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DELIVERING A CONSTRICTING CORD TO 
A CARDIAC VALVE ANNULUS USING 
BALLOON - ASSISTED POSITIONING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This Application claims the benefit of U . S . Provi 
sional Application 62 / 395 , 357 , filed Sep . 15 , 2016 , and U . S . 
Provisional Application 62 / 519 , 529 , filed Jun . 14 , 2017 , 
each of which is incorporated herein by reference in its 
entirety . 

BACKGROUND 
[ 0002 ] A variety of approaches for delivering and install 
ing a cinching cord or an annulus ring to a cardiac valve 
annulus are described in U . S . applications Ser . No . 14 / 364 , 
060 ( published as US 2014 / 0309730 ) and Ser . No . 14 / 895 , 
711 ( published as US 2016 / 0120645 ) , each of which is 
incorporated by reference herein in its entirety . 

SUMMARY OF THE INVENTION 
[ 0003 ] One aspect of the invention is directed to a first 
apparatus for delivering a cinching cord to the vicinity of an 
annulus . The first apparatus comprises an elongated core , at 
least four support arms , and at least four anchor launchers . 
The elongated core has ( a ) a distal end , ( b ) a main channel 
that runs through the core in a proximal - to - distal direction , 
( c ) at least four first channels that run through the core in a 
proximal - to - distal direction , each of the first channels being 
dimensioned to accommodate a respective pull wire , and ( d ) 
at least one second channel that runs through the core in a 
proximal - to - distal direction , dimensioned to accommodate a 
first proximal portion and a second proximal portion of a 
cinching cord . The at least four support arms are mounted to 
the core and extend distally beyond the distal end of the core . 
Each of the anchor launchers has a distal end , and each of 
the anchor launchers is supported by a respective one of the 
support arms . 
10004 ] The support arms are configured to support arms 
hold the distal ends of the anchor launchers at positions that 
correspond to a shape of the annulus , with the distal ends of 
the anchor launchers distributed about a perimeter of the 
shape of the annulus . 
[ 0005 ] Some embodiments of the first apparatus further 
comprise at least four anchors , a cinching cord , and at least 
four pull wires . Each of the anchors is disposed in a 
respective one of the anchor launchers . The cinching cord 
has a distal loop portion , a first proximal portion , and a 
second proximal portion , wherein the first proximal portion 
and the second proximal portion are disposed in the at least 
one second channel , and wherein the anchors are connected 
to the distal loop portion of the cinching cord . Each of the 
pull wires is disposed in a respective one of the first 
channels , wherein each of the pull wires is operatively 
connected to a respective one of the anchor launchers so that 
pulling on a respective pull wire will launch the respective 
anchor . 
10006 ] . Some embodiments of the first apparatus further 
comprise a plurality of support rings and a plurality of 
support rods . The support arms are affixed to the support 
rings and extend in a distal direction from the support rings . 
The support rods are affixed to the support rings , and the 
support rods extend in a proximal direction from the support 

rings . In these embodiments , the core has a plurality of third 
channels that run through the core in a proximal - to - distal 
direction and are dimensioned to accommodate the support 
rods , and the support arms are mounted to the core by 
inserting the support rods into the third channels . Optionally , 
these embodiments further comprise a radio - opaque mate 
rial distributed on the support rods in an asymmetric pattern . 
[ 0007 ] In some embodiments of the first apparatus , the 
main channel is centered about the radial center of the core . 
In some embodiments of the first apparatus , each of the first 
channels and each of the at least one second channel is 
located at the same radial distance from the radial center of 
the core . In some embodiments of the first apparatus , each 
of the first channels comprises a lumen , and each of the at 
least one second channel comprises a lumen . In some 
embodiments of the first apparatus , each of the first channels 
and each of the at least one second channel is located at the 
same radial distance from the radial center of the core , each 
of the first channels comprises a lumen , and each of the at 
least one second channel comprises a lumen . 
10008 ] In some embodiments of the first apparatus , the at 
least four support arms comprises at least eight support 
arms , the at least four first channels comprises at least eight 
first channels , and the at least four anchor launchers com 
prises at least eight anchor launchers . In some embodiments 
of the first apparatus , the annulus is a mitral valve annulus . 
In other embodiments of the first apparatus , the annulus is a 
tricuspid valve annulus . 
[ 0009 ] Some embodiments of the first apparatus further 
comprise an outer sleeve disposed around the core , the outer 
sleeve having a distal end . The outer sleeve is slidable with 
respect to the core between an extended position and a 
retracted position . When the outer sleeve is in the extended 
position , the support arms and the anchor launchers are 
disposed within the outer sleeve . When the outer sleeve is in 
the retracted position , the anchor launchers and at least a 
portion of the support arms extend distally beyond the distal 
end of the outer sleeve . 
[ 0010 ] Some embodiments of the first apparatus further 
comprise a first sleeve disposed around the core , the first 
sleeve having a distal portion , wherein the first sleeve is 
slidable with respect to the core between an extended 
position and a retracted position ; and a removable second 
sleeve slidably disposed around the distal portion of the first 
sleeve . When the second sleeve is in an initial position , the 
support arms and the anchor launchers are disposed within 
the second sleeve , and when the second sleeve is removed 
and the first sleeve is in the retracted position , the anchor 
launchers are free to move to positions that correspond to the 
shape of the annulus . 
[ 0011 ] . Another aspect of the invention is directed to a 
second apparatus for delivering a cinching cord to the 
vicinity of an annulus . The second apparatus comprises an 
elongated core , at least support arms , and at least eight 
anchor launchers . The elongated core has ( a ) a distal end , ( b ) 
a main channel that runs through the core in a proximal - to 
distal direction , ( c ) at least eight first channels that run 
through the core in a proximal - to - distal direction at positions 
that are radially beyond the main channel , each of the first 
channels being dimensioned to accommodate a respective 
pull wire , and ( d ) a plurality of second channels that run 
through the core in a proximal - to - distal direction at positions 
that are radially beyond the main channel , each of the second 
channels being dimensioned to accommodate a respective 
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proximal portion of a cinching cord . The at least eight 
support arms are mounted to the core and extend distally 
beyond the distal end of the core . Each of the anchor 
launchers has a distal end , and each of the anchor launchers 
is supported by a respective one of the support arms . The 
support arms are configured to hold the distal ends of the 
anchor launchers at positions that correspond to a shape of 
the annulus , with the distal ends of the anchor launchers 
distributed about a perimeter of the shape of the annulus . 
[ 0012 ] Some embodiments of the second apparatus further 
comprise at least eight anchors , a cinching cord , and at least 
eight pull wires . Each of the anchors is disposed in a 
respective one of the anchor launchers . The cinching cord 
has a distal loop portion , a first proximal portion , and a 
second proximal portion , wherein the first proximal portion 
and the second proximal portion are disposed in respective 
ones of the second channels , and wherein the at least eight 
anchors are connected to the distal loop portion of the 
cinching cord . Each of the pull wires is disposed in a 
respective one of the first channels , and each of the pull 
wires is operatively connected to a respective one of the 
anchor launchers so that pulling on a respective pull wire 
will launch the respective anchor . 
10013 ] Some embodiments of the second apparatus further 
comprise a plurality of support rings and a plurality of 
support rods . The support arms are affixed to the support 
rings and extend in a distal direction from the support rings . 
The support rods are affixed to the support rings , and the 
support rods extend in a proximal direction from the support 
rings . In these embodiments , the core has a plurality of third 
channels that run through the core in a proximal - to - distal 
direction and are dimensioned to accommodate the support 
rods , and the support arms are mounted to the core by 
inserting the support rods into the third channels . Optionally , 
these embodiments further comprise a radio - opaque mate 
rial distributed on the support rods in an asymmetric pattern . 
[ 0014 ] In some embodiments of the second apparatus , 
each of the first channels is located at the same radial 
distance from the radial center of the core . In some embodi 
ments of the second apparatus , each of the first channels and 
each of the second channels is located at the same radial 
distance from the radial center of the core . In some embodi 
ments of the second apparatus , each of the first channels 
comprises a lumen and each of the second channels com 
prises a lumen . 
[ 0015 ] Some embodiments of the second apparatus further 
comprise a plurality of support rings , a plurality of support 
rods , and a radio opaque material . The support arms are 
affixed to the support rings and extend in a distal direction 
from the support rings . The support rods are affixed to the 
support rings , and the support rods extend in a proximal 
direction from the support rings . The radio - opaque material 
is distributed on the support rods in an asymmetric pattern . 
In these embodiments , the core has a plurality of third 
channels that run through the core in a proximal - to - distal 
direction and are dimensioned to accommodate the support 
rods , and the support arms are mounted to the core by 
inserting the support rods into the third channels . In these 
embodiments , each of the first channels and each of the 
second channels is located at the same radial distance from 
the radial center of the core , each of the first channels 
comprises a lumen , and each of the second channels com 
prises a lumen . 

[ 0016 ] Some embodiments of the second apparatus further 
comprise an outer sleeve disposed around the core , the outer 
sleeve having a distal end . The outer sleeve is slidable with 
respect to the core between an extended position and a 
retracted position . When the outer sleeve is in the extended 
position , the support arms and the anchor launchers are 
disposed within the outer sleeve . When the outer sleeve is in 
the retracted position , the anchor launchers and at least a 
portion of the support arms extend distally beyond the distal 
end of the outer sleeve . 
[ 0017 ] Some embodiments of the second apparatus further 
comprise a first sleeve disposed around the core , the first 
sleeve having a distal portion , wherein the first sleeve is 
slidable with respect to the core between an extended 
position and a retracted position ; and a removable second 
sleeve slidably disposed around the distal portion of the first 
sleeve . When the second sleeve is in an initial position , the 
support arms and the anchor launchers are disposed within 
the second sleeve , and when the second sleeve is removed 
and the first sleeve is in the retracted position , the anchor 
launchers are free to move to positions that correspond to the 
shape of the annulus . 
[ 0018 ] Another aspect of the invention is directed to a 
third apparatus for delivering an annulus ring to the vicinity 
of an annulus . The third apparatus comprises an elongated 
core , at least four support arms , and at least four anchor 
launchers . The elongated core has ( a ) a distal end , ( b ) a main 
channel that runs through the core in a proximal - to - distal 
direction , and ( c ) at least four lumens that run through the 
core in a proximal - to - distal direction . Each of the lumens is 
dimensioned to accommodate a respective pull wire . The 
support arms are mounted to the core and extend distally 
beyond the distal end of the core . Each of the anchor 
launchers has a distal end , and each of the anchor launchers 
is supported by a respective one of the support arms . The 
support arms are configured to hold the distal ends of the 
anchor launchers at positions that correspond to a shape of 
the annulus , with the distal ends of the anchor launchers 
distributed about a perimeter of the shape of the annulus . 
[ 0019 ] Some embodiments of the third apparatus further 
comprise at least four anchors , an annulus ring , and at least 
four pull wires . In these embodiments , each of the anchors 
is disposed in a respective one of the anchor launchers and 
the anchors are connected to the annulus ring . Each of the 
pull wires is disposed in a respective one of the lumens , and 
each of the pull wires is operatively connected to a respec 
tive one of the anchor launchers so that pulling on a 
respective pull wire will launch the respective anchor . 
[ 0020 ] Some embodiments of the third apparatus further 
comprise a plurality of support rings and a plurality of 
support rods . In these embodiments , the support arms are 
affixed to the support rings and extend in a distal direction 
from the support rings . The support rods are affixed to the 
support rings , and the support rods extend in a proximal 
direction from the support rings . The core has a plurality of 
support channels that run through the core in a proximal 
to - distal direction and are dimensioned to accommodate the 
support rods , and the support arms are mounted to the core 
by inserting the support rods into the support channels . 
Optionally , these embodiments further comprise a radio 
opaque material distributed on the support rods in an asym 
metric pattern . 
[ 0021 ] In some embodiments of the third apparatus , the 
main channel is centered about the radial center of the core 
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and each of the lumens is located at the same radial distance 
from the radial center of the core . In some embodiments of 
the third apparatus , the at least four support arms comprises 
at least eight support arms , the at least four lumens com 
prises at least eight lumens , and the at least four anchor 
launchers comprises at least eight anchor launchers . 
10022 ] Some embodiments of the third apparatus further 
comprise an outer sleeve disposed around the core , the outer 
sleeve having a distal end . The outer sleeve is slidable with 
respect to the core between an extended position and a 
retracted position . When the outer sleeve is in the extended 
position , the support arms and the anchor launchers are 
disposed within the outer sleeve . When the outer sleeve is in 
the retracted position , the anchor launchers and at least a 
portion of the support arms extend distally beyond the distal 
end of the outer sleeve . 
10023 ) Some embodiments of the third apparatus further 
comprise a first sleeve disposed around the core , the first 
sleeve having a distal portion , wherein the first sleeve is 
slidable with respect to the core between an extended 
position and a retracted position ; and a removable second 
sleeve slidably disposed around the distal portion of the first 
sleeve . When the second sleeve is in an initial position , the 
support arms and the anchor launchers are disposed within 
the second sleeve , and when the second sleeve is removed 
and the first sleeve is in the retracted position , the anchor 
launchers are free to move to positions that correspond to the 
shape of the annulus . 
10024 ] Another aspect of the invention is directed to a 
fourth apparatus for installing a cinching cord onto an 
annulus or onto tissue adjacent to the annulus . The fourth 
apparatus includes a housing , an elongated core , a cinching 
cord , at least four anchors , and first and second extension 
sections of cord . The elongated core is mounted with respect 
to the housing . The core has ( a ) a distal end , ( b ) a proximal 
end , ( c ) a first lumen that runs through the core in a 
proximal - to - distal direction , and ( d ) a second lumen that 
runs through the core in a proximal - to - distal direction . The 
cinching cord has a distal loop portion , a first proximal 
portion , and a second proximal portion , wherein the first 
proximal portion of the cinching cord extends distally 
beyond the distal end of the core , runs through the first 
lumen , and extends proximally beyond the proximal end of 
the core , and wherein the second proximal portion of the 
cinching cord extends distally beyond the distal end of the 
core , runs through the second lumen , and extends proxi 
mally beyond the proximal end of the core . The anchors are 
configured to anchor the distal loop portion of the cinching 
cord into the annulus or into tissue adjacent to the annulus . 
The first extension section of cord has a distal end and a 
proximal section , wherein the distal end of the first extension 
section is connected to the first proximal portion of the 
cinching cord . The second extension section of cord has a 
distal end and a proximal section , wherein the distal end of 
the second extension section is connected to the second 
proximal portion of the cinching cord . The first lumen is 
dimensioned to slidably accommodate the first proximal 
portion of the cinching cord and the first extension section 
of cord , and the second lumen is dimensioned to slidably 
accommodate the second proximal portion of the cinching 
cord and the second extension section of cord . The cinching 
cord , the first and second extension sections of cord , and the 
first and second lumens are configured so that after the distal 
loop portion of the cinching cord is anchored to the annulus 

