1) the puncture member is moved
distally a preset distance, and (2) the pusher device is moved distally such that the distal
anchor is (a) moved distal to the distal end of the puncture member, and (b) moved from the

delivery configuration to a deployed configuration.

2. The apparatus of claim 1, wherein:

the actuator is configured to be actuated such that the pusher device is moved distally
beyond the distal end of the puncture member, the proximal end portion of the artificial
chordae being fixedly coupled to at least one of the actuator or the handle as the pusher
device is moved distally beyond the distal end of the puncture member.

8 The apparatus of claim 1, further comprising:
an outer tube coupled to the handle,
the pusher device being movably disposed within a lumen of the outer tube,
the distal anchor being disposed in the delivery configuration within a distal end

portion of the lumen of the outer tube.
4. The apparatus of claim 3, further comprising:

an end effector disposed at a distal end portion of the outer tube, the end effector

having a diameter greater than a diameter of the distal end portion of the outer tube.
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5 The apparatus of claim 1, wherein:
in the delivery configuration, the distal anchor has a first diameter,
in the deployed configuration, the distal anchor has a second diameter greater than the

first diameter.

6. The apparatus of claim 1, wherein:
in the delivery configuration, the distal anchor has a first width,
in the deployed configuration, the distal anchor has a second width greater than the

first width.

7. The apparatus of claim 1, wherein:

the distal end portion of the artificial chordae defines the distal anchor, the distal
anchor being disposed in an elongated coiled configuration when in the delivery
configuration,

the actuator being configured such that when the actuator is actuated at the second
time period, the proximal end portion of the artificial chordae is pulled proximally and the
distal anchor is moved from the elongated coiled configuration to the deployed configuration,
the distal anchor being disposed in a coiled knot configuration when in the deployed

configuration.

8. The apparatus of claim 7, wherein the actuator is a plunger, the plunger being

movably coupled to the handle, the puncture member being releasably coupled to the plunger.
9. The apparatus of claim 1, wherein the preset distance is 0.2 inches to 0.3 inches.

10.  The apparatus of claim 1, wherein the preset distance is a first preset distance, the
actuator is configured to be actuated such that the pusher device is moved distally a second

preset distance and beyond the distal end of the puncture member, the first preset distance

being 0.2 inches to 0.3 inches, the second preset distance being 0.6 inches to 0.7 inches.
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11.  The apparatus of claim 1, further comprising:
a lock configured to prevent actuation of the actuator when the lock is engaged, the

lock configured to allow actuation of the actuator when the lock is disengaged.

12.  An apparatus for performing cardiac valve repairs, comprising:

a handle;

an actuator operably coupled to the handle;

a pusher device defining a lumen;

a puncture member coupled to the actuator and at least partially disposed within the
lumen of the pusher device; and

an artificial chordae and a distal anchor, the distal anchor disposed at a distal end
portion of the artificial chordae and disposed in a delivery configuration,

the artificial chordaec having a proximal end portion coupled to the handle and
extending through a lumen defined by the puncture member,

the actuator configured to be actuated at a first time period such that (1) the puncture
member is moved distally a preset distance, and (2) the pusher device is moved distally such
that at least a portion of the distal anchor is moved distally relative to the puncture member
and disposed distal to the distal end of the puncture member,

the actuator configured to be actuated at a second time period after the first time
period such the distal anchor is moved from the delivery configuration to a deployed

configuration.

13.  The apparatus of claim 12, further comprising:

an outer tube coupled to the handle, the pusher device being movably disposed within
a lumen of the outer tube, the distal anchor disposed in the delivery configuration within a
distal end portion of the lumen of the outer tube; and

an end effector disposed at the distal end portion of the outer tube, the end effector

having a diameter greater than a diameter of the distal end portion of the outer tube.
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14.  The apparatus of claim 12, wherein:
in the delivery configuration, the distal anchor has a first diameter,
in the deployed configuration, the distal anchor has a second diameter greater than the

first diameter.

15.  The apparatus of claim 12, wherein:
in the delivery configuration, the distal anchor has a first width,
in the deployed configuration, the distal anchor has a second width greater than the

first width.

16.  The apparatus of claim 12, wherein the artificial chordae is a suture.

17.  The apparatus of claim 12, wherein:

the distal end portion of the artificial chordae defines the distal anchor, the distal
anchor being disposed in an elongated coiled configuration when in the delivery
configuration,

the actuator being configured such that when the actuator is actuated at the second
time period, the proximal end portion of the artificial chordae is pulled proximally and the
distal anchor is moved from the elongated coiled configuration to the deployed configuration,
the distal anchor being disposed in a coiled knot configuration when in the deployed

configuration.

18.  The apparatus of claim 17, wherein the actuator is a plunger, the plunger being

movably coupled to the handle, the puncture member being coupled to the plunger.
19.  The apparatus of claim 12, wherein the preset distance is 0.2 inches to 0.3 inches.
20.  The apparatus of claim 12, further comprising:

a lock configured to prevent actuation of the actuator when the lock is engaged, the

lock configured to allow actuation of the actuator when the lock is disengaged.
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21.  The apparatus of claim 12, further comprising:

an outer tube coupled to the handle,

the actuator being configured such that when the actuator is actuated at the first time
period, both the pusher device and the puncture member are moved proximally through a

lumen of the outer tube.
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