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(57) Abrégé/Abstract:

A cord that has been previously affixed around an annulus can be fastened using a sliding member that locks into a housing.
Before those two parts are locked together, the cord is free to slide through a channel in the sliding member, and a shear pin
prevents the sliding member from moving. After those two parts are locked together, portions of the cord are squeezed between
the upper surface of the sliding member and one wall of the housing, and other portions of the cord are squeezed between the
lower surface of the sliding member and another wall of the housing, so that the cord can no longer slide. After locking, a sliding
cutting element can be actuated to cut off portions of the cord that are proximal with respect to the two locked parts.
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(57) Abstract: A cord that has been previously affixed around an annulus can be fastened using a sliding member that locks into a
housing. Before those two parts are locked together, the cord is free to slide through a channel in the sliding member, and a shear pin
prevents the sliding member from moving. After those two patts are locked together, portions of the cord are squeezed between the
upper surface of the sliding member and one wall of the housing, and other portions of the cord are squeezed between the lower surface
of the sliding member and another wall of the housing, so that the cord can no longer slide. After locking, a sliding cutting element can
be actuated to cut off portions of the cord that are proximal with respect to the two locked parts.
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FASTENER FOR HOLBING A CONSTRICTING CORD IN A
REDUCED-DIAMETER STATE AROUND A CARDIAC VALVE
ANNULUS, AND INSTALLATION OF THE FASTENER

CROSS REFERENCE TO RELATED APPLICATIONS
0001} This Application claims the benefit of US Provisional Application 62/613,084

filed January 3, 2018, which is incorporated herein by reference in its entirety.

BACKGROUND
{6002] US patent 9,517,130 and applications WO 2013/088327 and WO

2014/195786, each of which 1s incorporated herein by reference, describe a variety of
approaches for affixing a constricting cord to a cardiac valve annulus or another anatomic
annuius, and constricting a diameter of that cord. In particular, patent 9,517,130 explains that
after constricting the cord, two segments of the cord are fastened together (e.g., using a knot,
fastener, or adhesive) to prevent the annulus from expanding again. The cord may then be cut
at a point that is proximal with respect to the fastening point. But the prior art approaches for
fastening and cutting the cord were sub-optimal for a number of reasons. For example, the
prior art approaches for tying a koot adjacent to the annulus were time-consuming and labor-
intensive; the prior art crimp-based fasteners had to be relatively large in order to exert
enough torce on the cord to prevent slippage reliably; and the prior art approaches for cutting

the cord were labor-intensive.

SUMMARY OF THE INVENTION

10003] One aspect of the invention is directed to a first apparatus for fastening a cord
that has been affixed around an annulus. The first apparatus comprises a housing having an
upper wall and a lower wall, with a channel disposed between the upper wall and the lower
wall, the channel having a distal end. The first apparatus alsc comprises a sliding member
situated at an initial position with respect to the housing with a portion of the sliding member
disposed within the channel, and the shiding merber has an upper surface and a lower
surface. The sliding member has an opening that runs between the upper surface and the
fower surface, the opening having a distal end. At least a portion of the opening (a) extends
distally beyond the distal end of the channel and (b) 1s shaped and dimensioned to slidably
accommodate the cord. The first apparatus also comprises a first shear pin arranged to hold

the sliding member at the initial position until the first shear pin is sheared by a force that
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exceeds a first threshold. The sliding member and the housing are configured so that (a)
subsequent to shearing of the first shear pin, the shiding member will be free to shide ina
proximal direction with respect to the housing until the sliding member reaches a final
position and (b) upon reaching the final position, the sliding member will be immobilized at
the tinal position. The sliding member and the housing are further configured so that when
the cord is threaded through the opening in the sliding member prior to shearing of the first
shear pin and the sliding member is subsequently moved to the final position, the distal end
of the opening will enter the channel and push a first part of the cord to a position at which
the first part of the cord will be squeezed between the upper surface of the sliding member
and the upper wall of the housing, and also push a second part of the cord to a position at
which the second part of the cord will be squeezed between the lower surface of the sliding

member and the lower wall of the housing.

0004} In some embodiments of the first apparatus, the sliding member and the
housing are shaped and dimensioned so that the squeezing of the first and second parts of the
cord will be sufficient to hold the cord in place when a portion of the cord that remains

outside the housing is pulled by a 7 N force.

{6005] In some embodiments of the first apparatus, the housing has first and second
inner sidewalls that detine a width of the channel; the sliding member has a T-shaped distal
end disposed distally beyond the opening; the T-shaped distal end has a width that 15 larger
than the width of the channel; and the sliding member has a plurality of spring arms, each of
the spring arms having a distal end. Each of the spring arms is configured (a) so that while
the sliding member is situated at the initial position, the distal end of each of the spring arms
is disposed within the channel, and (b) so that when the sliding member is moved to the final
position, the distal end of each of the spring arms will exit the channel and automatically
move to a position at which a width between outermost portions of the plurality of spring

arms exceeds the width of the channel.

{6006] in some embodiments of the first apparatus, the shiding member has at {east
one protrusion disposed distally beyond the opening; the at least one protrusion is shaped and
positioned to block the sliding member from moving proximally beyond the final position;
the sliding member has at least one spring arm having a distal end; the at least one spring arm
is configured (a) so that while the sliding member is situated at the initial position, the distal

end of the at least one spring arm is disposed within the channel and held in a compressed
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state by the channel, and (b} so that when the sliding member is moved to the final position,
the distal and of the at least one spring arm will exit the channel and automatically move to
an expanded state; and when the sliding member has been moved to the final position and the
at least one spring arm is in the expanded state, the at least one spring arm blocks the sliding

member from moving distally with respect to the final position.

[8007] In some embodiments of the first apparatus, the first shear pio has a first end

that is welded to the housing and a second end that is welded to the sliding member.

{6008] Some embodiments of the first apparatus further comprise a second member
arranged so that a pulling force in a proximal direction can be applied to the second member
while the sliding member is held at a fixed position; and a second shear pin arranged to (3)
maintain a connection between the second member and the shiding member as long as the
pulling force remains below a second threshold and (b} shear when the pulling force exceeds
the second threshold, wherein the second threshold 1s at least double the first threshold. In
these embodiments, the second member and the sliding member are configured so that
shearing of the second shear pin will disconnect the second member from the sliding
mermber. Optionally, in these embodiments, the first threshold may be between S and 10 N,

and the second threshold may be between 20 and 80 N,

{6009] In some embodiments of the first apparatus, the upper wall of the housing, the
fower wall of the housing, the upper surface of the sliding member, and the lower surface of

the sliding member are all paraliel.

{0016} In some embodiments of the first apparatus, the sliding member and the
housing are further configured so that {a) when the sliding member is situated at the initial
position, the entire opening is distally beyond the distal end of the channel and (b} after the
sliding member has been moved to the final position, the entire opening will be disposed
within the channel. In some of these embodiments, the lower wall of the housing extends
distally beyond the distal end of the channel, and the lower wall of the housing has an
opening that is (a) aligned with the opening in the sliding member when the sliding member
is situated at the initial position, (b) shaped, and (¢} dimensioned, so that the cord can slide
with respect to both the opening in the lower wall of the housing and the opening in the

sliding member when the sliding member is situated at the initial position.

G
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16011} Another aspect of the invention is directed to a second apparatus for fastening
a cord that has been affixed around an annulus. The second apparatus comprises a housing
having an upper wall and a lower wall, with a channel disposed between the upper wall and
the lower wall, the channel having a distal end. The second apparatus also comprises a sliding
member situated at an 1nitial position with respect to the housing with a portion of the sliding
member disposed within the channel, the sliding member having an upper surface and a
fower surface. The sliding member has an opening that runs between the upper surface and
the lower surface, the opening having a distal end. At least a portion of the opening with an
area of at least 0.4 mm? extends distally beyond the distal end of the channel The second
apparatus also comprises a first shear pin arranged to hold the stiding member at the initial
position until the first shear pin is sheared by a force that exceeds a first threshold. The
sliding member and the housing are configured so that (a) subsequent to shearing of the first
shear pin, the sliding member will be free to slide in a proximal direction with respect to the
housing until the shiding member reaches a final position and (b) upon reaching the final
position, the sliding member will be immobilized at the final position. The sliding member
and the housing are shaped and dimensioned so that after the shding member has been moved
to the final position, the distal end of the opening in the sliding member will be at least 0.1
mm away, in a proxiroal direction, from the distal end of the channel. The upper wall of the
housing and the lower wall of the housing are spaced apart by a first distance, the upper
surface of the sliding member and the lower surface of the sliding member are spaced apart
by a second distance, and the first distance exceeds the second distance by between 40 and

140 pm.

10012] In some embodiments of the second apparatus, the upper wall of the housing,
the lower wall of the housing, the upper surface of the sliding member, and the lower surface
of the sliding member are all parallel; the sliding member and the housing are further
configured so that (a) when the sliding member 1s situated at the initial position, the entire
opening is distally beyond the distal end of the channel and (b} after the sliding member has
been moved to the final position, the entire opening will be disposed within the channel; the
fower wall of the housing extends distally bevond the distal end of the channel; the lower
wall of the housing has an opening with an area of at least 0.4 mm? that is aligned with the
opening in the sliding member when the sliding member is sttuated at the initial position; and
the first distance exceeds the second distance by between 80 and 120 pm. In some of these

embodiments, the sliding member and the housing are configured so that after the sliding
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member has been moved to the final position, the distal end of the opening in the sliding
member will be at least 0.3 mm away, in a proximal direction, from the distal end of the

channel.