or into the tissue adjacent to the annulus by the at least four 
anchors , progressive movement of the housing in a proximal 
direction will ( a ) cause the core to progressively move in a 
proximal direction with respect to the first and second 
proximal portions of the cinching cord and ( b ) cause the first 
and second extension sections of cord to be progressively 
drawn into the first and second lumens , respectively . 
10025 ] . In some embodiments of the fourth apparatus , the 
cinching cord , the first extension section of cord , and the 
second extension section of cord are contiguous sections of 
a single cord . 
10026 ] Some embodiments of the fourth apparatus further 
comprise at least one spool rotatably mounted with respect 
to the housing . In these embodiments , the proximal section 
of the first extension section of cord is wound on the at least 
one spool , and the proximal section of the second extension 
section of cord is wound on the at least one spool . The 
cinching cord , the first and second extension sections of 
cord , the first and second lumens , and the at least one spool 
are configured so that after the distal loop portion of the 
cinching cord is anchored to the annulus or into the tissue 
adjacent to the annulus by the at least four anchors , pro 
gressive movement of the housing in a proximal direction 
will cause the first and second extension sections of cord to 
progressively unwind from the at least one spool . 
10027 . Some embodiments of the fourth apparatus further 
comprise a lock that selectively either ( a ) prevents the at 
least one spool from rotating or ( b ) allows the at least one 
spool to rotate . In these embodiments , the at least one spool 
has spokes or markings that enhance visibility of rotation of 
the at least one spool , and the at least one spool is arranged 
with respect to the housing so that at least a portion of the 
spokes or markings is visible from outside the housing . The 
cinching cord , the first extension section of cord , and the 
second extension section of cord are contiguous sections of 
a single cord . 
[ 0028 ] Another aspect of the invention is directed to a fifth 
apparatus for installing a cinching cord onto an annulus or 
onto tissue adjacent to the annulus . The fifth apparatus 
comprises a housing , at least one spool , an elongated core , 
a cinching cord , at least four anchors , at least four anchor 
launchers , at least four support arms , and first and second 
extension sections of cord . The at least one spool is rotatably 
mounted with respect to the housing . The elongated core is 
mounted with respect to the housing . The core has ( a ) a 
distal end , ( b ) a proximal end , ( c ) a first lumen that runs 
through the core in a proximal - to - distal direction , and ( d ) a 
second lumen that runs through the core in a proximal - to 
distal direction . The cinching cord has a distal loop portion , 
a first proximal portion , and a second proximal portion , 
wherein the first proximal portion of the cinching cord 
extends distally beyond the distal end of the core , runs 
through the first lumen , and extends proximally beyond the 
proximal end of the core , and wherein the second proximal 
portion of the cinching cord extends distally beyond the 
distal end of the core , runs through the second lumen , and 
extends proximally beyond the proximal end of the core . 
The anchors are configured to anchor the distal loop portion 
of the cinching cord into the annulus or into tissue adjacent 
to the annulus . Each of the anchor launchers is configured to 
launch a respective one of the at least four anchors into the 
annulus or into the tissue adjacent to the annulus , and each 
of the anchor launchers has a distal end . The support arms 
are mounted to the core and extend distally beyond the distal 
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end of the core and support the anchor launchers . The 
support arms are shaped to hold the distal ends of the anchor 
launchers at positions that correspond to a shape of the 
annulus , with the distal ends of the anchor launchers dis 
tributed about a perimeter of the shape of the annulus . The 
first extension section of cord has a distal end and a proximal 
section . The distal end of the first extension section is 
connected to the first proximal portion of the cinching cord , 
and the proximal section of the first extension section is 
wound on the at least one spool . The second extension 
section of cord has a distal end and a proximal section , and 
the distal end of the second extension section is connected 
to the second proximal portion of the cinching cord . The 
proximal section of the second extension section is wound 
on the at least one spool . The first lumen is dimensioned to 
slidably accommodate the first proximal portion of the 
cinching cord and the first extension section of cord , and the 
second lumen is dimensioned to slidably accommodate the 
second proximal portion of the cinching cord and the second 
extension section of cord . The cinching cord , the first and 
second extension sections of cord , the first and second 
lumens , and the at least one spool are configured so that after 
the distal loop portion of the cinching cord is anchored to the 
annulus or into the tissue adjacent to the annulus by the at 
least four anchors , progressive movement of the housing in 
a proximal direction will ( a ) cause the core to progressively 
move in a proximal direction with respect to the first and 
second proximal portions of the cinching cord and ( b ) cause 
the first and second extension sections of cord to progres 
sively unwind from the at least one spool and be progres 
sively drawn into the first and second lumens , respectively . 
[ 0029 ] In some embodiments of the fifth apparatus , the 
cinching cord , the first extension section of cord , and the 
second extension section of cord are contiguous sections of 
a single cord . In some of these embodiments , the single cord 
is an ultra high molecular weight polyethylene cord . In other 
embodiments of the fifth apparatus , the distal end of the first 
extension section of cord is fastened to the first proximal 
portion of the cinching cord , and wherein the distal end of 
the second extension section of cord is fastened to the 
second proximal portion of the cinching cord . 
[ 0030 ] Some embodiments of the fifth apparatus further 
comprise a lock that selectively either ( a ) prevents the at 
least one spool from rotating or ( b ) allows the at least one 
spool to rotate . In some of these embodiments , the lock 
comprises a removable pin that prevents the at least one 
spool from rotating when the pin is installed , and allows the 
at least one spool to rotate when the pin is removed . 
[ 0031 ] In some embodiments of the fifth apparatus , the at 
least one spool is arranged with respect to the housing so that 
at least a portion of the at least one spool is visible from 
outside the housing . In some embodiments of the fifth 
apparatus , the at least one spool has spokes or markings that 
enhance visibility of rotation of the at least one spool , and 
the at least one spool is arranged with respect to the housing 
so that at least a portion of the spokes or markings is visible 
from outside the housing . 
[ 0032 ] In some embodiments of the fifth apparatus , the at 
least one spool comprises a first spool upon which the 
proximal section of the first extension section of cord is 
wound , and a second spool upon which the proximal section 
of the second extension section of cord is wound . In some 
embodiments of the fifth apparatus , the at least one spool 
comprises a single spool having ( a ) a first region upon which 