{0013} Optionally, the embodiments described in the previous paragraph may further
comprise a second member arranged so that a pulling force 1n a proximal direction can be
applied to the second member while the sliding member 15 held at a fixed position; and a
second shear pin arranged 1o (3) maintain a connection between the second member and the
sliding merober as long as the pulling force remains below a second threshold and (b) shear
when the pulling force exceeds the second threshold. The second threshold 1s at least double
the first threshold. In these embodiments, the second member and the shiding member are
configured so that shearing of the second shear pin will disconnect the second member from

the sliding member.

{0014] Optionally, in the embodiments described in the previous paragraph, the
housing has first and second inner sidewalls that define a width of the channel; the shiding
member has a T-shaped distal end disposed distally beyond the opening; the T-shaped distal
end has a width that is larger than the width of the channel; and the shiding member has a
plurality of spring arms, each of the spring arms having a distal end. Each of the spring arms
is contigured (a) so that while the sliding member s situated at the initial position, the distal
end of each of the spring arms is disposed within the channel, and (b) so that when the sliding
member s moved to the final position, the distal end of each of the spring arms will exit the
channel and automatically move 1o a position at which a width between outermost portions of

the plurality of spring arms exceeds the width of the channel.

{6015] Another aspect of the invention 1s directed to a third apparatus for fastening a
cord that has been affixed around an annulus, the cord having a nominal diameter B. The
third apparatus comprises a housing having an upper wall and a lower wall, with a channel
disposed between the upper wall and the lower wall, the channel having a distal end. The
third apparatus also comprises a sliding member situated at an initial position with respect to
the housing with a portion of the shiding member disposed within the channel, the shiding
member having an upper surface and a lower surface. The sliding member has an opening
that runs between the upper surface and the lower surface, the opening having a distal end,
and at ieast a portion of the opening with an area of at least 10xXD* extends distally beyond

the distal end of the channel. The third apparatus also comprises a first shear pin arranged to

(¥, )
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hold the sliding member at the initial position until the first shear pin is sheared by a force
that exceeds a first threshold. The sliding member and the housing are configured so that {a})
subsequent to shearing of the first shear pin, the shiding member will be free to shide in a
proximal direction with respect to the housing until the sliding member reaches a final
position and (b) upon reaching the final position, the sliding member will be immobilized at
the final position. The sliding member and the housing are shaped and dimensioned so that
after the sliding member has been rooved to the final position, the distal end of the opening in
the sliding member will be at least 0.5#D away, in a proximal direction, from the distal end
of the channel. The upper wall of the housing and the lower wall of the housing are spaced
apart by a first distance, the upper surface of the sliding member and the lower surface of the
sliding member are spaced apart by a second distance, and the first distance exceeds the

second distance by between 0.25xD and 0.9xD,

{0016} In some embodiments of the third apparatus, the upper wall of the housing, the
lower wall of the housing, the upper surface of the sliding member, and the lower surface of
the sliding member are all parallel; the shiding member and the housing are further configured
so that {a) when the sliding member is situated at the initial position, the entire opening is
distally beyond the distal end of the channel and (b) atter the sliding moember has been moved
to the final position, the entire opening will be disposed within the channel; the lower wall of
the housing extends distally beyond the distal end of the channel; the lower wall of the
housing has an opening with an area of at least 0.4 mm?® that is aligned with the opening in
the sliding member when the sliding member is situated at the initial position; and the first

distance exceeds the second distance by between 0.3+ and 0.5<D,

{6017} Inn some of the embodiments described in the previous paragraph, the sliding
member and the housing are contigured so that after the sliding member has been moved to
the final position, the distal end of the opening in the sliding member will be at least 2D
away, in a proximal direction, from the distal end of the channel. Some of the embodiments
described in the previous paragraph further comprise a second member arranged so thata
pulling force in a proximal direction can be applied to the second member while the sliding
member is held at a fixed position; and a second shear pin arranged to (a) maintain a
connection between the second member and the sliding member as long as the pulling force
remains below a second threshold and (b) shear when the pulling force exceeds the second

threshold. The second threshold is at least double the first threshold. In these embodiments,
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the second member and the sliding member are configured so that shearing of the second
shear pin will disconnect the second member from the sliding member. Optionally, in these
embodiments, the housing has first and second inner sidewalls that define a width of the
channel; the sliding member has a T-shaped distal end disposed distally beyond the opening;
the T-shaped distal end has a width that 1s larger than the width of the channel; and the
sliding member has a plurality of spring arms, each of the spring arms having a distal end.
Each of the spring arms 1s configured (a) so that while the sliding member is situated at the
initial position, the distal end of each of the spring arms is disposed within the channel, and
{(b) so that when the sliding member 15 moved to the final position, the distal end of each of
the spring arms will exit the channel and automatically move to a position at which a width

between outermost portions of the plurality of spring arms exceeds the width of the channel.

{6018} Another aspect of the invention 1s directed to a fourth apparatus for reducing a
diameter of a cord that has been previously affixed to an annulus. The fourth apparatus
comprises a housing having a distal portion and a distal end. The fourth apparatus also
comprises a shelt positioned in the distal portion of the housing that extends in a distal-to-
proximal direction, the shelf having an upper surface, a lower surface, and a shelf opening
that runs between the upper and lower surfaces of the shelf. The fourth apparatus also
comprises a cutting element positioned above the shelf and arranged so that the cutting
element can shide in the distal-to-proximal direction with respect to the shelf, the cutting
element having a flat body with an upper surface, a lower surface, and an opening that passes
between the upper and lower surfaces of the cutting element, the opening of the cutting
element having (a) a proximal portion that is dimensioned so that two segments of the cord
can slide freely through the proxamal portion and (b) a slit shaped distal portion with sharp
edges, wherein the slit shaped distal portion is oriented in the distal-to-proximal direction.
The fourth apparatus also comprises a fastener positioned at the distal end of the housing, the
fastener having an opening. The fastever 1s movable from a first state in which the cord 1s
free to slide through the opening in the fastener to a second state in which the cord is locked

in place.

10019] In some embodiments of the fourth apparatus, the fastener, the shelf, and the
cutting element are configured such that the cord can be threaded through the opening in the
fastener when the fastener is in the first state so that that after the fastener 1s moved to the

second state, the cord will be arranged in a pre-cutting position in which the cord passes

-3
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above a portion of the cutting element that is distally beyond the opening of the cutting
element, and then passes through the opening of the cutting element and through the opening
in the shelf. In these embodiments, the cutting element is configured such that when the cord
is arranged in the pre-cutting position, movement of the cutting element in the proximal
direction will cause the slit shaped distal portion of the opening of the cutting element to
move in a proximal direction until the slit shaped distal portion reaches the cord and cuts the

cord.

{6026} Some embodiments of the fourth apparatus further comprise a shaft that runs
in the distal-to-proximal direction. The shaft is affixed to the cutting element so that pulling

the shaft in a proximal direction will pull the cutting element in a proximal direction.

{0021] In some embodiments of the fourth apparatus, the upper surface of the shelf
fines up with the upper surface of the fastener so that the upper surface of the fastener extends
a sliding platform provided by the shelf In some of these embodiments, the cutting element
is configured to slide over both the shelf and a portion of the upper surface of the fastener. In
some of these embodiments, the distal end of the shelf has a first aligning feature (e.g., a
notch), and the proximal end of the fastener has a second aligning feature {e.g., a protrusion)

that matches the first aligning feature.

{6022] In some embodiments of the fourth apparatus, the opening of the cutting
element tapers down smoothly 1o a distal direction from the proximal portion of the opening
of the cutting element towards the shit shaped distal portion of the opening of the cutting

element.

{0023] In some embodiments of the fourth apparatus, the slit shaped distal portion is
formed by laser cutting the body of the cutting element to form a first slit having a width of
20-30 um, and subsequently swaging the edges of the first slit towards each other to reduce

the width of the first shit.

{6024} Another aspect of the invention is directed to a fifth apparatus. The fifth
apparatus is a cutting blade that comprises a flat body having an upper surface, a lower
surface, and an opening that passes between the upper surface and the lower surface. The
opening has a proximal portion that 1s dimensioned to allow two segments of a constricting
cord to slide freely through the proximal portion, and a slit shaped distal portion that is

sufficiently sharp and narrow to cut the constricting cord when the slit shaped distal portion
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encounters the constricting cord and is pulled in a proximal direction against the constricting
cord. The slit runs in a proximal-to-distal direction, and the opening tapers down smoothly in

a distal direction from the proximal portion towards the slit shaped distal portion.

{0025] In some embodiments of the fifth apparatus, the slit shaped distal portion is
formed by laser cutting the body to form a first slit having a width of 20-30 pm, and
subsequently swaging the edges of the tirst siit towards each other to reduce the width of the

first slit.
BRIEF DESCRIPTION OF THE DRAWINGS
{06026} FIG. 1A depicts a fastener for fastening portions of a constricting cord

together. The fastener includes a housing and a sliding member.