the proximal section of the first extension section of cord is 
w ound and ( b ) a second region upon which the proximal 
section of the second extension section of cord is wound , 
wherein the first region and the second region are non 
overlapping . In some embodiments of the fifth apparatus , the 
first lumen and the second lumen have smooth polymer 
walls . 
[ 0033 ] Some embodiments of the fifth apparatus further 
comprise at least four pull wires and a spring - loaded actua 
tor . Each of the pull wires has a proximal end and a distal 
end , wherein the distal end of each of the pull wires is 
operatively connected to a respective one of the anchor 
launchers such that pulling the respective pull wire in a 
proximal direction causes the respective anchor launcher to 
launch a respective anchor . The spring - loaded actuator is 
configured to hold the proximal ends of each of the pull 
wires steady prior to actuation of a trigger , and to pull the 
proximal ends of each of the pull wires in a proximal 
direction upon actuation of the trigger . 
[ 0034 In some embodiments of the fifth apparatus , the at 
least four anchors comprises at least eight anchors , the at 
least four anchor launchers comprises at least eight anchor 
launchers , and the at least four support arms comprises at 
least eight support arms . In some embodiments of the fifth 
apparatus , the annulus is a mitral valve annulus . In other 
embodiments of the fifth apparatus , the annulus is a tricuspid 
valve annulus . 
[ 0035 ] Some embodiments of the fifth apparatus further 
comprise a lock that selectively either ( a ) prevents the at 
least one spool from rotating or ( b ) allows the at least one 
spool to rotate . In these embodiments , the at least one spool 
has spokes or markings that enhance visibility of rotation of 
the at least one spool , and the at least one spool is arranged 
with respect to the housing so that at least a portion of the 
spokes or markings is visible from outside the housing . The 
cinching cord , the first extension section of cord , and the 
second extension section of cord are contiguous sections of 
a single cord . In addition , the at least four anchors comprises 
at least eight anchors , the at least four anchor launchers 
comprises at least eight anchor launchers , and the at least 
four support arms comprises at least eight support arms . 
[ 0036 ] In some embodiments of the fifth apparatus , the at 
least one spool comprises a single spool having ( a ) a first 
region upon which the proximal section of the first extension 
section of cord is wound and ( b ) a second region upon which 
the proximal section of the second extension section of cord 
is wound , and the first region and the second region are 
non - overlapping . 
[ 0037 ] Some embodiments of the fifth apparatus further 
comprise an outer sleeve disposed around the core , the outer 
sleeve having a distal end . The outer sleeve is slidable with 
respect to the core between an extended position and a 
retracted position . When the outer sleeve is in the extended 
position , the support arms and the anchor launchers are 
disposed within the outer sleeve . And when the outer sleeve 
is in the retracted position , the anchor launchers and at least 
a portion of the support arms extend distally beyond the 
distal end of the outer sleeve . Some of these embodiments 
further comprise a rack and pinion mounted with respect to 
the housing , with the rack connected to the outer sleeve such 
that actuation of the pinion causes the outer sleeve to move 
between the extended position and the retracted position . 
0038 ] Some embodiments of the fifth apparatus further 
comprise a first sleeve disposed around the core , the first 
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sleeve having a distal portion , wherein the first sleeve is 
slidable with respect to the core between an extended 
position and a retracted position ; and a removable second 
sleeve slidably disposed around the distal portion of the first 
sleeve . When the second sleeve is in an initial position , the 
support arms and the anchor launchers are disposed within 
the second sleeve , and when the second sleeve is removed 
and the first sleeve is in the retracted position , the anchor 
launchers are free to move to positions that correspond to the 
shape of the annulus . 
[ 0039 ] Another aspect of the invention is directed to a first 
method for preventing tissue ingrowth from interfering with 
the cinching of an annulus using a cinching cord . The 
cinching cord has a distal loop portion disposed within a 
sleeve that promotes tissue ingrowth , a first proximal por 
tion , and a second proximal portion . The first method 
comprises manipulating the cinching cord so that ( a ) the 
distal loop portion of the cinching cord disposed within the 
sleeve is in the vicinity of the annulus and ( b ) the first and 
second proximal portions of the cinching cord run in a 
proximal direction from the distal loop portion of the 
cinching cord . The first method also comprises anchoring 
the distal loop portion of the cinching cord to at least one of 
the annulus and tissue adjacent to the annulus , and covering 
the first and second proximal portions of the cinching cord 
with a material that resists tissue ingrowth . The first method 
also comprises , subsequent to the anchoring step and the 
covering step , waiting for tissue ingrowth to strengthen a 
bond between the distal loop portion of the cinching cord 
and at least one of the annulus and the tissue adjacent to the 
annulus . The first method also comprises , subsequent to the 
waiting step , cinching the annulus by pulling the first and 
second proximal portions of the cinching cord so as to 
reduce a diameter of the annulus . The first method also 
comprises , subsequent to the cinching step , fastening the 
cinching cord so that the cinching cord holds the annulus in 
a reduced diameter state . Preferably , the covering step 
comprises sliding an elongated cord protector having a first 
lumen and a second lumen over the first and second proxi 
mal portions of the cinching cord so that the first proximal 
portion of the cinching cord passes through the first lumen 
and that the second proximal portion of the cinching cord 
passes through the second lumen . 
[ 0040 ] Some embodiments of the first method further 
comprise threading the first proximal portion of the cinching 
cord through the first lumen using a first threading cord and 
threading the second proximal portion of the cinching cord 
through the second lumen using a second threading cord . In 
these embodiments , prior to the threading steps , the first 
threading cord is disposed in the first lumen and the second 
threading cord is disposed in the second lumen . In these 
embodiments , in the sliding step , the first and second 
proximal portions of the cinching cord operate as guidewires 
over which the elongated cord protector is slid , and the 
elongated cord protector is slid into a position at which a 
distal end of the elongated cord protector is adjacent to the 
distal loop portion of the cinching cord . 
[ 0041 ] Some embodiments of the first method further 
comprise the step of removing the elongated cord protector 
subsequent to the waiting step and prior to the cinching step . 
Some embodiments of the first method further comprise the 
step of sliding a stiffening member in a proximal to distal 
direction through a third lumen that runs through the elon - 

gated cord protector , wherein the sliding step is imple 
mented subsequent to the anchoring step and prior to the 
covering step . 
[ 0042 ] In some embodiments of the first method , the 
cinching step comprises advancing a thrust tube in a distal 
direction over the first and second proximal portions of the 
cinching cord until the thrust tube reaches the distal loop 
portion of the cinching cord and subsequently pressing the 
thrust tube in a distal direction while pulling the first and 
second proximal portions of the cinching cord in a proximal 
direction . 
10043 ] In some embodiments of the first method , the 
fastening step comprises fastening two portions of the 
cinching cord together using at least one of a knot , a clamp , 
and a crimped fastener . In some embodiments of the first 
method , in the anchoring step , the distal loop portion of the 
cinching cord is anchored by anchoring the sleeve to at least 
one of the annulus and the tissue adjacent to the annulus 
using a plurality of anchors . 
( 0044 ] In some embodiments of the first method , in the 
anchoring step , the distal loop portion of the cinching cord 
is anchored by anchoring a plurality of anchors to at least 
one of the annulus and the tissue adjacent to the annulus , 
each of the anchors having an eyelet , wherein the cinching 
cord passes through the eyelets in the anchors . 
[ 0045 ] In some embodiments of the first method , the 
covering step comprises sliding an elongated cord protector 
having at least one lumen over the first and second proximal 
portions of the cinching cord so that the first and second 
proximal portions of the cinching cord pass through the at 
least one lumen . In some of these embodiments , the first 
method further comprises removing the elongated cord 
protector subsequent to the waiting step and prior to the 
cinching step . 
[ 0046 ] Another aspect of the invention is directed to a 
sixth apparatus for preventing tissue ingrowth from inter 
fering with the operation of a cinching cord that is implanted 
in a subject ' s body . The cinching cord has a distal loop 
portion , a first proximal portion , and a second proximal 
portion . The sixth apparatus comprises a flexible elongated 
body having a proximal end and a distal end . The elongated 
body has a first lumen that runs between the proximal end 
and the distal end and a second lumen that runs between the 
proximal end and the distal end . The first lumen is dimen 
sioned to slidably accommodate the first proximal portion of 
the cinching cord and the second lumen is dimensioned to 
slidably accommodate the second proximal portion of the 
cinching cord . The elongated body , the first lumen , and the 
second lumen are configured to facilitate slidable installation 
of the elongated body over the first and second proximal 
portions of the cinching cord such that the elongated body 
covers the first and second proximal portions of the cinching 
cord , with the first proximal portion of the cinching cord 
disposed in the first lumen and the second proximal portion 
of the cinching cord disposed in the second lumen . The 
elongated body prevents tissue ingrowth into the elongated 
body , and the elongated body also prevents tissue ingrowth 
into the first and second proximal portions of the cinching 
cord when the elongated body covers the first and second 
proximal portions of the cinching cord . 
[ 0047 ] Some embodiments of the sixth apparatus further 
comprise a first threading cord that runs through the first 
lumen and extends distally beyond the distal end of the 
elongated body , and a second threading cord that runs 
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through the second lumen and extends distally beyond the 
distal end of the elongated body . Some of these embodi - 
ments further comprise a sterile envelope , and the elongated 
body , the first threading cord that runs through the first 
lumen , and the second threading cord that runs through the 
second lumen are all packaged inside the sterile envelope . 
10048 ] In some embodiments of the sixth apparatus , the 
first threading cord is configured to draw the first proximal 
portion of the cinching cord into the first lumen and the 
second threading cord is configured to draw the second 
proximal portion of the cinching cord into the second lumen , 
so that the first and the second proximal portions of the 
cinching cord can operate as a guidewires over which the 
elongated body can be slid into a position at which the distal 
end of the elongated body is adjacent to the distal loop 
portion of the cinching cord . In some of these embodiments , 
the first threading cord extends proximally beyond the 
proximal end of the elongated body and the second thread - 
ing cord extends proximally beyond the proximal end of the 
elongated body . 
[ 0049 ] In some embodiments of the sixth apparatus , the 
elongated body is formed from at least one of polyurethane 
and silicone . In some embodiments of the sixth apparatus , 
the elongated body has a length between 35 and 65 cm and 
a diameter between 1 and 4 mm . In some embodiments of 
the sixth apparatus , the elongated body has a length between 
45 and 55 cm . In some embodiments of the sixth apparatus , 
the elongated body has a diameter between 1 . 5 and 2 . 5 mm . 
In some embodiments of the sixth apparatus , the elongated 
body has a length between 45 and 55 cm and a diameter 
between 1 . 5 and 2 . 5 mm . In some embodiments of the sixth 
apparatus , the first lumen has a diameter between 0 . 2 and 1 
mm and the second lumen has a diameter between 0 . 2 and 
1 mm . In some embodiments of the sixth apparatus , the 
elongated body has a third lumen that is open at the proximal 
end , closed at the distal end , and extends through at least 
three - fourths of the elongated body , and the third lumen is 
dimensioned to slidably accommodate a stiffening wire . In 
some embodiments of the sixth apparatus , the elongated 
body has a third lumen that is open at the proximal end , 
closed at the distal end , and extends through at least three 
fourths of the elongated body , and the third lumen has a 
diameter between 0 . 2 and 1 mm . Some embodiments of the 
sixth apparatus further comprise a radio - opaque marker 
disposed near the distal end of the elongated body . 
[ 0050 ] Some embodiments of the sixth apparatus further 
comprise a first threading cord that runs through the first 
lumen and extends distally beyond the distal end of the 
elongated body , and a second threading cord that runs 
through the second lumen and extends distally beyond the 
distal end of the elongated body . In these embodiments , the 
first threading cord is configured to draw the first proximal 
portion of the cinching cord into the first lumen and the 
second threading cord is configured to draw the second 
proximal portion of the cinching cord into the second lumen , 
so that the first and the second proximal portions of the 
cinching cord can operate as a guidewires over which the 
elongated body can be slid into a position at which the distal 
end of the elongated body is adjacent to the distal loop 
portion of the cinching cord . In these embodiments , the 
elongated body is formed from at least one of polyurethane 
and silicone , the elongated body has a length between 45 and 
55 cm and a diameter between 1 . 5 and 2 . 5 mm , and the first 
lumen has a diameter between 0 . 2 and 1 mm and the second 