10027} FIG. 1B depicts a side view of the housing as viewed from a point that is

distally bevond the distal end of the housing.

0028] FIG. 2 depicts the sliding member and the housing at a particular alignment
point.
[0029] FIG. 3A and 3B, depict top and bottom views, respectively, of the fastener at

the same alignment point with a wire threaded through a pair of holes.

{0030] FiG. 4A and 4B, depict top and bottom views, respectively, of the fastener

after the wire has been welded to the housing and to the shding member.

{6031} FIG. 5 depicts a second member with a second wire welded thereto,
{0032} FIG. 6 depicts the second wire threaded through a hole in the sliding member,
{6033} FIG. 7A and 7B depicts upper and lower views, respectively, of the fastener

after it has been connected to the second member.

{6034} FIG. 7C depicts plan and section views of the fastener after it has been

connected to the second member.

{0035] FIG. 8 depicts a subassembly that includes the fastener loaded into the distal

end of a tool and threaded onto a constricting cord.

G
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{¢036] Fi(3. 9 depicts the same tool after it has been advanced until the subassembly

arrives at the distal loop portion of the constricting cord.

{6037] FIG. 10 depicts the same tool after it has been used to reduce the diameter of

the distal loop portion of the constricting cord.

{0038} FIG. 11 is a detal of FIG. 10.
{6039] FIG. 12 depicts the fastener in its imitial state.
{0040} FIG. 13 depicts the fastener after shearing of the first shear pin and after the

sliding member has begun to slide in a proximal direction with respect to the housing.

{0041} FIG. 14 depicts the same fastener after further sliding in the proximal
direction.
10042] FIG. 15 depicts the same fastener after shearing of the second shear pin and

after the shiding member has begun to slide further in a proximal direction with respect to the

housing.

{0043} FIG. 16 depicts the same fastener after further sliding in the proximal
direction.

[0044] FIG. 17A depicis the path of the constricting cord through the opening in the

sliding member when the sliding member is at the initial position.

18045] FIG. 178 is similar to FIG. 17A but shows additional features of the path of

the constricting cord.
{0046] FIG. 17C depicts a side section detail of FIG. 17A.

10047} FIG. 18A depicts the path of the constricting cord through the openings in the
housing and the sliding member after the sliding member has been moved to the final

POsition.

{0048] FIG. 18B is similar to FIG. 18A, but shows additional features of the path of

the constricting cord.

[0049] FIG. 18C is a detailed view of FIG. 18B.

10
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{G050] FIG. 18D depicts a side section detail of FI(G. 18A.
{0051 ] Fi(3. 19 depicts the fastener and cord 1n the same state as in FIG. 18A-D, plus

also shows additional components disposed at the distal end of the tool.

{6052] FIG. 20 1s a cutaway view of the tool that reveals additional details of the

interrelationship between the cutting blade and the proximal portions of the cord.

{6053} FIG. 21 depicts the same components shown tn FIG. 20 after the second

member has pulled away in a proximal direction from the sliding member.

18054] FI(G. 22 depicts the next step in the sequence, just before the proximal portions

of the cord are cut.

{0055] FIG. 23 depicts the next step in the sequence, after the blade has moved ina

proximal direction and cut the proximal portions of the cord.

{6056] Fi(3. 24A and 24B depict withdrawal of the tool in a proximal direction.
{6057} FIG 25 depicts the components that are left behind in a patient’s body after

withdrawal of the tool.

{0058] FiG. 20A and FI(G. 26B depict upper and lower views, respectively of the

cutting blade.

{6059} FIG. 27A and FIG. 278 depict detatled views of the lower face of the cutling

blade before and after swaging of that component, respectively.

1806¢] VYarious embaodiments are described in detail below with reference to the

accompanying drawings, wherein like reference numerals represent like elements.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

{0061] As explained in US patent 9,517,130, which 1s incorporated herein by
reference, an implant that includes the distal loop portion of a constricting cord can be affixed
to an annulus of a cardiac valve or another anatomic annulus. After a sufficiently strong bond
is achieved between the implant and the annulus, constricting the cord will reduce the
diameter of the annulus. Some preferred embodiments of the implant rely on tissue ingrowth

to strengthen the bond between the implant and the annulus. In these embodiments, the
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constricting step is not performed immediately after the implant has been implanted. Instead

a significant waiting period {e.g , 1-3 months) elapses between the implantation step and the
period, tissue ingrowth of the adjacent soft tissue into the implant strengthens the bond
between the implant and the annulus. Once the tissue ingrowth process has strengthened the
bond sufficiently (i.e, to the point where it will withstand constricting with a sufticient level
of confidence), the constricting cord 18 constricted 50 as to reduce the diameter of the
annulus. In other embodiments, the attachment mechanism of the implant may be sufficiently
strong to withstand constricting immediately after the implant has been implanted, in which

case the constricting cord may be constricted immediately after the implant is implanted.

16062} Two proximal portions (or segments) of the constricting cord run from outside
the patient’s body to the implanted distal loop portion of the constricting cord. As explained
in US patent 9,517,130, constriction of the constricting cord may be implemented by sliding a
push-tube down over the proximal portions of the constricting cord until the distal end of the
push-tube arrives at the distal loop portion of the counstricting cord (i.¢., the loop-shaped
portion which has been affixed to the annulus). Because the proximal portions of the
constricting cord extend through the patient’s vasculature between the constricting implant
and an exit point, those proximal portions can serve as a guide wire over which the push-tube
can be guided to its destination. When the push-~tube arrives at the distal loop portion of the
constricting cord and is pushed in a distal direction, pulling the proximal portions of the
constricting cord in a proximal direction will constrict the annulus, thereby reducing the
circumference of the annulus. The distal ends of the proximal portions of the constricting
cord are then fastened together to prevent the annulus from expanding again. The proximal
portions of the constricting cord can then be clipped at a pont that is proximal to the place

where they are fastened together.

{0063] The remainder of this application describes a variety of approaches tor

fastening the distal ends of the proximal portions of the constricting cord together.

{0064] FIG. 1A depicts the two primary components of a fastener 100/200 that may
be used to fasten the distal ends of the proximal portions of the constricting cord together.
More specifically, the two primary components of the fastener are the housing 100 and the
sliding member 200, FIG. 1B depicts a side view of the housing 100 as viewed from a point

that is distally beyond the distal end of the housing 100. The housing has an upper wall 102
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and a lower wall 104 with a channel 110 disposed between the upper wall 102 and the lower
wall 104. The channel 110 has a distal end 112. In the illustrated embodiment, the upper wall
102 and the lower wall 104 are both flat and are parallel to each other; and the housing also
has sidewalls 106 that run between the upper wall 102 and the lower wall 104 to form a rigid
structure. In the illustrated embodiment, the sidewalls 106 are also flat and parallel to each
other. And in the iilustrated embodiment, an extension portion 104X of the lower wall 104
extends distally beyond the distal end of the channel 112, This extension portion 104X has an
opening 120. In some preferred embodiments, the area of this opening 120 15 at least 0.4
mm? In alternative embodiments, the area of this opening 120 is between 0.3 and 1.0 mm?2
Suitable materials for forming the housing 100 include cobalt chromium alloys (inchuding but
not limited to MP35N, L60S, Elgiloy, etc.), surgical stainless steel (including but not limited
to 305 ss, 316 ss, etc.}, and other biocompatible metals. In some preferred embodiments, the
housing 100 is dimensioned so that the channel 110 1s 1.5 mm long (in a proximal-to-distal
direction) 1.8 mm wide, and 0.64 mm tall; and so that the extension portion 104X extends 1.5

mm distally beyond the distal end of the channel 112

{0065} The sliding member 200 has an upper surface 202 and a lower surface 204
{shown in FIG. 3B) and the sliding member 200 has an opening 220 that runs between the
upper surface 202 and the lower surface 204, In some preferred embodiments, the area of this
opening 220 1s at teast 0.4 mm? In alternative embodiments, the area of this opening 220 is
between 0.3 and 1.0 mm?® The opening 220 has a distal end. Preferably, the edges of the
channel 110 of the housing and the opening 220 of the sliding member are not sharp, to
reduce the chance of damaging the cord. Suitable materials for forming the shding member
200 include any of the materials listed above in connection with the housing 100. In some
preferred embodiments, the sliding member 200 is 4.6 mm long (in a proximal-to-distal
direction), 0.53 mm high, and 1.8 mm wide; and the distal end of the sliding member 200
{which preveunts the sliding member 200 from entering the channel 110 in the housing) 13 2.3
mm wide. Of course, if any of the dimensions of the housing 100 deviates from the
dimensions specified above, corresponding modifications to the dimensions of the sliding
member 200 should be made to maintain the interactions between those two components

described herein.
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13066} FIGS. 2-7 depict one preferred approach for assembling a subassembly that
retains the sliding member 200 at an initial position with respect to the housing 100 prior to

deployment of the fastener.

{0067} As seen in FIG. 1A, the lower wall 104 of the housing 100 has a through hole
108, and the sliding member has a through hole 208. In some preferred embodiments, the
diarneter of these through holes is between 0.1 mm and 0.4 mm, and 10 some preferred
embodiments, the diameter of these through holes is about 0.15 mm. The sliding member 200
and the housing 100 are configured with respect to each other so that before the subassembly
is assembled, the sliding member 200 is free to slide in a proximal direction with respect to
the housing 100 until the through hole 108 of the housing lines up with the through hole 208
of the sliding member as depicted in FIG. 2. At this point, a wire 308 is threaded through the
through holes 108, 208 as seen in FIG. 3A and 3B, which are top and bottom views,
respectively. Suitable materials for this wire 308 include any of the materials listed above in

connection with the housing 100, and suitable diameters for this wire 308 range from 0.075 to

{00638] Note that when the housing 100 and the sliding member 200 are lined up at
this position, the opening 120 of the housing will line up with the opening 220 of the sliding

member, as seen in FIGS. 3A and 3B.

{6069} The upper end of the wire 308 is then welded to the upper surface 202 of the
sliding member 200 at weld point 309 {as seen in FIG. 4A); and the Jower end of the wire 308
is welded to the bottom of the housing 100 at weld point 309 (as seen in FIG. 4B). Welding
the upper and fower ends of the wire 308 to the upper surface 202 of the sliding member 200
and the bottom of the housing 100, respectively, forms a first shear pin 310 (shown in FIG.
7C) that holds the sliding member 200 at a fixed position with respect to the housing 100
(referred to herein as the “initial position”} until the first shear pin 310 is sheared by a force
that exceeds a first threshold. In some embodiments, the first threshold is between S and 10
N. Note that while welding is the preferred approach for forming the first shear pin 310,
alternative approaches that will be apparent to persons skilled in the relevant arts may also be
used to form the shear pin 310 that holds the sliding member 200 at a fixed position with

respect to the housing 100.
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{¢070] A second member 420 1s then positioned adjacent to the proximal end of the
sliding member 200 and a second shear pin 320 (shown in FIG. 7C) is affixed between the
second member 420 and the sliding member 200. One approach for forming this second shear
pin 320 is depicted in FIGS. 5-7. In FIG. 5, the lower end of a second wire 318 is welded to
the second member 420 at weld point 319. Subsequently, the upper end of the second wire
318 is threaded through the hole 218 (shown in FIG. 1) in the sliding member 200, as
depicted in FIG. 6. The upper end of the second wire is then welded on to the sliding member
200 at weld point 319, as depicted in FIG. 7A. FIG. 7B is a bottom view of the subassembly
at this point, and FIG. 7C depicts plan and cross section views of the subassembly at this
point, Suitable materials for both the second member 420 and the second wire 318 include
any of the materials listed above in connection with the housing 100, and suitable diameters
for the second wire 318 range from 0.1 to 0.4 mm. In some preferred embodiments (e.g.,
those in which the first wire 308 has a diameter of 0.13 mm), the second wire 318 has a
diarneter of 0.28 mm. As will be appreciated by persons skilled in the relevant arts, any
variations to the dimensions of the first wire 308 should be accompanied by a corresponding
vartation to the dimeunsions of the second wire 318 to ensure that the first shear pin 310 will

always shear before the second shear pin 320

18071} The second shear pin 320 maintains the connection between the second
member 420 and the sliding member 200 as long as the pulling force on the second shear pin
320 in a proximal direction remains below a second threshold (while the sliding member 200
is held at a fixed position). In addition, the second shear pin 320 is configured to shear when
the pulling force exceeds the second threshold. Shearing of the second shear pin will
disconnect the second member 420 from the sliding member 200. In some preferred
embodiments, the second threshold is at least double the first threshold. In some
embodiments, the second threshold is between 20 and 80 N. Shaft 422 (shown in FIG. 5 and
6} 1s affixed to the second member 420 and is used to apply a pulling force to the second
member 420 in a proximal direction. Suitable materials for the shaft 422 include any of the

materials listed above in connection with the housing 100

10072] The two shear pins 310, 320 described above are best seen in the cross section
view of FIG. 7C. More specifically, the first shear pin 310 holds the shiding member 200 at its
fixed tritial position with respect to the housing 100 until the first shear pin 310 is sheared (as

described below in connection with FIGS. 12-14); and the second shear pin 320 connects the
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sliding member 200 to the second member 420 until the second shear pin 320 1s sheared by a
force that exceeds a second threshold (as described below in connection with FIGS. 14-16).
Note that while welding is the preferred approach for forming the second shear pin 320,
alternative approaches that will be apparent to persons skilled in the relevant arts may also be
used to form the shear pin 320 that holds the sliding member 200 at a fixed position with
respect to the second member 420, Notably, when the configuration depicted in FIGS. 7A-C
is used, the shatt 422 can be used to hold the entire subassembly 100-422 in position with

respect to the tool 400 described below in connection with FIGS. 8-10.

{6073} In some alternative embodiuments (not shown) instead of affixing the shaft 422
to the second member 420 and connecting the second member 420 to the sliding member 200
using a shear pin 320 (as described above in connection with FIG. 7A-C), the pulling shaft
422 may be connected directly to the proximal end of the sliding member 200 {e.g, by
welding}. In these embodiments, a weakened region is preferably designed into the distal and
of the pulling shaft 422, so that when the pulling force exerted on the pulling shaft 422
exceeds a threshold, the pulling shaft 422 will break at the weakened region. One way to
create this weakened region is to use the heat effect to modify the properties of the metal
pulling shaft 422. Optionally, a single step of welding may be used to simultaneously attach
the shaft 422 to the sliding member 200 and introduce the heat effect into the distal portion of

the shaft 422,

[0074] FIG. 8-21 show how the subassembly 100-422 {depicted in FIG. 7A-C) can be
used to coustrict the diameter of an annulus. Turning first to FIG. §, the subassembly 100-422
is loaded into the distal end of a tool 400. As explained above, the proximal portions 520 of
the constricting cord 500 run through the patient’s vasculature between the distal loop portion
510 of the constricting cord 500 and an exit point, so that those proximal portions can serve
as a guide wire over which a push-~tube can be guided to its destination. The body of the tool
400 serves as this push tube. The portions of the constricting cord 500 beyond the exit point
are threaded (e.g., using a pre-installed guiding thread, not shown) through the openings 120,
220 of the subassembly 100-422 so that those portions of the cord follow the path depicted in
FIG. 8. The tool 400 15 then advanced in a distal direction until the subassembly 100-422
arrives in the vicinity of the annulus, as depicted in FIG. 8. Optionally, the shaft of the tool
400 can include a steerable section implemented, e g, using any of a variety of steerable

catheter mechanisms that are well known to persons skilled in the relevant arts,
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{6075] The tool 400 is then advanced further in a distal direction until the
subassembly 100-422 arrives at the distal loop portion 510 of the constricting cord that has

been previously atfixed to the annulus, as depicted in FIG. 9.

{0076} After the subassembly 100-422 reaches this posttion, the distal loop portion
510 of the constricting cord is constricted by pulling the proximal ends of the constricting
cord 520 while the tool 400 holds the subassembly 100-422 1u place. This constriction is
depicted in FIG. 10, (which shows how the diameter of the distal loop portion 510 of the
constricting cord is reduced when the proximal portions 520 of the constricting cord are
pulled 10 a proximal direction through the tool 400} and FIG. 11 (which is a detail of FIG.
10). And because the distal loop portion 510 of the constricting cord is affixed to the annulus,

the diameter of the annulus will also be reduced.

{6077} During constriction of the cord 500, there will be significant tension on the
cord. This tension will pull the regions of the distal loop portion 510 of the cord on either side
of the opening 120 in the housing 100 and the opening 220 in the sliding member 200 apart
from each other (limited by the confines of the openings 120 and 220). As a result, if the
proximal portions 520 happen to be twisted adjacent to the interface with the distal loop
portion 510 when the subassembly 100-422 reaches the annulus, the tension will cause the
twists to move in a proximal direction along the proximal portions 520 of the cord until the
twists move proximally beyond the region that will ultimately be clipped together (as
described below in connection with FIGS. 17-18). This is advantageous because it improves

the repeatability and reliability of the clip fastening procedure.

{¢0738] Note that while the proximal ends of the constricting cord 520 are being pulled
in a proximal direction, it 1s important for the tool 400 to hold the subassembly 100-422 in
place. This may be accomplished, for example, by applying a force in a distal direction on the
body of the tool 400 so that the distal end 410 of the tool will transmit that force onto the
housing 100 portion of the subassembly 100-422, so that the subassembly 100-422 will
rematin in place while the proximal ends of the constricting cord 520 are being pulled (as best

seenin FIG. 11),

{6079] After the diameter of the annulus has been consiricted as described above,

tension is maintained on the proximal ends of the constricting cord 520, and a force in a distal

[y
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direction is applied to the housing 100 by the tool 400 until deployment of the fastener

100/200 {(described below 1n connection with FIGS. 12-21) is complete.