lumen has a diameter between 0 . 2 and 1 mm . Some of these 
embodiments further comprise a radio - opaque marker dis 
posed near the distal end of the elongated body . In some of 
these embodiments , the elongated body has a third lumen 
that is open at the proximal end , closed at the distal end , and 
extends through at least nine - tenths of the elongated body , 
and the third lumen has a diameter between 0 . 2 and 1 mm . 
[ 0051 ] Another aspect of the invention is directed to a 
seventh apparatus for delivering an annulus ring or a cinch 
ing cord to the vicinity of an annulus . The seventh apparatus 
comprises an elongated core , at least four support arms , at 
least four anchor launchers , an inflatable balloon , and at 
least one retainer cord . The elongated core has a distal end . 
The support arms mounted to the core and extend distally 
beyond the distal end of the core . Each of the anchor 
launchers has a distal end , and each of the anchor launchers 
is supported by a respective one of the support arms . The 
inflatable balloon is disposed between the between the 
support arms , configured so that when the balloon is inflated , 
the balloon will push the support arms away from each other . 
The at least one retainer cord is connected to the support 
arms and arranged with respect to the support arms to 
encompass the balloon and prevent the balloon from slip 
ping out between the support arms . 
[ 0052 ] In some embodiments of the seventh apparatus , the 
at least one retainer cord comprises a single retainer cord 
that encompasses the balloon and prevents the balloon from 
slipping out between the support arms . In some of these 
embodiments , the single retainer cord is connected to the 
support arms using at least one knot . In some of these 
embodiments , the single retainer cord comprises at least one 
of silk , nylon , polypropylene , and polyester . 
[ 0053 ] In some embodiments of the seventh apparatus , 
each of the support arms is enclosed in a sleeve , and the at 
least one retainer cord is connected to the support arms by 
threading the at least one retainer cord through a hole in each 
of the sleeves . In some embodiments of the seventh appa 
ratus , each of the support arms is enclosed in a sleeve , and 
the at least one retainer cord is connected to the support arms 
by threading the at least one retainer cord through a hole in 
each of the sleeves and tying a knot at each of the sleeves . 
In some embodiments of the seventh apparatus , the at least 
one retainer cord comprises at least two segments of cord 
that collectively encompass the balloon and prevent the 
balloon from slipping out between the support arms . 
[ 0054 ] Some embodiments of the seventh apparatus fur 
ther comprise a cinching cord and at least four anchors , 
wherein each of the anchors is disposed in a respective one 
of the anchor launchers and connected to the cinching cord . 
In these embodiments , the support arms are configured to 
hold the distal ends of the anchor launchers at positions that 
correspond to a shape of the annulus , with the distal ends of 
the anchor launchers distributed about a perimeter of the 
shape of the annulus . 
[ 0055 ] Some embodiments of the seventh apparatus fur 
ther comprises an annulus ring and at least four anchors , 
wherein each of the anchors is disposed in a respective one 
of the anchor launchers and connected to the annulus ring . 
In these embodiments , the support arms are configured to 
hold the distal ends of the anchor launchers at positions that 
correspond to a shape of the annulus , with the distal ends of 
the anchor launchers distributed about a perimeter of the 
shape of the annulus . 
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[ 0056 ] In some embodiments of the seventh apparatus , the 
at least four support arms comprises at least eight support 
arms , and the at least four anchor launchers comprises at 
least eight anchor launchers . 
[ 0057 ] Some embodiments of the seventh apparatus fur 
ther comprise an outer sleeve disposed around the core , the 
outer sleeve having a distal end . The outer sleeve is slidable 
with respect to the core between an extended position and a 
retracted position . When the outer sleeve is in the extended 
position , the support arms , the anchor launchers , the balloon , 
and the at least one retainer cord are disposed within the 
outer sleeve . When the outer sleeve is in the retracted 
position , the anchor launchers , the at least one retainer cord , 
and at least a portion of the support arms extend distally 
beyond the distal end of the outer sleeve . 
[ 0058 ] Some embodiments of the seventh apparatus fur 
ther comprise a first sleeve disposed around the core , the first 
sleeve having a distal portion , wherein the first sleeve is 
slidable with respect to the core between an extended 
position and a retracted position ; and a removable second 
sleeve slidably disposed around the distal portion of the first 
sleeve . When the second sleeve is in an initial position , the 
support arms , the anchor launchers , the balloon , and the at 
least one retainer cord are disposed within the second sleeve . 
When the second sleeve is removed and the first sleeve is in 
the retracted position , the anchor launchers are free to move 
to positions that correspond to the shape of the annulus . 
[ 0059 ] Another aspect of the invention is directed to an 
eighth apparatus for delivering an annulus ring or a cinching 
cord to the vicinity of an annulus . The eighth apparatus 
comprises an elongated core , at least four support arms , at 
least four anchor launchers , a shaft , an inflatable balloon , 
and at least one retainer cord . The elongated core has a distal 
end and a channel that runs through the core in a proximal 
to - distal direction . The support arms are mounted to the core 
and extend distally beyond the distal end of the core . Each 
of the anchor launchers has a distal end , and each of the 
anchor launchers is supported by a respective one of the 
support arms . The shaft is slidably disposed within the 
channel , and the shaft has an inflation lumen . The inflatable 
balloon is mounted to the shaft and connected to the inflation 
lumen so as to permit inflation of the balloon via the inflation 
lumen . The balloon is movable to a first position between the 
support arms by slidably adjusting a position of the shaft , 
and the balloon is configured so that when the balloon is 
inflated at the first position , the balloon will push the support 
arms away from each other . The at least one retainer cord is 
connected to the support arms and arranged with respect to 
the support arms to , when the balloon is at the first position , 
encompass the balloon and prevent the balloon from slip 
ping out between the support arms . 
10060 ] In some embodiments of the eighth apparatus , the 
balloon is movable to a second position that is within the 
channel and proximal of the support arms by slidably 
adjusting a position of the shaft . In some embodiments of the 
eighth apparatus , the balloon is movable to a second position 
that is distally beyond the anchor launchers by slidably 
adjusting a position of the shaft . 
[ 0061 ] In some embodiments of the eighth apparatus , the 
at least one retainer cord comprises a single retainer cord 
that encompasses the balloon and prevents the balloon from 
slipping out between the support arms . In the some of these 
embodiments , the single retainer cord is connected to the 
support arms using at least one knot . In some of these 

embodiments , the single retainer cord comprises at least one 
of silk , nylon , polypropylene , and polyester . 
[ 0062 ] In some embodiments of the eighth apparatus , each 
of the support arms is enclosed in a sleeve , and the at least 
one retainer cord is connected to the support arms by 
threading the at least one retainer cord through a hole in each 
of the sleeves . In some embodiments of the eighth apparatus , 
each of the support arms is enclosed in a sleeve , and the at 
least one retainer cord is connected to the support arms by 
threading the at least one retainer cord through a hole in each 
of the sleeves and tying a knot at each of the sleeves . In some 
embodiments of the eighth apparatus , the at least one 
retainer cord comprises at least two segments of cord that 
collectively encompass the balloon and prevent the balloon 
from slipping out between the support arms . 
10063 ] Some embodiments of the eighth apparatus further 
comprise a cinching cord and at least four anchors , wherein 
each of the anchors is disposed in a respective one of the 
anchor launchers and connected to the cinching cord . In 
these embodiments , the support arms are configured to hold 
the distal ends of the anchor launchers at positions that 
correspond to a shape of the annulus , with the distal ends of 
the anchor launchers distributed about a perimeter of the 
shape of the annulus . 
[ 0064 ] Some embodiments of the eighth apparatus further 
comprise an annulus ring and at least four anchors , wherein 
each of the anchors is disposed in a respective one of the 
anchor launchers and connected to the annulus ring . In these 
embodiments , the support arms are configured to hold the 
distal ends of the anchor launchers at positions that corre 
spond to a shape of the annulus , with the distal ends of the 
anchor launchers distributed about a perimeter of the shape 
of the annulus . 
[ 0065 ] In some embodiments of the eighth apparatus , the 
at least four support arms comprises at least eight support 
arms , the at least four anchor launchers comprises at least 
eight anchor launchers . 
[ 0066 ] Some embodiments of the eighth apparatus further 
comprise an outer sleeve disposed around the core , the outer 
sleeve having a distal end . The outer sleeve is slidable with 
respect to the core between an extended position and a 
retracted position . When the outer sleeve is in the extended 
position , the support arms , the anchor launchers , the balloon , 
and the at least one retainer cord are disposed within the 
outer sleeve . When the outer sleeve is in the retracted 
position , the anchor launchers , the at least one retainer cord , 
and at least a portion of the support arms extend distally 
beyond the distal end of the outer sleeve . 
10067 ] . Some embodiments of the eighth apparatus further 
comprise a first sleeve disposed around the core , the first 
sleeve having a distal portion , wherein the first sleeve is 
slidable with respect to the core between an extended 
position and a retracted position ; and a removable second 
sleeve slidably disposed around the distal portion of the first 
sleeve . When the second sleeve is in an initial position , the 
support arms , the anchor launchers , the balloon , and the at 
least one retainer cord are disposed within the second sleeve . 
When the second sleeve is removed and the first sleeve is in 
the retracted position , the anchor launchers are free to move 
to positions that correspond to the shape of the annulus . 
[ 0068 ] Another aspect of the invention is directed to a 
ninth apparatus for delivering an annulus ring or a cinching 
cord to the vicinity of an annulus . The ninth apparatus 
comprises an elongated core , at least four support arms , at 
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least four anchor launchers , a first shaft , an inflatable first 
balloon , a nosecone , a second shaft , and an inflatable second 
balloon . The elongated core has a distal end and a channel 
that runs through the core in a proximal - to - distal direction . 
The support arms are mounted to the core and extend distally 
beyond the distal end of the core . Each of the anchor 
launchers has a distal end , and each of the anchor launchers 
is supported by a respective one of the support arms . The 
first shaft is disposed within the channel , and the first shaft 
has a first inflation lumen . The inflatable first balloon is 
mounted to the first shaft and connected to the first inflation 
lumen so as to permit inflation of the first balloon via the first 
inflation lumen , and the first balloon is configured so that 
when the first balloon is inflated at a first position , the first 
balloon will push the support arms away from each other . 
The second shaft is slidably disposed within the channel , and 
the second shaft has a second inflation lumen . The inflatable 
second balloon is mounted to the second shaft and connected 
to the second inflation lumen so as to permit inflation of the 
second balloon via the second inflation lumen , and the 
second balloon is disposed distally beyond the first balloon . 
10069 ] In some embodiments of the ninth apparatus , the 
first shaft is slidably disposed within the channel , and the 
first balloon is movable to the first position by slidably 
adjusting a position of the first shaft . In some of these 
embodiments , the first balloon is movable to a second 
position that is within the channel and proximal of the 
support arms by slidably adjusting a position of the first 
shaft . 
[ 0070 ] Some embodiments of the ninth apparatus further 
comprise an outer sleeve disposed around the core , the outer 
sleeve having a distal end . The outer sleeve is slidable with 
respect to the core between an extended position and a 
retracted position . When the outer sleeve is in the extended 
position , the support arms , the anchor launchers , and the first 
balloon are disposed within the outer sleeve . When the outer 
sleeve is in the retracted position , the anchor launchers and 
at least a portion of the support arms extend distally beyond 
the distal end of the outer sleeve . Some of these embodi 
ments further comprise a nosecone that is movable between 
a proximal position and a distal position , such that when the 
nosecone is in the proximal position and the outer sleeve is 
in the extended position , the nosecone is disposed at the 
distal end of the outer sleeve . 
[ 0071 ] In some embodiments of the ninth apparatus that 
include a nosecone , the second shaft extends distally beyond 
the nosecone and the second balloon is located distally 
beyond the nosecone . In some embodiments of the ninth 
apparatus , the nosecone is mounted to the second shaft , and 
the nosecone is movable between the proximal position and 
the distal position by slidably adjusting a position of the 
second shaft . 
[ 0072 ] In some embodiments of the ninth apparatus that 
include a nosecone , the first shaft is slidably disposed within 
the channel , and first balloon is movable to the first position 
by slidably adjusting a position of the first shaft . The second 
shaft extends distally beyond the nosecone and the second 
balloon is located distally beyond the nosecone . The nosec 
one is mounted to the second shaft , and the nosecone is 
movable between the proximal position and the distal posi 
tion by slidably adjusting a position of the second shaft . 
[ 0073 ] Some embodiments of the ninth apparatus that 
include a nosecone further comprise a third shaft slidably 
disposed within the channel . In these embodiments , the 

nosecone is mounted to the third shaft , and the nosecone is 
movable between the proximal position and the distal posi 
tion by slidably adjusting a position of the third shaft . In 
some embodiments of the ninth apparatus , the nosecone is 
located distally beyond the second balloon . 
[ 0074 ] Some embodiments of the ninth apparatus further 
comprise a cinching cord and at least four anchors . In these 
embodiments , each of the anchors is disposed in a respective 
one of the anchor launchers and connected to the cinching 
cord . The support arms are configured to hold the distal ends 
of the anchor launchers at positions that correspond to a 
shape of the annulus , with the distal ends of the anchor 
launchers distributed about a perimeter of the shape of the 
annulus . 