{6080] FIG. 12 depicts the fastener 100/200 in its initial state, which is the same
initial state depicted in FIG. 7C. In this initial state, both of the shear pins 310, 320 are intact.
While the housing 100 is held in place by the tool 400, a pulling force in a proximal direction
is applied to the shaft 422 e.g., using any appropriate mechanism (not shown} disposed at the
proximal end of the tool 400. The shaft 422 transmits this pulling force to the second member
420. Because the second shear pin 320 1s still intact at this point in the sequence, the pulling

force that is being applied to the shaft 422 will be transmitted to the sliding member 200

10081] As tong as the pulling force that is being applied to the shatt 422 remains
below the threshold force for shearing the first shear pin 310, the first shear pin 310 will hold
the sliding member 200 at the initial position with respect to the housing 100. But once the
pulling force exceeds the threshold for shearing the first shear pin 310, that shear pin 310 will
shear, and the sliding member will begiv to slide in a proximal direction with respect to the

housing 100, as depicted in FIG. 13

{0082} The pulling force is maintained on the shaft 422, The shear pin 320 continues
to transruit that force onto the sliding member 200. Because the shear pin 310 has already
been sheared, the sliding member 200 will continue to slide in a proximal direction with
respect to the housing until the sliding member 200 reaches the position depicted in FIG. 14
with respect to the housing 100. This position of the sliding member 200 is referred to herein
as the “final position.” The sliding member 200 cannot continue proximally beyond the final
position because the distal end 240 of the sliding member 200 is too large to fit into the
channel 110 in the housing. More specifically, as seen in FIG. 1A, the width of the channel
110 is defined by the first and second inner sidewalls 106. And in the dlustrated embodiment,
the sliding member 200 has a T-shaped distal end 240 with a width that is larger than the

width of the channel 110,

{0083] In the dlustrated embodiment, the sliding member 200 also has a pair of spring
arms 230 that, prior to this point in the sequence, were compressed together by the sidewalls
106 of the housing 100, with the distal end of each of the spring arms 230 disposed within the
channel 110, But once the sliding member 200 arrives at the final position depicted in FIG.

14, the spring arms 230 will exit the proximal end of the channel 110 and automatically

18



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

spring outward unti} the spring arms 230 reached their relaxed state. In their relaxed state, the
distance between the outermost portions of the two spring arms 230 will exceed the width of
the channel 110 (shown in FIG. 1A and 1B), which prevents the sliding member 200 from

sliding back in a distal direction with respect to the housing 100.

10084] Because the sliding member 200 cannot continue proximally beyond the final
position (due to the distal end 240 of the shiding member 200} and cannot slide back in a
distal direction {due to the operation of the spring arms 230}, once the sliding member 200
reaches its final position, the sliding member 200 will be imruobilized at that position. In
alternative embodiments, different approaches that will be apparent to persons skilled in the
relevant arts may be used to immobilize the sliding member 200 when it reaches the final
position. For example, instead of having a T-shaped distal end, a single protrusion may be
disposed at the distal end of the sliding member 200 that is shaped and positioned to block
the sliding member 200 from moving proximally beyond the final posttion. Similarly, instead
of relying on a pair of spring arms 230 to prevent the sliding member 200 from moving
backwards in a distal direction from the final position, a single spring arm may be used to

achieve the same result.

{6085] As long as the pulling force on the shaft 422 remains below the second
threshold (i e. the threshold required to shear the second shear pin 320), the second shear pin
320 will prevent the second member 420 from further movement in the proximal direction.
But the second member 420 is not part of the fastener that will remain behind, and must be
disconnected and removed. This ts accomplished by increasing the pulling force on the shaft
422 to increase the corresponding pulling force exerted by the second member 420 on the
second shear pin 320. When the pulling force exceeds the second threshold, the second shear
pin 320 will shear, and the second member 420 will begin to move in a proximal direction, as
depicted in FIG. 1S, Continued application of pulling force on the shaft 422 will move the
second member 420 further away from the sliding member 200 (which is now locked to the
housing 100 at the final position), as seen in FIG. 16, Advantageously, the design described
above using two shear pins 310, 320 with distinct shear thresholds provides excellent
consistency and repeatability so that a repeatable level of force will shear each of those shear

pins, and so that the first shear pin 310 will always shear before the second shear pin 320

{¢086] Note that after the second shear pin 320 has sheared and the second member

420 has pulled away from the sliding member 200, the cord 500 (which is preferably held

19



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

taut during this portion of the procedure e.g., by pulling the proximal ends of the proximal
portions S20 of the cord 500 in a proximal direction) retains the fastener 100/200 in the distal
end of the tool 400 untl the cord 500 is either cut by the cutting blade 450 (as described

below in connection with FIGS. 22-23) or released.

{6087} Having explained the interaction between the sliding member 200 and the
housing 100 in connection with FIG. 12-16, we return to the explanation of how the shiding
member 200 and the housing 100 interact with the constricting cord 500 to fasten that cord in

its constricted state.

{0088] The last time the constricting cord 500 was mentioned in this application was
in connection with FIGS. 10-11, at which point the proximal portions 520 of the counstricting
cord were threaded through the openings 120, 220 of the subassembly 100-422, and the distal
foop portion 510 of the constricting cord was subsequently constricted by pulling the
proximal ends of the constricting cord 520 while the tool 400 held the subassembly 100-422

in place.

{0089] FIG. 17-18 explain how moving the shiding member 200 from its initial
position to its final position (following the sequence described above in connection with FIG.
12-16} causes the fastener 100/200 to lock the constricting cord in place after the distal loop
portion 510 of the constricting cord is constricted. In this sequence of figures, the body of the

tool 400 15 omitted for clanty.

{6090} FIG. 17A depicts the path of the constricting cord 510, 520 through the
opening 220 in the sliding member 200 when the sliding member 200 is at the initial position
{which corresponds to the position depicted in FIG. 12 in the sequence described above).
FIG. 178 1s sumilar to FIG. 17A, except that the portion of the constricting cord that passes
beneath the housing 100 and sliding member 200 1s shown in dashed lines. FIG. 17C depicts
a side section detail that shows how the cord 510, 520 passes through the operung 120 in the
housing 100 and through the opening 220 in the sliding member 200 when the sliding
member 200 is at 1ts initial position. At this point in the sequence, the first and second shear
pins 310, 320 are still intact. In addition, the diameter of the distal loop portion 510 of the
constricting cord can still be adjusted by progressively pulling the proximal portions of the
constricting cord 520 in a proximal direction while the fastener 100/200 is held in place by

the tool 400,
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16091} FIG. 18A depicts the path of the constricting cord 510, 520 through the
opening 120 in the housing 100 and the opening 220 1n the sliding member 200 after the
sliding member 200 has been moved to the final position {which corresponds to the position
depicted in FIG. 16 in the sequence described above). FIG. 18B is similar to FIG. 18A
except that the path of the constricting cord that passes through both of those openings 13
shown in dashed lines. FIG. 18C is a detailed view of FIG. 18B, and FiG. 18D depicts a side
section detail that shows how the cord 510, 520 passes through the opening 120 in the
housing 100 and through the opening 220 in the sliding member 200 when the sliding

member 200 is at its final position.

10092] At this point in the sequence (as best seen in FIG. 18C and 18D), the distal end
of the opening 220 in the sliding member 200 has entered the channel (which i3 bounded by
the upper wall 102 and the lower wall 104 of the housing 100} and has pushed a first part 522
of the cord to a position at which the first part 522 of the cord is squeezed between the upper
surface 202 of the sliding member 200 and the upper wall 102 of the housing 100, and has
also pushed a second part 524 of the cord to a position at which the second part 524 of the
cord is squeezed between the lower surface 204 of the sliding member 200 and the lower wall
104 of the housing 100. In some preferred embodiments, the shiding member 200 and the
housing are shaped and dimensioned so that the squeezing of the first and second parts 522,
524 of the cord will be sufficient to hold the cord in place when a portion of the cord that

rematns outside the housing is pulled by a 7 N force.

{¢093] Assume, for example, that the nominal diameter of the cord 50015 6.15 mum;
that the distal end of the opening 220 in the sliding member 15 0.3 mm away, in a proximal
direction, from the distal end of the channel; that the gap between the upper wall 102 of the
housing 100 and the upper surface 202 of the sliding mermber 200 15 50 pm; and that the gap
between the lower wall 104 of the housing 100 and the lower surface 204 of the shding
member 200 is also 50 um. When these dimensions are used, the first part 522 of the cord is
squeezed between the upper surface 202 of the sliding member 200 and the upper wall 102 of
the housing 100 down from its original nominal diameter of 0.15 mm to 50 pm. Similarly, the
second part 524 of the cord 1s squeezed between the lower surface 204 of the sliding member
200 and the lower wall 104 of the housing 100 down from its original nominal diameter of

0.15 mm to SO um. In this situation, the squeezing force that is applied to those two parts
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fastener 100/200.

{6094] Note that in this example, the first distance between the upper wall of the
housing and the lower wall of the housing will exceed the second distance between the upper
surface of the sliding member and the lower surface of the sliding member by 100 ym
{because a 50 um gap appears both above and below the sliding member). But in alternative
embodiments, the first distance will exceed the second distance by between 40 and 140 um,
or between 80 and 120 wm. Note also that in this example, the distal end of the opening 22
in the sliding member 15 0.3 mm away, in a proximal direction, from the distal end of the
channel. But in alternative embodiments, the distal end of the opening 220 in the sliding

member is at least 0.1 mm away, in a proximal direction, from the distal end of the channel.