[ 0075 ] Some embodiments of the ninth apparatus further 
comprise an annulus ring and at least four anchors , wherein 
each of the anchors is disposed in a respective one of the 
anchor launchers and connected to the annulus ring . In these 
embodiments , the support arms are configured to hold the 
distal ends of the anchor launchers at positions that corre 
spond to a shape of the annulus , with the distal ends of the 
anchor launchers distributed about a perimeter of the shape 
of the annulus . 
[ 0076 ] In some embodiments of the ninth apparatus , the at 
least four support arms comprises at least eight support 
arms , and the at least four anchor launchers comprises at 
least eight anchor launchers . In some embodiments of the 
ninth apparatus , the annulus is a mitral valve annulus . In 
other embodiments of the ninth apparatus , the annulus is a 
tricuspid valve annulus . 
[ 0077 ] Another aspect of the invention is directed to a 
second method for implanting an annulus ring or a cinching 
cord to a heart valve annulus or into tissue adjacent to the 
annulus . The annulus is disposed between an atrium and a 
ventricle of the heart and the heart has an apex . The second 
method comprises delivering an assembly into the atrium , 
wherein the assembly includes ( a ) the annulus ring or the 
cinching cord , ( b ) a plurality of anchors connected to the 
annulus ring or the cinching cord , and ( c ) a plurality of 
anchor launchers configured to launch the anchors into the 
annulus or into the tissue adjacent to the annulus . The 
assembly is supported by a supporting member . The second 
method also comprises positioning the assembly such that 
the annulus ring or the cinching cord is adjacent to the 
annulus or the tissue adjacent to the annulus on the atrium 
side of the annulus . The second method also comprises 
advancing an inflatable balloon into the ventricle , wherein 
the balloon is supported by the supporting member , and 
inflating the balloon while the balloon is in the ventricle . The 
second method also comprises adjusting a position of the 
balloon within the ventricle so that when a selected portion 
of the cardiac cycle occurs while the balloon is inflated , 
forces on the balloon will urge the balloon toward the apex 
of the heart , which will urge the supporting member toward 
the apex of the heart , which will urge the annulus ring or the 
cinching cord towards the annulus or towards the tissue 
adjacent to the annulus . The second method also comprises 
determining a time when the selected portion of the cardiac 
cycle is occurring while the inflated balloon is at the adjusted 
position , and triggering the anchor launchers so that the 
anchor launchers launch the anchors into the annulus or into 
the tissue adjacent to the annulus during the selected portion 
of the cardiac cycle while the inflated balloon is at the 
adjusted position . adjusted position . 
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[ 0078 ] In some embodiments of the second method , the 
determining comprises detecting when the supporting mem 
ber is being pulled in a distal direction . In some embodi 
ments of the second method , the advancing comprises 
sliding a shaft to which the inflatable balloon is mounted in 
a distal direction with respect to the supporting member . In 
some embodiments of the second method , the positioning 
comprises inflating an additional balloon between a plurality 
of support arms that support the anchor launchers so that the 
additional balloon pushes the support arms away from each 
other . 
[ 0079 ] In some embodiments of the second method , the 
delivering comprises ( a ) introducing the annulus ring or the 
cinching cord , the anchors , and the anchor launchers into the 
atrium while the cinching cord , the anchors , and the anchor 
launchers are collapsed within an outer sleeve ; and ( b ) 
retracting the outer sleeve so that the cinching cord , the 
anchors , and the anchor launchers extend beyond a distal 
end of the outer sleeve . In some embodiments of the second 
method , the valve annulus is a mitral valve annulus . In some 
embodiments of the second method , the valve annulus is a 
tricuspid valve annulus . 
[ 0080 ] Another aspect of the invention is directed to a 
third method for implanting an annulus ring or a cinching 
cord to a tricuspid valve annulus or into tissue adjacent to the 
annulus . The third method comprises delivering an assembly 
into a right atrium , wherein the assembly includes ( a ) the 
annulus ring or the cinching cord , ( b ) a plurality of anchors 
connected to the annulus ring or the cinching cord , and ( c ) 
a plurality of anchor launchers configured to launch the 
anchors into the annulus or into the tissue adjacent to the 
annulus , wherein the assembly is supported by a supporting 
member . The third method also comprises positioning the 
assembly such that the annulus ring or the cinching cord is 
adjacent to the annulus or the tissue adjacent to the annulus 
on the right atrium side of the annulus , and advancing an 
inflatable balloon in a deflated state into a pulmonary artery . 
The balloon is supported by the supporting member . The 
third method also comprises inflating the balloon while the 
balloon is in the pulmonary artery , so as to anchor the 
balloon at a location , and adjusting a position of the assem 
bly while the balloon remains anchored at the location so as 
to press the annulus ring or the cinching cord towards the 
annulus or towards the tissue adjacent to the annulus . The 
third method also comprises launching the anchors into the 
annulus or into the tissue adjacent to the annulus after the 
adjusting , deflating the balloon , and withdrawing the assem 
bly . 
[ 0081 ] In some embodiments of the third method , the 
pulmonary artery is a right pulmonary artery . 
[ 0082 ] In some embodiments of the third method , the 
pulmonary artery is a left pulmonary artery . 
[ 0083 ] In some embodiments of the third method , the 
advancing comprises sliding a shaft to which the inflatable 
balloon is mounted in a distal direction with respect to the 
supporting member . 
[ 0084 ] In some embodiments of the third method , the 
positioning comprises inflating an additional balloon 
between a plurality of support arms that support the anchor 
launchers so that the additional balloon pushes the support 
arms away from each other . 
[ 0085 ] In some embodiments of the third method , the 
delivering comprises introducing the annulus ring or the 
cinching cord , the anchors , and the anchor launchers into the 

right atrium while the cinching cord , the anchors , and the 
anchor launchers are collapsed within an outer sleeve . 
[ 0086 ] Another aspect of the invention is directed to a 
tenth apparatus for installing a cinching cord onto an annu 
lus or onto tissue adjacent to the annulus . This apparatus 
comprises a housing , an elongated core , a cinching cord , at 
least four support arms , at least four anchors , at least four 
anchor launchers , at least one wire , and a pushing member . 
The elongated core is mounted with respect to the housing . 
The core has ( a ) a distal end , ( b ) at least one second channel 
that runs through the core in a proximal - to - distal direction , 
and ( c ) at least one fourth channel that runs through the core 
in a proximal - to - distal direction . The cinching cord has a 
distal loop portion , a first proximal portion , and a second 
proximal portion , wherein the first proximal portion of the 
cinching cord is slidably disposed within the at least one 
second channel and extends distally beyond the distal end of 
the core , and wherein the second proximal portion of the 
cinching cord is slidably disposed within the at least one 
second channel and extends distally beyond the distal end of 
the core . The support arms are mounted to the core and 
extend distally beyond the distal end of the core . The 
anchors are configured to anchor the distal loop portion of 
the cinching cord into the annulus or into the tissue adjacent 
to the annulus . Each of the anchor launchers is supported by 
a respective one of the support arms , and each of the anchor 
launchers is configured to launch a respective one of the 
anchors into the annulus or into the tissue adjacent to the 
annulus . The at least one wire ( i ) is slidably disposed within 
the at least one fourth channel , ( ii ) has a distal end that 
extends distally beyond the distal end of the core , and ( iii ) 
has a proximal end that extends proximally beyond the 
fourth channel . The pushing member is affixed to the distal 
end of the at least one wire such that pushing the proximal 
end of the at least one wire in a distal direction will push the 
pushing member in a distal direction . The cinching cord and 
the at least one second channel are configured so that after 
the distal loop portion of the cinching cord is anchored to the 
annulus or into the tissue adjacent to the annulus by the at 
least four anchors , progressive movement of the housing in 
a proximal direction will cause the core to progressively 
move in a proximal direction with respect to the first and 
second proximal portions of the cinching cord . The pushing 
member is configured so that after the distal loop portion of 
the cinching cord is anchored to the annulus or into the tissue 
adjacent to the annulus by the at least four anchors , pushing 
the pushing member in a distal direction will hinder dis 
lodgement of the anchors during the movement of the 
housing in the proximal direction . 
[ 0087 ] In some embodiments of the tenth apparatus , the 
distal loop portion of the cinching cord is covered by a 
sleeve that promotes tissue ingrowth . 
[ 0088 ] In some embodiments of the tenth apparatus , the 
pushing member has at least one passage , and the first 
proximal portion and the second proximal portion of the 
cinching cord are slidably disposed in the at least one 
passage . 
[ 00891 In some embodiments of the tenth apparatus , the 
pushing member has a distal end and a proximal end , and at 
least one passage that passes through the pushing member in 
a proximal to distal direction , and the first proximal portion 
and the second proximal portion of the cinching cord are 
slidably disposed in the at least one passage . 
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the tissue adjacent to the annulus . The fourth method also 
comprises withdrawing the percutaneous delivery tool in a 
proximal direction after the at least four anchors have been 
launched , and pressing a pushing member in a distal direc 
tion so that the pushing member holds a portion of the 
cinching cord against the annulus or against the tissue 
adjacent to the annulus with enough pressure to prevent 
dislodgment of any of the at least four anchors during the 
withdrawal of the percutaneous delivery tool . 
[ 0096 ] In some embodiments of the fourth method , the at 
least four anchors comprises at least eight anchors . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0090 ] In some embodiments of the tenth apparatus , the 
pushing member comprises a hollow cylinder aligned so that 
an axial axis of the hollow cylinder is parallel to the at least 
one wire , and the first proximal portion and the second 
proximal portion of the cinching cord are slidably disposed 
within the hollow cylinder . 
[ 0091 ] In some embodiments of the tenth apparatus , the at 
least one second channel comprises a plurality of lumens , 
and each of the first proximal portion of the cinching cord 
and the second proximal portion of the cinching cord is 
slidably disposed within a respective one of the plurality of 
lumens . In some of these embodiments , the at least one wire 
comprises a plurality of wires , the at least one fourth channel 
comprises a plurality of channels , and each of the plurality 
of wires is slidably disposed within a respective one of the 
plurality of channels . 
10092 ] In some embodiments of the tenth apparatus , the 
pushing member is configured so that after the distal loop 
portion of the cinching cord is anchored to the annulus or 
into the tissue adjacent to the annulus by the at least four 
anchors , pushing the pushing member in a distal direction 
will press the cinching cord against the annulus or the tissue 
adjacent to the annulus . 
[ 0093 ] Some embodiments of the tenth apparatus further 
comprise at least one crush - resistant channel disposed dis 
tally beyond the distal end of the core , wherein the first and 
second proximal portions of the cinching cord are slidably 
disposed within the at least one crush - resistant channel . In 
some of these embodiments , before the distal loop portion of 
the cinching cord is anchored to the annulus or into the tissue 
adjacent to the annulus by the at least four anchors , the at 
least one crush - resistant channel extends to the pushing 
member . In some of these embodiments , the at least one 
crush - resistant channel is supported by at least one support 
arm that is affixed to the core . 
[ 0094 ] In some embodiments of the tenth apparatus , the at 
least one second channel comprises a plurality of lumens , 
and each of the first proximal portion of the cinching cord 
and the second proximal portion of the cinching cord is 
slidably disposed within a respective one of the plurality of 
lumens . The at least one wire comprises a plurality of wires , 
the at least one fourth channel comprises a plurality of 
channels , and each of the plurality of wires is slidably 
disposed within a respective one of the plurality of channels . 
The pushing member is configured so that after the distal 
loop portion of the cinching cord is anchored to the annulus 
or into the tissue adjacent to the annulus by the at least four 
anchors , pushing the pushing member in a distal direction 
will press the cinching cord against the annulus or the tissue 
adjacent to the annulus . In some of these embodiments , the 
pushing member has a distal end and a proximal end , and at 
least one passage that passes through the pushing member in 
a proximal to distal direction . The first proximal portion and 
the second proximal portion of the cinching cord are slidably 
disposed in the at least one passage . 
[ 0095 ] Another aspect of the invention is directed to a 
fourth method of attaching a cinching cord with a distal loop 
portion to an annulus or to tissue adjacent to the annulus . 
The fourth method comprises delivering the distal loop 
portion of the cinching cord to a vicinity of the annulus using 
a percutaneous delivery tool , and launching at least four 
anchors into the annulus or into the tissue adjacent to the 
annulus . The at least four anchors are configured to affix the 
distal loop portion of the cinching cord to the annulus or to 

[ 0097 ] FIGS . 1A and 1B are left and right side views , 
respectively , of an embodiment of an apparatus for installing 
a cinching cord or an annulus ring onto a cardiac valve 
annulus when the outer sleeve is in an extended position . 
[ 0098 ] FIGS . 2A and 2B are left and right side views , 
respectively , of the FIG . 1 embodiment as it appears when 
the outer sleeve in a retracted position . 
100991 . FIG . 3 is a detailed view of the distal end of the 
FIG . 1 embodiment when the outer sleeve is in the extended 
position . 
[ 0100 ] FIG . 4A is a detailed view of the core in the FIG . 
3 embodiment . 
[ 0101 ] FIG . 4B depicts how the support arms are affixed to 
the core in the FIG . 3 embodiment . 
[ 0102 ] FIGS . 5A , 5B , and 5C depict respective views of 
the portion of the FIG . 1 embodiment that moves the outer 
sleeve between the extended position and the retracted 
position . 
[ 0103 ] FIG . 6A is a detailed view of a distal assembly that 
has emerged from within the outer sleeve in the FIG . 1 
embodiment . 
[ 0104 ] FIG . 6B depicts the FIG . 6A view with additional 
sleeves that cover certain components . 
[ 0105 ] FIG . 7A depicts the FIG . 3 apparatus after the distal 
end of the apparatus has been inserted into the left atrium 
and the outer sleeve has been partially retracted . 
[ 0106 ] FIG . 7B depicts the FIG . 3 apparatus after the outer 
sleeve has been fully retracted . 
[ 0107 ] FIG . 7C depicts the FIG . 3 apparatus after the 
balloon has been inflated . 
[ 0108 ] FIG . 7D depicts the FIG . 3 apparatus immediately 
after the anchors have been launched into the annulus . 
[ 0109 ] FIG . 8A depicts the FIG . 3 apparatus after the 
balloon is deflated and certain components have been pulled 
partially back into the outer sleeve . 
[ 0110 ] FIG . 8B depicts the FIG . 3 apparatus after those 
components have been pulled further back into the outer 
sleeve . 
[ 0111 ] FIG . 9A is a detail of the proximal portion of FIG . 
5A . 
[ 0112 ] FIG . 9B is a detail cutaway view of the center 
portion of FIG . 9A . 
[ 0113 ] FIG . 10A depicts a cord protector for preventing 
tissue ingrowth 
[ 0114 ] FIG . 10B depicts the cord protector of FIG . 10A 
combined with a set of threading cords . 
f0115 ] FIG . 11 is a flowchart of a method for preventing 
tissue ingrowth from interfering with the cinching of an 
ann ulls 
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[ 0116 ] FIG . 12 depicts a cord protector while it is being 
slid in a distal direction over the proximal portions of the 
cinching cord . 
[ 0117 ] FIG . 12B depicts the cord protector of FIG . 12A 
after reaching the distal loop portion of the cinching cord . 
[ 0118 ] FIG . 13A depicts the cinching cord of FIG . 12A 
after the cord protector has been withdrawn . 
[ 0119 ] FIG . 13B depicts the cinching cord of FIG . 12A 
after a thrust tube has slid over the proximal portions of the 
cinching cord and reached the distal loop portion of the 
cinching cord . 
[ 0120 ] FIG . 14 depicts a variation of the FIG . 3 embodi 
ment that has an additional balloon . 
[ 0121 ] FIG . 15 is a flowchart of a method for using the 
FIG . 14 embodiment . 
[ 0122 ] FIG . 16 depicts a variation of the FIG . 6A embodi 
ment in which the cinching cord has been replaced by an 
annulus ring . 
[ 0123 ] FIG . 17 depicts another embodiment of an appa 
ratus for installing a cinching cord that reduces the risk of 
dislodgment . 
[ 0124 ] FIG . 18 depicts the FIG . 17 embodiment after the 
anchors have been implanted and withdrawal of the appa 
ratus has begun . 
T0125 ) FIG . 19 depicts another embodiment that is similar 
to the FIG . 14 embodiment but uses a two - part sleeve and 
omits the nosecone . 
[ 0126 ] Various embodiments are described in detail below 
with reference to the accompanying drawings , wherein like 
reference numerals represent like elements . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[ 0127 ] This application describes methods and appara 
tuses for delivering and installing a cinching cord or an 
annulus ring into a cardiac valve annulus . In the cinching 
cord embodiments , once a cinching cord is installed into a 
cardiac valve annulus using the apparatuses and / or methods 
described herein , and after waiting for tissue ingrowth to 
occur , the cinching cord can be cinched in order to reduce 
the diameter of the annulus . These embodiments are useful 
for correcting or improving a variety of valve - related con 
ditions ( including but not limited to mitral valve regurgita 
tion ) . In the annulus ring embodiments , an annulus ring is 
installed into a cardiac valve annulus to either ( a ) stabilize 
the shape of the annulus and prevent the annulus from 
expanding or ( b ) serve as the foundation onto which a 
replacement valve can be mounted . These embodiments are 
useful in the contexts of reducing valve regurgitation and 
cardiac valve replacement . 
[ 0128 ] FIGS . 1A , 1B , 2A , and 2B are views of an appa 
ratus 25 for delivering and installing a cinching cord or an 
annulus ring onto a cardiac valve annulus , such as the mitral 
valve annulus or the tricuspid valve annulus . In all four of 
these figures , the housing 40 is disposed on the proximal 
side of the apparatus 25 , and the outer sleeve 60 is disposed 
at the distal side of the apparatus . More specifically , FIGS . 
1A and 1B are left and right side views , respectively , of the 
apparatus 25 as it appears when the outer sleeve 60 of the 
apparatus is in an extended position ; and FIGS . 2A and 2B 
are left and right side views , respectively , of the same 
apparatus 25 as it appears when the outer sleeve 60 is in a 
retracted position . When the outer sleeve 60 is retracted ( as 
shown in FIGS . 2A and 2B ) , the distal assembly 70 ( which 

includes the distal loop portion of the cinching cord or the 
annulus ring ) extends out past the distal end of the outer 
sleeve 60 . When the outer sleeve 60 is extended ( as shown 
in FIGS . 1A and 1B ) , the distal assembly is collapsed and is 
disposed within the outer sleeve 60 , and is therefore not 
visible in those figures . The extension and retraction of the 
outer sleeve 60 with respect to the core 50 is controlled by 
the sleeve retractor 44 , which is described below . 
[ 0129 ] FIG . 3 is a detailed view of the distal end of the 
apparatus 25 of FIG . 1 when the outer sleeve 60 is in its 
extended position . In this figure , the various components 
that make up the distal assembly 70 ( shown in FIG . 2A ) are 
all collapsed and contained within the outer sleeve 60 . A 
preferred length of the outer sleeve 60 is 50 cm . In some 
embodiments , the outer diameter of the outer sleeve 60 is 22 
French . Note that in alternative embodiments ( e . g . , the FIG . 
17 / 18 embodiment discussed below ) , the one - piece outer 
sleeve 60 may be replaced with a plurality of sleeves . 
[ 0130 . The outer sleeve 60 is disposed around an elon 
gated core 50 , such that the outer sleeve is slidable with 
respect to the core between the extended position and the 
retracted position . In some embodiments , the core 50 is 
made of a flexible and noncompressible polymer . In some 
embodiments , the outer diameter of the core 50 is 5 . 7 mm . 
In alternative embodiments , the outer diameter of the core is 
between 5 . 0 and 6 . 5 mm . The gap between the outer surface 
of the core 50 and the inner diameter of the outer sleeve 60 
is dimensioned to facilitates the slidable relationship 
between the outer sleeve 60 and the core 50 . A main channel 
55 runs through the center of the core 50 . In some embodi 
ments , the diameter of this main channel 55 is 3 . 7 mm . In 
alternative embodiments , this diameter can vary between 3 . 0 
and 4 . 5 mm . 
[ 0131 ] At least four support arms 72 are mounted to the 
core 50 . The support arms 72 extend distally beyond the 
distal end of the core . Suitable materials for forming the 
support arms 70 to include stainless steel , nitinol , and other 
biocompatible metals . The support arms are flexible enough 
to collapse within the outer sleeve 60 , but spring back to 
their original shape when extended distally beyond the 
confines of the outer sleeve 60 . 
[ 0132 ] At least four anchor launchers 74 are supported by 
respective ones of the at least four support arms 72 . Each of 
the anchor launchers has a distal end . Suitable designs for 
the anchor launchers and the anchors contained therein can 
be found in U . S . applications Ser . Nos . 14 / 895 , 711 and 
15 / 163 , 453 , each of which is incorporated herein by refer 
ence . An anchor is disposed in each of the anchor launchers 
74 . Each of the anchor launchers 74 is has a pull - wire 
trigger , and each of the pull wires 76 is operatively con 
nected to one of the anchor launchers 74 so that pulling on 
a respective pull wire will launch the respective anchor . 
[ 0133 ] Note that while FIG . 3 depicts four support arms 72 
and four anchor launchers 74 , it is more preferable to use at 
least eight support arms 72 and at least eight anchor launch 
ers 74 ( e . g . between 8 and 16 support arms and between 8 
and 16 anchor launchers ) . But only four support arms and 
anchor launchers are depicted in FIG . 3 to make those 
components easier to see . 
[ 0134 ] A cinching cord has a distal loop portion , a first 
proximal portion 84 , and a second proximal portion 84 . The 
distal loop portion 82 ( shown in FIG . 6A ) of the cinching 
cord is preferably surrounded by a sleeve 86 of material that 
promotes tissue ingrowth . The sleeve 86 is preferably soft 
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and flexible . Suitable materials include a fabric braids ( e . g . , 
made of polyethylene terephthalate ( PET ) fabric . The 
anchors that are disposed within the anchor launchers 74 are 
connected to the distal loop portion 82 of the cinching cord . 
In some embodiments , this connection is implemented by 
connecting the anchors directly to the distal loop portion 82 
of the cinching cord . In alternative embodiments , this con 
nection is implemented by connecting the anchors to the 
sleeve 86 that surrounds the distal loop portion 82 of the 
cinching cord . 
[ 0135 ] A shaft 106 is disposed within the main channel 55 
and the shaft 106 has an inflation lumen . An inflatable 
balloon 105 is mounted to the shaft 106 and connected to the 
inflation lumen so as to permit inflation of the balloon 105 
via the inflation lumen . The balloon 105 is configured so that 
when the outer sleeve 60 is retracted and the balloon 105 is 
inflated when disposed at a first position located between the 
support arms 72 ( as best seen in FIGS . 73 and 7C ) , the 
balloon 105 will push the support arms 72 away from each 
other to help move the support arms 72 into positions at 
which the support arms 72 hold the distal ends of the anchor 
launchers 74 at positions that correspond to the shape of the 
annulus , with the distal ends of the anchor launchers 74 
distributed about the perimeter of the shape of the annulus . 
[ 0136 ] Note that even without the balloon 105 , the support 
arms 72 are shaped to hold the distal ends of the anchor 
launchers 74 at positions that correspond to the shape of the 
annulus . But because the support arms 72 may become 
entangled with each other while they are collapsed within 
the outer sleeve 60 , the balloon 105 is useful for untangling 
the support arms . In addition , the balloon 105 stiffens the 
structure formed by the support arms 72 and the distal loop 
portion 82 of the cinching cord so it becomes a relatively 
rigid structure that , in some preferred embodiments , fits very 
closely into the shape of the atrium . 
[ 0137 ] Preferably , the shaft 106 is slidably disposed within 
the main channel 55 , and the balloon 105 is movable to the 
first position by slidably adjusting a position of the shaft 
106 . Optionally , the balloon 105 may be movable to a 
second position that is within the main channel 55 and 
proximal of the support arms 72 by slidably adjusting a 
position of the shaft 106 . 
[ 0138 ] This embodiment also includes a nosecone 100 that 
is movable between a proximal position and a distal posi 
tion . When the nosecone 100 is in the proximal position and 
the outer sleeve 60 is in the extended position , the nosecone 
100 is disposed at the distal end of the outer sleeve 60 , as 
seen in FIG . 3 . 
[ 0139 ] In some embodiments , the nosecone 100 is 
mounted to a nosecone shaft 101 , and the nosecone is 
movable between the proximal position and a distal position 
by slidably adjusting a position of the nosecone shaft 101 . 
FIG . 7A - D show the nosecone 100 when it is positioned at 
the distal position . In alternative embodiments , the nosecone 
is omitted entirely . 
[ 0140 ] FIG . 4A is a detailed view of the core 50 from the 
FIG . 3 embodiment . The core 50 has a distal end and a main 
channel 55 that runs through the core in a proximal - to - distal 
direction , and is centered about the radial center of the core 
50 . The core 50 also has at least four first channels 51 that 
run through the core in a proximal - to - distal direction , and 
each of the first channels 51 is dimensioned to accommodate 
a respective one of the pull wires 76 . Preferably , each of the 
first channels 51 is a lumen . In some embodiments , the walls 