{0095] When the nominal diameter of the cord is larger or smaller than 0.15 mm, the
various dimensions should be scaled up or down accordingly. For example, it the cord has a
nominal diameter of D, the area of the opening 220 in the sliding member 200 should be at
feast 10 times D% the distal end of the opening 220 in the sliding member 200 should be at
least one halt D away, in a proxamal direction, from the distal end 112 of the channel; and the
first distance should exceed the second distance by between 0 25 times D and 0.9 times D, or

between 0.3 times D and one half D,

{6096} FIG. 19 depicts the fastener 100/200 and cord 510, 520 in the same state as in
Fi(. 18 A-D, and also shows additional components disposed at the distal end of the tool 400
that were omitted trom FIG. 18A-D for clarity. More specifically, FIG 19 depicts the distal
end 410 of the tool 400, and a cutting blade 450 (also referred to herein as a cutting element)
that is used to cut the proximal portions of the cord 520 after the fastener 100/200 has

fastened the cord into its reduced-diameter state.

{6097} FIG. 20 is a cutaway view of the tool 400 that reveals additional details of the
interrelationship between the cutting blade 450 and the proximal portions of the cord 520.
More specifically, the cutting blade 450 has a flat body with an upper surface, a lower
surface, and an opening 454 that passes between the upper surface and the lower surface. The
proximal portions of the cord 520 pass above the distal end of the cutting blade 450, through

the opening 454, and continue in a proximal direction beneath the proximal end of the cutting
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blade 450. A shaft 460 is affixed to the cutting blade 450 so that pulling the shatt 460 in a

proximal direction will pull the cutting blade 450 in a proximal direction.

{6098} FIG 21 depicts the same components shown in FIG. 20 at a point in time that
corresponds to FIG. 16 (i.e, after the second member 420 has pulled away 0 a proximal

direction from the sliding member 200).

18099] FIGS. 22 and 23 depict the next steps in the sequence, during which the
proximal portions of the cord 520 are cut. A cutting blade 450 is shidably positioned on a
shelf 470 so that the cutting blade 450 can shide 1n a distal to proximal direction with respect
to the shelf 470. The shelf 470 has an upper surface and a lower surface and a shelf opening
or orifice 475 that runs between the upper surface and the lower surface of the shelf 470,
Cutting is accomplished by first ensuring that the proximal portions of the cord 520 are taut
{e.g., by pulling the proximal ends of the proximal portions 520 in a proximal direction while
pushing the body 400 in a distal direction) and subsequently pulling the proximal end of the
shaft 460 in a proxamal direction so that the shatt 460 will pull the cutting blade 450 in a
proximal direction. The interaction between the various components involved in cutting is

described in greater detall immediately below.

{80196} FIG. 22 depicts the position of the relevant components just prior to cutting of
the proximal portions 520 of the cord. At this point in time, the opening 454 in the cutting
blade coincides with or is aligoned with the shelf orifice 475, and the proximal portions 520 of
the cord are threaded through the various components as follows: Immediately after exiting
the distal end of the housing 100, the cord makes a U-turn and passes over a saddle 480 with
a smooth concave lower surface. The cord then passes above a portion of the cutting blade
450 that s distally beyond the opening 454 in the cutting blade, and then passes through the
opening 454 in the cutting blade and through the orifice 475 in the shelf 470, The cord then
passes beneath the shelf 470 proximally beyond the orifice 475, and continues in a proximal
direction out through the tool 400. Tu some preferred embodiments, the saddle 480 and any
other features in the tool 400 and fastener 100/200 that either contact or might potentially
contact the cord 500 are radiused to reduce the chance of damaging the cord 500 before the
cord is cut. When the proximal portions of the cord 520 are pulled taut, the interaction of
those components with the proximal portions of the cord 520 will hold the proximal portions
of the cord 520 at a fixed position with respect to these components 480, 450, and 470. At

this stage in the process, the force of the taut cord 520 holds the fastener 100/200 in place at
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the distal end of the tool 400 (because shear pins 310 and 320 have been sheared and no

fonger perform that function).

{00101} Note that before the cord is clipped by the fastener 100/200 (as described
above in connection with FIGS. 17-18), the proximal portions 520 of the cord are threaded
through the opening 220 of the sliding member 200 and flow over the saddle 408 (as best
seen in FIGS. 8 and 11), through the opening 454 in the cutting blade 450, and through the
shelf orifice 475 while the cutting blade remains in its distal position (as best seen in FIG.
22). The geometry of the saddle 480 and shelf orifice 475 1s configured to suspend the cord
520 above the blade’s slit shaped distal portion 456 so that the cord 500 does not snag against
that slit shaped distal portion 456 of the cutting blade 450 as the cord 500 passes through the
opening 454 in the cutting blade 450 during movement of the tool 400 to its distalmost
position (as seen in FIGS. 8-9) and during constriction of the cord 500 (as seen in FIGS. 10-

1),

{00102] Returning to FIG. 22, the proximal portions 520 of the cord are then cut by
pulling the shaft 460 in a proximal direction, which pulis the cutting blade 450 in a proximal
direction. This causes the slit shaped distal portion 456 (shown in FIGS. 23 and 26A) of the
opening 454 to be pulled in a proximal direction until it reaches the proximal portions of the
cord 520. Because the edges of the slit shaped distal portion 456 are sharp, further movement
of the cutting blade 450 in a proximal direction will cause the slit shaped distal portion 456 to
cut those portions of the cord 520, Continued pulling on the shaft 460 will cause the cutting
blade 450 to move further tn a proximal direction, until it reaches the position depicted 1n
FIG. 23. The cutting operation will leave behind two stubs 526 of cord. In some preferred
embodiments and as best seen in FIG. 23, the upper surface of the shelf 470 lines up with the
upper surface of the housing 100 so that the upper surtace of the housing 100 extends the
sliding platform provided by the shelf 470. In these embodiments, the cutting blade 450 can
slide over both the shelf 470 and a portion of the upper surface of the housing 100.
Optionally, an aligning feature (e.g., the illustrated notch) may be included at the distal end of
the shelf 470, and a corresponding aligning feature {e.g., one or more protrusions) may be
provided at the proximal end of the housing 100 to improve the alignment between the shelf

470 and the housing 100.

{60103} FIGS, 26A and 26B depict upper and lower detatled views, respectively, of the

cutting blade 450. In the illustrated embodiment, the opening 454 in the cutting blade 450 has
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a proximal portion that is dimensioned to be sufficiently wide and long to allow both
segments of the constricting cord 520 to slide freely through the proximal portion, and a slit
shaped distal portion 456 that is sufficiently sharp and narrow to cut the constricting cord 520
when the slit shaped distal portion 456 encounters the constricting cord 520 and s pulled in a
proximal direction against the counstricting cord. The slit runs (i.e., is oriented) in a proximal-
to-distal direction, and the opening 454 tapers down smoothly in a distal direction from the
proximal portion towards the slit shaped distal portion 456, In some embodiments, the body
of the cutting blade 450 is made from 304 stainless steel. In alternative embodiments, the
body of the cutting blade 450 may be made from any of the materials listed above in
connection with the housing 100. In some preferred embodiments, the cutting blade 450 1s
7.6 mm long {in a proximal-to-distal direction}, 1.9 mm wide, and 0.13 mm thick; and the
proximal portion of the opentng 454 in the cutting blade 450 15 1.0 mm wide and at least 1.5

mm long.

{00104] FIGS. 27A and 27B depict views of the cutting blade 450 at two different
points in time during one example of a process for manufacturing the cutting blade 450. In
this example, a preliminary slit 456p (e.g., with a width of 20-30 um} is laser cut into the
body of the cutting blade 450, as depicted 1n FIG. 27A. Subsequently, the edges of that
preliminary slit are swaged towards each other. One way to perform this swaging is to press a
fixture with two sharp tips (e.g., fabricated from tools steel} against the surface of the cutting
blade 450 on either side of the preliminary slit in a direction that is normal to the surface until
the edges of the preliminary slit touch each other. When this approach is used, indentations
458 are formed on the surface 452 of the cutting blade 450, and the width of the slit 456 will
converge down to zero between the indentations 458 as seen in FIG. 278, thereby forming a
Y-notch cutting feature with a sharp cutting edge. When this sharp cutting edge is dragged
across the cord 500, it will cut the cord 500. A variety of alternative approaches for forming

the slit shaped distal portion 456 may also be used.

{00105] After the cord 500 has been cut {as described above in connection with FIG.
23}, the tool 400 can be withdrawn in a proximal direction, as depicted in FIG. 24A and 24B.
After the tool 400 has been completely withdrawn, all that will remain in the patient’s body is
the distal loop portion of the counstricting cord 510, the fastener 100/200 (which is holding the
distal loop portion of the cord 510 securely in a reduced-diameter state), and two small stubs

of the coustricting cord 526, as seen in FI1(. 25. Note that because the fastener 100/200 is
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holding the distal loop portion of the cord 510 in a reduced-diameter state and that cord was
previously atfixed to the annulus, the annulus will also be held securely in a reduced-

diameter state.