of these lumens 51 are made from the same material as the 
core 50 . In alternative embodiments , the walls of these 
lumens 51 are lined with a smooth material such as PTFE . 
[ 0141 ] The core 50 also has at least one second channel 52 
that runs through the core in a proximal - to - distal direction , 
and the at least one second channel 52 is dimensioned to 
accommodate the first and second proximal portions 84 of 
the cinching cord . Preferably , each of the proximal portions 
84 of the cinching cord runs through its own individual 
second channel 52 , and each of these second channels is 
dimensioned to accommodate a respective proximal portion 
84 of the cinching cord . However , in less preferred embodi 
ments , both the first and second proximal portions 84 of the 
cinching cord can run through a single second channel 52 . 
Preferably , each of the second channels 52 is a lumen . In 
some embodiments , the walls of these lumens 52 are made 
from the same material as the core 50 . In alternative embodi 
ments , the walls of these lumens 52 are lined with a smooth 
material such as PTFE . 
10142 ] Preferably , each of the first channels 51 and each of 
the at least one second channel 52 is located at positions that 
are radially beyond the main channel 55 . Optionally , each of 
the first channels 51 and each of the at least one second 
channel 52 is located at the same radial distance from the 
radial center of the core 50 . 
[ 0143 ] The core 50 also has a plurality of third channels 53 
that run through the core in a proximal - to - distal direction , 
and the plurality of third channels 53 are dimensioned to 
accommodate the support rods 95 described below in con 
nection with FIG . 4B . In some preferred embodiments , the 
diameter of each of the first channels 51 , each of the second 
channels 52 , and each of the third channels 53 is 0 . 45 mm . 
101441 . FIG . 4B depicts one preferred approach for mount 
ing the support arms 72 to the core 50 . In this approach , the 
support arms 72 are affixed to a plurality of support rings 90 , 
and the support arms extend in a distal direction from the 
support rings . A plurality of support rods 95 are also affixed 
to the support rings , and the support rods extend in a 
proximal direction from the support rings . These support 
rods 95 may be formed of metal wire . Using this subassem 
bly ( which includes the support rings 90 , the support rods 
95 , and the support arms 72 ) , the support arms 72 can be 
mounted to the core 50 by inserting the support rods 95 into 
the third channels 53 of the core 50 , so as to yield the 
configuration depicted in FIG . 3 . 
[ 0145 ] The support rings 90 each have a plurality of holes 
92 , and these holes 92 are positioned so that when the 
support rods 95 have been inserted into the third channels 53 
of the core 50 , the holes 92 in the support rings will line up 
with the first channels 51 and the second channels 52 in the 
core 50 . The support rings 90 also include at least four cut 
outs 93 dimensioned and configured to support the support 
arms 72 and a plurality of cut outs 94 dimensioned and 
configured to support the support rods 95 . 
[ 014 ] Optionally , radio - opaque material ( e . g . 80 % plati 
num and 20 % iridium , or other alternatives that will be 
apparent to persons skilled in the relevant arts ) may be added 
to the subassembly to help ascertain the position of the 
apparatus during the procedure for installing the cinching 
cord or annulus ring using fluoroscopy . Preferably , the 
radio - opaque material is distributed in an asymmetric pat 
tern . For example , a pair of radio - opaque sleeves 98 may be 
disposed on one of the support arms 95 , and a single 
radio - opaque sleeve 98 may be disposed on another one of 
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the support arms 95 . Using an asymmetric distribution of 
radio - opaque material makes it easier to ascertain the ori - 
entation of the apparatus during the procedure for installing 
the cinching cord or annulus ring , because different portions 
of the apparatus will look different under fluoroscopy . Of 
course , it will be appreciated by persons skilled in the 
relevant art that the radio - opaque material may be distrib 
uted in a wide variety of different asymmetric patterns , and 
still remain useful for positioning and orientation purposes . 
[ 0147 ] Returning to FIG . 3 , the first and second proximal 
portions 84 of the cinching cord are disposed in the at least 
one second channel 52 and can slide easily within the at least 
one second channel 52 . In addition , each of the at least four 
pull wires 76 is disposed in a respective one of the first 
channels 51 and can slide easily within the first channels 51 . 
[ 0148 ] When the outer sleeve 60 is in the extended posi 
tion ( as it is in FIG . 3 ) , the support arms 72 and the anchor 
launchers 74 are disposed within the outer sleeve 60 . But 
when the outer sleeve 60 is in the retracted position , the 
anchor launchers 74 and at least a portion of the support 
arms 72 extend distally beyond the distal end of the outer 
sleeve 60 ( as best seen in FIGS . 6A and 6B ) . 
[ 0149 ] FIGS . 5A - C depict the portion of the apparatus 25 
that moves the outer sleeve 60 between the extended posi 
tion ( as depicted in FIGS . 1 and 3 ) and the retracted position 
( as depicted in FIGS . 2 and 6 ) . Components with similar 
numbers correspond to the same components discussed 
above in connection with FIGS . 1 - 4 . 
[ 0150 ] The apparatus 25 includes a housing 40 that is 
sized to be held in a person ' s hand and it has a plurality of 
controls 44a , 47 that are used to operate the apparatus 25 . 
The housing may be formed of thermoplastic , metal , or any 
other suitable material . The elongated core 50 is mounted in 
a fixed spatial relationship with respect to the housing 40 , 
and the mounting of the core 50 to the housing 40 may be 
implemented either directly or via intermediate components . 
The outer sleeve 60 ( shown in FIGS . 3 and 5A ) is disposed 
around the core 50 and the outer sleeve 60 is slidable with 
respect to the core 50 between an extended position and a 
retracted position . 
[ 0151 ] In the illustrated embodiment , the sleeve retractor 
44 is responsible for moving the outer sleeve 60 with respect 
to the core 50 . This is accomplished using a rack - and - pinion 
that includes rack 44r and pinion 44p . A steering control 
assembly 42 ( that preferably facilitates medial and anterior 
deflecting of the catheter shaft and also rotation with respect 
to the housing 40 ) is affixed to the distal end of the rack 44r , 
and the outer sleeve 60 is affixed to the distal end of the 
steering control assembly 42 . As a result , the outer sleeve 60 
will track the movements of the rack 44r . Clockwise rotation 
of the actuator 44a will cause the pinion 44p to rotate in a 
clockwise direction , which will cause the rack 44r to move 
in a proximal direction with respect to the housing 40 . 
Preferably , a locking pin 44k prevents the rack 44r from 
moving when the locking pin 44k is inserted , which prevents 
unintentional retraction of the outer sleeve 60 during inser 
tion of the apparatus . 
[ 0152 ] Because of the core 50 is in a fixed spatial rela 
tionship with respect to the housing , movement of the rack 
44r in the proximal direction will cause the outer sleeve 60 
to slide in a proximal direction with respect to the core 50 . 
This will cause the outer sleeve 60 to move from the 
extended position ( shown in FIGS . 1 and 3 ) to the retracted 
position shown in FIGS . 2 and 6A . 

[ 0153 ] FIG . 6A is a detailed view of a distal assembly 70 
that has emerged from within the outer sleeve 60 as a result 
of the retraction of the outer sleeve 60 , so that the distal 
assembly 70 extends distally beyond the distal end of the 
outer sleeve 60 . The distal assembly 70 in this embodiment 
includes ten anchor launchers 74 , each of which is supported 
by its own individual support arm 72 . In some embodiments , 
the support arms 72 are mounted to the core 50 as described 
above in connection with FIGS . 3 - 4 . The support arms are 
shaped such that when the outer sleeve 60 is in the retracted 
position , the support arms 72 hold the distal ends of the 
anchor launchers 74 at positions that correspond to a shape 
of the annulus , with the distal ends of the anchor launchers 
74 distributed about a perimeter of the shape of the annulus 
( see also FIG . 7C ) . 
10154 ] Note that the shape of the distal loop portion 82 of 
the cinching cord in FIG . 6A is round , and this shape is 
suitable when the cinching cord is installed onto a round 
annulus . In alternative embodiments , when the cinching 
cord is installed onto an annulus with a different shape ( e . g . , 
a mitral valve annulus that is D - shaped ) , the support arms 72 
are pre - shaped so that the distal ends of the anchor launchers 
74 will be distributed about the perimeter of that differently 
shaped annulus . 
10155 ] Preferably , the shape and size of the support arms 
72 are designed to fit the anatomy of the individual patient , 
so that when the outer sleeve 60 is retracted , the distal loop 
portion 82 of the cinching cord will be opened by the support 
arms 72 and spread around the annulus , so that it will be in 
the correct location ready for the anchors to be launched 
with little adjustment . This may be achieved , e . g . , by design 
ing the 3D shape of the support arms 72 so that they each 
extend in a predefined angulation from the core 50 . 
[ 0156 The desired shape of the support arms 72 and the 
circumference of the distal loop portion 82 of the cinching 
cord may be determined by converting a CT scan of the 
patient into a 3D CAD file . The support arms 72 can then be 
formed so that they will hold the distal loop portion 82 of the 
cinching cord in a configuration that matches the target 
annulus . One preferred approach for accomplishing this is to 
insert the anchor launchers 74 into a jig that holds the distal 
ends of the anchor launchers 74 at positions that match the 
annulus in the CAD file . An assembly that includes the 
support rings 90 , the support rods 95 and the support arms 
72 is then attached to the anchor launchers 74 ( e . g . using 
welding or an appropriate adhesive ) . The jig will also hold 
the support rods 95 at a position that provides an appropriate 
angle between the support rods 95 and the support arms 72 . 
The assembly ( with the anchor launchers 74 attached ) is 
then heated to take on the shape that is being forced upon it 
by the jig . Optionally , the support arms may be made of a 
shape - memory material e . g . nitinol . 
[ 0157 ] A cinching cord has a distal loop portion 82 , a first 
proximal portion 84 , and a second proximal portion 84 . The 
distal loop portion 82 of the cinching cord is preferably 
surrounded by a sleeve 86 of material that promotes tissue 
ingrowth such as a fabric braid . As explained above , the 
anchors that are disposed within the anchor launchers 74 are 
connected to the distal loop portion 82 of the cinching cord , 
and the anchor launchers 74 are configured so that pulling on 
a respective pull wire 76 will launch the respective anchor . 
[ 0158 ] FIG . 6B is similar to FIG . 6A ( and similar refer 
ence numbers correspond to similar features ) , except that 
FIG . 6B also shows a set of sleeves 79 , 89 that were omitted 
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from FIG . 6A for clarity . Each of the anchor launchers 74 is 
supported by one of the support arms 72 and is actuated by 
one of the pull wires 76 . To facilitate smoother opening of 
the support arms 72 into the configuration depicted in FIG . 
6B , it is preferable to surround the support arm 72 and the 
pull wire 76 that terminate at each individual anchor 
launcher 74 in a sleeve 79 . In the FIG . 6B embodiment , there 
will be one sleeve 79 for each of the anchor launchers 74 , 
and the support arms 72 and the pull wires 76 for that anchor 
launchers 74 will run through the center of the correspond 
ing sleeve 79 . In some embodiments , these sleeves 79 are 
made from clear shrink tubing with an inner diameter ( after 
shrinking ) that is large enough so as not to interfere with the 
slidability of the pull wires 76 within the sleeves 79 . In 
alternative embodiments , the sleeves 79 may be made from 
other polymer materials with a similar inner diameter . 
10159 ] Preferably , an additional sleeve 89 is provided , and 
the proximal portions 84 of the cinching cord run through 
this additional sleeve 89 . The sleeve 89 is similar to the 
sleeve 79 discussed above , and is dimensioned to have an 
inner diameter that is large enough so as not to interfere with 
the slidability of the proximal portions 84 of the cinching 
cord within the sleeve 89 . 
0160 ] In some embodiments , a retainer cord 78 is con 