{00106} While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations, and changes to the described
embodiments are possible without departing trom the sphere and scope of the present
invention, as defined in the appended claims. Accordingly, it is intended that the present
invention not be himited to the described embodiments, but that it has the full scope detined

by the language of the following claims, and equivalents thereof.
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WHAT IS CLAIMED IS

An apparatus for fastening a cord that has been affixed around an annulus, the

apparatus comprising:

a housing having an upper wall and a lower wall, with a channel disposed between the upper

wall and the lower wall, the channel having a distal end;

a sliding member situated at an initial position with respect to the housing with a portion of

the sliding member disposed within the channel, the sliding member having an upper
surface and a lower surface, wherein the sliding member has an opening that runs

between the upper surface and the lower surface, the opening having a distal end, and
wherein at least a portion of the opening {(a) extends distally beyond the distal end of

the chanunel and (b) is shaped and dimensioned to slidably accommodate the cord; and

a first shear pin arranged to hold the sliding member at the initial position until the first shear

pin is sheared by a force that exceeds a first threshold,

wherein the sliding member and the housing are configured so that (a) subsequent to shearing

of the first shear pin, the sliding member will be free to slide in a proxamal direction
with respect to the housing until the sliding member reaches a final position and (b)
upon reaching the final position, the sliding member will be iramobilized at the final

position, and

wherein the sliding member and the housing are further configured so that when the cord is

[

threaded through the opening in the sliding member prior to shearing of the first shear
pin and the sliding member is subsequently moved to the final position, the distal end
of the opening will enter the channel and push a first part of the cord to a position at
which the first part of the cord will be squeezed between the upper surface of the
sliding member and the upper wall of the housing, and also push a second part of the
cord to a position at which the second part of the cord will be squeezed between the

lower surface of the sliding roember and the lower wall of the housing.

The apparatus of claim 1, wherein the sliding member and the housing are shaped and
dimensioned so that the squeezing of the first and second parts of the cord will be
sufficient to hold the cord in place when a portion of the cord that remains outside the

housing is pulled by a 7 N force.

Y
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The apparatus of claim 1,

wherein the housing has first and second inner sidewalls that define a width of the channel,

wherein the sliding member has a T-shaped distal end disposed distally beyond the opening,

wherein the T-shaped distal end has a width that is larger than the width of the channel, and

wherein the sliding moember has a plurality of spring arms, each of the spring arms haviog a

4.

distal end, wherein each of the spring arms is configured (a) so that while the sliding
member is situated at the initial position, the distal end of each of the spring arms is
disposed within the channel, and (b) so that when the sliding member is moved to the
final position, the distal end of each of the spring arms will exit the channel and
automatically move to a position at which a width between outermost portions of the

plurality of spring arms exceeds the width of the channel.

The apparatus of claim 1,

wherein the sliding muember has at least one protrusion disposed distally beyond the opening,

wherein the at least one protrusion is shaped and positioned to block the sliding

member from moving proximally beyond the final position,

wherein the sliding member has at least one spring arm having a distal end, wherein the at

least one spring arm 18 configured (a) so that while the shiding member is situated at
the initial position, the distal end of the at least one spring arm is disposed within the
channel and held in a compressed state by the channel, and (b) so that when the
sliding member 1s moved to the final position, the distal and of the at least one spring

arm will exit the channel and automatically move to an expanded state, and

wherein when the sliding member has been moved to the final position and the at least one

L

6.

spring arm is in the expanded state, the at least one spring arm blocks the shiding

member from moving distally with respect to the final position.

The apparatus of claim 1, wherein the first shear pin has a first end that is welded to

the housing and a second end that is welded to the sliding member.

The apparatus of claim 1, further comprising:

a second member arranged so that a pulling force in a proximal direction can be applied to

the second member while the sliding member is held at a fixed position; and

a second shear pin arranged to (a) maintain a connection between the second member and the

sliding member as long as the pulling force remains below a second threshold and (b)
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shear when the pulling force exceeds the second threshold, wherein the second
threshold is at least double the first threshold,
wherein the second member and the sliding member are configured so that shearing of the

second shear pin will disconnect the second member from the sliding member.

7. The apparatus of claim 6, wherein the first threshold is between 5 and 10 N, and

wherein the second threshold is between 20 and 80 N,

8. The apparatus of claim 1, wherein the upper wall of the housing, the lower wall of the
housing, the upper surface of the sliding member, and the lower surface of the sliding

member are all parallel.

9. The apparatus of claim 1, wherein the sliding member and the housing are further
configured so that (a) when the sliding member 15 situated at the initial position, the
entire opening is distally beyond the distal end of the channel and (b} after the sliding
member has been moved to the final position, the entire opening will be disposed

within the channel.

10.  The apparatus of claim 9,

wherein the lower wall of the housing extends distally beyond the distal end of the channel,
and

wherein the lower wall of the housing has an opening that is (a) aligned with the opening in
the sliding member when the sliding member ts situated at the initial position, {(b)
shaped, and (¢} dimensioned, so that the cord can slide with respect to both the
opening in the lower wall of the housing and the opening in the sliding roember when

the sliding member is situated at the initial position.

11, Anapparatus for fastening a cord that has been affixed arcund an annuius, the
apparatus comprising:

a housing having an upper wall and a lower wall, with a channel disposed between the upper
wall and the lower wall, the channel having a distal end;

a sliding member sttuated at an inttial position with respect to the housing with a portion of
the sliding member disposed within the channel, the sliding member having an upper

surface and a lower surface, wherein the sliding member has an opening that runs
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between the upper surface and the lower surface, the opening having a distal end, and
wherein at least a portion of the opening with an area of at least 0.4 mm? extends
distally beyound the distal end of the channel; and

a first shear pin arranged to hold the sliding member at the initial position until the first shear
pin is sheared by a force that exceeds a first threshold,

wherein the sliding member and the housing are configured so that (a) subsequent to shearing
of the first shear pin, the sliding member will be free to slide in a proxamal direction
with respect to the housing until the sliding member reaches a final position and (b)
upon reaching the tinal position, the sliding member will be immobilized at the final
posttion, wherein the sliding member and the housing are shaped and dimensioned so
that after the shiding member has been moved to the final position, the distal end of
the opening in the sliding member will be at least 0.1 mm away, in a proximal
direction, from the distal end of the channel, and

wherein the upper wall of the housing and the lower wall of the housing are spaced apart by a
tirst distance, wherein the upper surface of the sliding member and the lower surface
of the sliding member are spaced apart by a second distance, and wherein the first

distance exceeds the second distance by between 40 and 140 um.

12. The apparatus of claim 11, wherein the upper wall of the housing, the lower wall of
the housing, the upper surface of the sliding member, and the lower surface of the
sliding member are all parallel,

wherein the sliding member and the housing are further contigured so that (a) when the
sliding member 1s sttuated at the initial position, the entire opening s distally beyond
the distal end of the channel and (b} after the sliding member has been moved to the
tinal position, the entire opening will be disposed within the channel,

wherein the lower wall of the housing extends distally beyond the distal end of the channel,

wherein the lower wall of the housing bas an opening with an area of at least 0.4 mmw? that is
aligned with the opening in the sliding member when the sliding member is situated at
the initial position, and

wherein the first distance exceeds the second distance by between 80 and 120 um.

13, The apparatus of claim 12, wherein the sliding member and the housing are

configured so that after the sliding member has been moved to the final position, the
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distal end of the opening in the sliding member will be at least 0.3 mm away, in a

proximal direction, from the distal end of the channel.

14. The apparatus of claim 12, further comprising:

a second member arranged so that a pulling force 1n a proxiral direction can be applied to
the second member while the sliding member is held at a fixed position; and

a second shear pin arranged to (a) maintain a connection between the second member and the
sliding member as long as the pulling force remains below a second threshold and (b)
shear when the pulling force exceeds the second threshold, wherein the second
threshold s at least double the first threshold, and

wherein the second member and the sliding member are configured so that shearing of the

second shear pin will disconnect the second member from the sliding member.

15. The apparatus of claim 14,

wherein the housing has first and second inner sidewalls that define a width of the channel,

wherein the shiding member has a T-shaped distal end disposed distally beyond the openming,

wherein the T-shaped distal end has a width that is larger than the width of the channel, and

wherein the sliding member has a plurality of spring arms, each of the spring arms having a
distal end, wherein each of the spring arms is configured (a) so that while the sliding
member is situated at the initial position, the distal end of each of the spring arms is
disposed within the channel, and (b) so that when the sliding member is moved to the
final position, the distal end of each of the spring arms will exit the channel and
automatically move to a position at which a width between outermost portions of the

plurality of spring arms exceeds the width of the channel.

16.  An apparatus for fastening a cord that has been affixed around an annulus, the cord
having a nominal diameter D, the apparatus comprising:

a housing having an upper wall and a lower wall, with a channel disposed between the upper
wall and the lower wall, the channel having a distal end;

a sliding member situated at an initial position with respect to the housing with a portion of
the sliding member disposed within the channel, the sliding member having an upper
surface and a lower surface, wherein the sliding member has an opening that runs

between the upper surtace and the lower surface, the opening having a distal end, and
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wherein at least a portion of the opening with an area of at least 10xD? extends
distally beyond the distal end of the channel; and

a first shear pin arranged to hold the sliding member at the initial position until the first shear
pin is sheared by a force that exceeds a first threshold,

wherein the sliding member and the housing are configured so that (a) subsequent to shearing
of the first shear pin, the sliding member will be free to slide in a proximal direction
with respect to the housing until the sliding member reaches a final position and (b)
upon reaching the final position, the sliding member will be immobilized at the final
position, wherein the sliding member and the housing are shaped and dimensioned so
that after the sliding member has been moved to the final position, the distal end of
the opening in the sliding member will be at least 0.5xD away, in a proximal
direction, from the distal end of the channel, and

wherein the upper wall of the housing and the lower wall of the housing are spaced apart by a
first distance, wherein the upper surface of the shiding member and the lower surface
of the sliding member are spaced apart by a second distance, and wherein the first

distance exceeds the second distance by between 0.25xD and 0.9xD.

~3

The apparatus of claim 16, wherein the upper wall of the housing, the lower wall of

the housing, the upper surface of the sliding member, and the lower surface of the

sliding member are all parallel,

wherein the sliding member and the housing are further configured so that (a) when the
sliding member 1s situated at the initial position, the entire opening is distally beyond
the distal end of the channel and (b) after the sliding member has been moved to the
tinal position, the entire opening will be disposed within the channel,

wherein the lower wall of the housing extends distally beyond the distal end of the channel,

wherein the lower wall of the housing has an opening with an area of at least 0.4 mm? that is

aligned with the opening in the sliding member when the sliding member 1s situated at

the initial position, and

wherein the first distance exceeds the second distance by between 0.3xD and 0.5xD.

I8. The apparatus of claim 17, wherein the sliding member and the housing are
configured so that after the shiding member has been moved to the final position, the
distal end of the opening in the sliding member will be at least 2xD away, in a

proximal direction, from the distal end of the channel.
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19. The apparatus of claim 17, further comprising:

a second member arranged so that a pulling force in a proximal direction can be applied to
the second member while the sliding member is held at a fixed position; and

a second shear pin arranged to (a) maintain a connection between the second member and the
sliding member as long as the pulling force remains below a second threshold and (b)
shear when the pulling force exceeds the second threshold, wherein the second
threshold is at least double the first threshold,

wherein the second member and the sliding member are configured so that shearing of the

second shear pin will disconnect the second member from the sliding member.

20, The apparatus of claim 19,

wherein the housing has first and second inner sidewalls that define a width of the channel,

wherein the sliding member has a T-shaped distal end disposed distally beyond the opening,

wherein the T-shaped distal end has a width that is larger than the width of the channel, and

wherein the sliding member has a plurality of spring arms, each of the spring arms having a
distal end, wherein each of the spring arms is configured (a) so that while the shiding
member is situated at the initial position, the distal end of each of the spring arms is
disposed within the channel, and (b) so that when the shiding member 153 moved to the
tinal position, the distal end of each of the spring arms will exit the channel and
automatically move to a position at which a width between outermost portions of the

plurality of spring arms exceeds the width of the channel.

21, Anapparatus for reducing a diameter of a cord that has been previcusly affixed to an
annulus, the apparatus comprising:

a housing having a distal portion and a distal end;

a shelf positioned in the distal portion of the housing that extends in a distal-to-proximal
direction, the shelf having an upper surface, a lower surface, and a shelf opening that
runs between the upper and lower surfaces of the shelf;

a cutting element positioned above the shelf and arranged so that the cutting element can

slide in the distal-to-proximal direction with respect to the shelf, the cutting element

having a flat body with an upper surface, a lower surface, and an opening that passes
between the upper and lower surfaces of the cutting element, the opening of the
cutting element having (a) a proxamal portion that 1s dimensioned so that two

segroents of the cord can slide freely through the proximal portion and (b) a slit
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shaped distal portion with sharp edges, wherein the slit shaped distal portion is

oriented in the distal-to-proximal direction; and

a fastener positioned at the distal end of the housing, the fastener having an opening, wherein

the fastener is movable from a first state in which the cord is free to slide through the

opening o the fastener to a second state in which the cord is locked in place.

The apparatus of claim 21, wherein the fastener, the shelf, and the cutting element are
configured such that the cord can be threaded through the opening in the fastener
when the fastener is in the first state so that that after the fastener is moved to the
second state, the cord will be arranged in a pre-cutting position 1o which the cord
passes above a portion of the cutting element that 1s distally bevond the opening of the
cutting element, and then passes through the opening of the cutting element and

through the opening in the shelf, and

wherein the cutting element is configured such that when the cord s arranged 1o the pre-

24.

25.

26.

cutting position, movement of the cutting element in the proximal direction will cause
the slit shaped distal portion of the opening of the cutting element to move in a
proximal direction until the slit shaped distal portion reaches the cord and cuts the

cord.

The apparatus of claim 21, further comprising a shaft that runs in the distal-to-
proximal direction, wherein the shaft is affixed to the cutting element so that pulling

the shatt in a proximal direction will pull the cutting element in a proximal direction.

The apparatus of claim 21, wherein the upper surface of the shelf lines up with the
upper surface of the fastener so that the upper surface of the fastener extends a sliding

platform provided by the shelf.

The apparatus of claim 24, wherein the cutting element is configured to slide over

both the shelf and a portion of the upper surface of the fastener.
The apparatus of claim 25, wherein the distal end of the shelf has a notch, and the

proximal end of the fastener has a protrusion that matches the notch in the distal end

of the shelf
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-~

The apparatus of claim 25, wherein the distal end of the shelf has a first aligning

[\

teature, and the proximal end of the fastener has a second aligning feature that

matches the first aligning feature.

28. The apparatus of claim 21, wherein the opening of the cutting element tapers down
smoothly 1n a distal direction from the proximal portion of the opening of the cutting

element towards the slit shaped distal portion of the opening of the cutting element.

29. The apparatus of claim 21, wherein the slit shaped distal portion is formed by laser
cutting the body of the cutting element to form a first slit having a width of 20-30 um,
and subsequently swaging the edges of the first slit towards each other to reduce the

width of the first shit.

30. A cutting blade comprising:

a flat body having an upper surface, a lower surface, and an opening that passes between the
upper surface and the lower surface,

wherein the opening has a proximal portion that is dimensioned to allow two segments of a
constricting cord to slide freely through the proximal portion, and a slit shaped distal
portion that is sufficiently sharp and narrow to cut the constricting cord when the slit
shaped distal portion encounters the constricting cord and is pulled in a proximal
direction against the constricting cord,

wherein the slit runs in a proximal-to-distal direction, and

wherein the opening tapers down smoothly i a distal direction from the proximal portion

towards the slit shaped distal portion.

(8]
i

The cutting blade of claim 30, wherein the slit shaped distal portion is formed by laser
cutting the body to form a first slit baving a width of 20-30 pm, and subsequently
swaging the edges of the first slit towards each other to reduce the width of the first

shit.



WO 2019/135983 PCT/US2018/067801

100

200

100

200
220

204

308 200




WO 2019/135983 PCT/US2018/067801

200

100

422
420

422

200




CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

3/17

200 100
/420 422

el /£

G A

100
2QQ\ / 420
: LA /

A== NN N N O N O O O ¥

SECTION A-A

FIG.7C

310 320



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

4/17

FIG. 8




CA 03087062 2020-06-25

PCT/US2018/067801

WO 2019/135983

5/17

FIG. 10

510

520

480

400

o
~
<

200

FIG. 11



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

6/17
200 100 420

st /|

=

200 100
420
e (/A
NN
o1 \NAVAVAVAVAVAVANVAVANAVANANANAWAY
SECTION A-A
310 320
FIG. 12

200 100 420

;o

420

ANNN NN N NANNNNNANANNY

—_—

SECTION B-B

320
FIG. 13

200, 240
420

m% =

310h  310s

200 1oo
\\\ i 420
B AN VAN VA VA VA A WA WA VA A N A NV
SECTION C-C
370n 310s 320

FIG. 14



WO 2019/135983 PCT/US2018/067801

200 100

///jZO 422
W:;\&1 o Oy (T | ’/// >
J ~ ) \G

200 320s

@4 -

K/ /| 1

% /

(¢ /)‘I—H/ fﬂ] 2
SECT\ON D-D

310h 3108 320t b3 15

200 100 420

200 100 320s
\ / 320t 420
i | | / /
NN
) / (AN 78 | Ih 2
SECTION E-E

310s FIG. 16

310h



PCT/US2018/067801

WO 2019/135983

8/17

510

FIG. 17A

510

FIG. 17B



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

9/17

200 100

\ X 420

104
\ 310 320

FIG. 17C



WO 2019/135983 PCT/US2018/067801

oa. FIG. 18A

120 ). FIG. 18B



WO 2019/135983 PCT/US2018/067801

420

/" I %‘:’ 510
/ {". i
)

\\ Q, 524

104x
120

FIG. 18C

320s

524 310h

FIG. 18D



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

12/17

ZB; 400

400




CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

13/17




CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

14/17

400

510 \




CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

15/17

FIG. 24A

400

FIG. 24B



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

16/17

510

FIG. 25

460

451
450 460

454
456

FIG. 26A FIG. 26B



CA 03087062 2020-06-25

WO 2019/135983 PCT/US2018/067801

17117

450

ST
- |/

/

FIG. 27A

450 452 454

/ /

/
A\

458

FIG. 27B



120

FIG. 18C



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - CLAIMS
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - REPRESENTATIVE_DRAWING