nected to the support arms 72 and arranged with respect to 
the support arms 72 so that when the balloon 105 is disposed 
on a between the support arms 72 and inflated ( as seen in 
FIG . 7D ) , the retainer cord 78 will encompass the balloon 
105 and prevent the balloon 105 from slipping out between 
the support arms 72 . 
[ 0161 ] The retainer cord 78 may be connected to the 
support arms 72 using at least one knot . In some embodi 
ments , the retainer cord 78 comprises a silk suture . In 
alternative embodiments , the retainer cord 78 comprises a 
polymer ( e . g . , nylon , polypropylene , polyester , etc . ) cord . 
[ 0162 ] In some preferred embodiments , the support arms 
72 are enclosed in sleeves 79 as described above , and the 
retainer cord 78 is connected to the support arms 72 by 
threading the retainer cord 78 through a hole in each of the 
sleeves 79 and tying a knot at each of the sleeves 79 . This 
may be accomplished , for example , using a continuous 
surgical silk suture or a polymer cord that is connected 
between each of the support arms 72 and its adjacent 
neighbor in sequence . The retainer cord 78 may be attached 
to the support arms 72 by having an assembler puncture each 
sleeve 79 with the integral needle of a surgical suture that 
will ultimately serve as the retainer cord 78 . After making 
the puncture , the retainer cord 78 is passed through the 
puncture and is fastened to the sleeve 79 using a knot ( such 
as an overhand knot ) . The assembler then continues to the 
next support arm 72 and sleeve 79 and repeats the same 
process , eventually returning to the first support arm 72 and 
sleeve 79 . When this process is used to connect the retainer 
cord 78 to the support arms 72 , it is preferable to ensure that 
none of the knots enclose any of the pull wires ( so as not to 
interfere with the pull ability of the pull wires ) . 
[ 0163 ] In alternative embodiments ( not shown ) , the single 
retainer cord 78 that is attached to each of the support arms 
72 may be replaced with two or more shorter segments of 
retainer cord , such that the shorter segments of retainer cord , 
collectively taken together , encompass the balloon and pre 
vent the balloon from slipping out between the support arms . 
10164 ] FIGS . 7A - D depict using the FIG . 1 - 6 embodi - 
ments described above to install a cinching cord onto the 

mitral valve annulus of a human subject , at sequential stages 
in time . In this example , the distal end of the apparatus 25 
is routed through the subject ' s jugular and superior vena 
cava into the right atrium of the subject ' s heart 30 with the 
outer sleeve 60 in its extended position ( as shown in FIG . 1 ) . 
The distal tip is then passed through a puncture in the septum 
using any conventional approach and into the subject ' s left 
atrium 32 . 
[ 0165 ] FIG . 7A depicts the apparatus after the distal end of 
the apparatus has reached the left atrium 32 , and the outer 
sleeve 60 has been partially retracted . The anchor launchers 
74 and the distal loop portion 82 of the cinching cord ( which 
is disposed inside the sleeve 86 ) extend distally beyond the 
distal end of the outer sleeve 60 . The nosecone 100 mounted 
on the shaft 101 is lowered into the left ventricle 33 of the 
subject ' s heart . Note that at this point in the sequence , only 
a portion of the support arms 72 extend distally beyond the 
distal end of the outer sleeve 60 , and the distal loop portion 
of the cinching cord ( within sleeve 86 ) remains partially 
collapsed . 
[ 0166 ] FIG . 7B depicts the same apparatus after the outer 
sleeve 60 has been fully retracted . Now , the anchor launch 
ers 74 , the distal loop portion of the cinching cord ( which is 
disposed inside the sleeve 86 ) , the support arms 72 , the ends 
of the pull wires 76 , the balloon 105 , and the balloon retainer 
78 all extend distally beyond the distal end of the outer 
sleeve 60 . At this point , spring action of the support arms 72 
has opened up the distal loop portion of the cinching cord 
( within sleeve 86 ) significantly . 
[ 0167 ] FIG . 7C depicts the same apparatus after the bal 
loon 105 has been inflated . The balloon retainer 78 prevents 
the balloon 105 from slipping out between the support arms 
72 . The anchor launchers 74 , the distal loop portion of the 
cinching cord ( within the sleeve 86 ) , the support arms 72 , 
the ends of the pull wires 76 , the balloon 105 , and the 
balloon retainer 78 all remain distally beyond the distal end 
of the outer sleeve 60 . At this point , the balloon 105 has 
pushed the support arms away from each other , to help move 
the support arms 72 into a position where they hold the distal 
ends of the anchor launchers 74 at positions that correspond 
to a shape of the annulus , with the distal ends of the anchor 
launchers 74 distributed about a perimeter of the shape of the 
annulus . Preferably , the support arms 72 have been pre 
formed ( as described above in connection with FIG . 6A ) so 
that none of the anchor launchers 74 will be positioned on 
or adjacent to the AV node to prevent potential damage to 
that node . 
[ 0168 ] The distal ends of the anchor launchers 74 are 
pressed against the annulus and , after proper positioning has 
been confirmed ( e . g . using fluoroscopy ) , the anchor launch 
ers 74 are triggered by pulling on the proximal ends of the 
pull wires 76 . This causes each of the anchor launchers 74 
to launch its anchor into the annulus . Preferably , all of the 
anchors launchers 74 are triggered simultaneously . This is 
preferable because before anchors are launched , the struc 
tural shape of the support arms 72 determines the location 
and shape of the distal loop portion 82 of the cinching cord 
around the annulus . ( In contrast , once the distal loop portion 
82 is disconnected from the support arms 72 , it can be very 
difficult to control the shape of the implant . As a result , in 
alternative embodiments in which the anchors are launched 
sequentially instead of simultaneously , the position of each 
anchor launcher 74 might require adjustment prior to 
launching , which can be very challenging . ) 
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[ 0169 ] FIG . 7D depicts the same apparatus immediately 
after the anchors 75 have been launched into the annulus . At 
this point in the sequence , the anchors 75 have been 
deployed , and they hold the distal loop portion 82 of the 
cinching cord ( within the sleeve 86 ) to the annulus . The 
proximal portions 84 of the cinching cord remain connected 
to the distal loop portion of the cinching cord , but the 
delivery system ( e . g . the support arms 72 , the anchor launch 
ers 74 , etc . ) are no longer connected to the distal loop 
portion 82 of the cinching cord . 
[ 0170 ] Next , the balloon 105 is deflated and the balloon 
105 , the support arms 72 , and the anchor launchers 74 are 
pulled back into the outer sleeve 60 as shown in FIG . 8A . 
These components are then pulled further back into the outer 
sleeve 60 as shown in FIG . 8B . The anchors 75 continue to 
hold the distal loop portion 82 of the cinching cord ( within 
the sleeve 86 ) to the annulus 35 , and proximal portions 84 
of the cinching cord remain connected to the distal loop 
portion of the cinching cord . 
[ 0171 ] FIG . 9A is a detail of the proximal portion of the 
apparatus 25 shown in FIG . 5A . This detail depicts a portion 
of the housing 40 , at least one spool 150 , and a removable 
locking pin 155 . The at least one spool 150 is rotatably 
mounted with respect to the housing . The locking pin 155 
selectively either ( a ) prevents the at least one spool 150 from 
rotating when the pin 155 is installed or ( b ) allows the at 
least one spool 150 to rotate when the pin 155 is removed . 
The at least one spool is arranged with respect to the housing 
so that at least a portion of the at least one spool is visible 
from outside the housing . 
[ 0172 ] In some preferred embodiments , the at least one 
spool has spokes 152 that enhance visibility of rotation of 
the at least one spool 150 , and the at least one spool 150 is 
arranged with respect to the housing 40 so that at least a 
portion of the spokes 152 is visible from outside the housing 
40 . In alternative embodiments , the at least one spool has 
markings ( not shown ) that enhance visibility of rotation of 
the at least one spool 150 , and the at least one spool 150 is 
arranged with respect to the housing 40 so that at least a 
portion of the markings is visible from outside the housing 
40 . 
[ 0173 ] FIG . 9B depicts a cutaway view of a preferred 
embodiment in which the at least one spool 150 comprises 
a single spool having ( a ) a first region 150a upon which the 
proximal section of a first extension section of cord 184 is 
wound and ( b ) a second region 150b upon which the 
proximal section of a second extension section of cord is 
wound . The first region 150a and the second region 150b are 
non - overlapping . In alternative embodiments , two indepen 
dent spools ( not shown ) may be used in place of a single 
spool that includes two regions 150a and 150b . 
[ 0174 ] The first and second extension sections of cord 184 
each has a distal end and a proximal section , and the distal 
end of these extension sections is connected to the first and 
second proximal portions 84 of the cinching cord . The 
proximal sections of the first and second extension sections 
or cord 184 are wound on the at least one spool 150 . 
[ 0175 ] Preferably , the entire cinching cord ( including the 
distal loop portion 82 and both proximal portions 84 of the 
cinching cord ) , the first extension section of cord 184 , and 
the second extension section of cord 184 are contiguous 
sections of a single high tensile strength cord . In some 
preferred embodiments , this single cord is a Dyneema cord . 
In some preferred embodiments , this single cord is an 

ultra - high molecular weight polyethylene cord . In alterna 
tive embodiments , the extension sections of cord 184 are not 
contiguous with the cinching cord . Instead , in these embodi 
ments , the distal end of the first extension section of cord 
184 is fastened to the first proximal portion 84 of the 
cinching cord , and the distal end of the second extension 
section of cord 184 is fastened to the second proximal 
portion 84 of the cinching cord ( e . g . using a suitable 
adhesive ) . 
[ 0176 ] The cinching cord has a distal loop portion 82 
( shown in FIG . 8B ) , and first and second proximal portions 
84 ( shown in FIG . 8B ) . The first and second proximal 
portions 84 of the cinching cord extend distally beyond the 
distal end of the core 50 , and run through lumens 52 in the 
core 50 ( shown in FIG . 4A ) . The first and second proximal 
portions 84 of the cinching cord also extend proximally 
beyond the proximal end of the core ( shown in FIG . 5C ) . 
The lumens 52 are dimensioned to slidably accommodate 
the first and second proximal portions 84 of the cinching 
cord and also the first and second extension sections 184 of 
cord . 
[ 0177 ] The cinching cord 82 , 84 , the first and second 
extension sections 184 of cord , the lumens 52 , and the at 
least one spool 150 are configured so that after the distal 
loop portion 82 of the cinching cord is anchored to the 
annulus or into the tissue adjacent to the annulus by the at 
least four anchors 75 ( shown in FIG . 8B ) and the locking pin 
155 ( shown in FIG . 9A ) has been removed , progressive 
movement of the housing 40 in a proximal direction will ( a ) 
cause the core 50 to progressively move in a proximal 
direction with respect to the first and second proximal 
portions 84 of the cinching cord and ( b ) cause the first and 
second extension sections 184 of cord to progressively 
unwind from the at least one spool and be progressively 
drawn into the lumens 52 , respectively . 
[ 0178 ] Preferably , the first and second proximal portions 
84 of the cinching cord and the first and second extension 
sections 184 of cord pass through the lumens 52 with very 
low friction so that when the housing 40 is moved in the 
proximal direction , the anchors that hold the distal loop 
portion 82 of the cinching cord to the annulus will not be 
dislodged . Lumens 52 that have smooth polymer walls ( e . g . 
polyethylene , polyurethane , pebax , etc . ) are suitable for this 
purpose . 
[ 0179 ] Movement of the housing 40 in the proximal 
direction continues , and the extension section of cord 184 
will continue to unwind from the at least one spool 150 until 
the entire apparatus 25 ( shown in FIG . 1 ) has been removed . 
At this point , the distal loop portion 82 of the cinching cord 
remains attached to the annulus ( as shown in FIG . 8B ) , and 
the proximal portions 84 of the cinching cord run from the 
annulus back through the patient ' s vasculature to an exit 
point ( e . g . via the superior vena cava and the jugular vein ) . 
[ 0180 ] The preferred embodiments rely on tissue ingrowth 
to strengthen the bond between the distal loop portion 82 of 
the cinching cord and the annulus . In the FIG . 8B embodi 
ment , the distal loop portion 82 of the cinching cord is 
attached to the annulus by anchoring the sleeve 86 ( through 
which the distal loop portion 82 runs ) to the annulus using 
the anchors 75 . Preferably , the sleeve 86 is made of a 
material that promotes tissue ingrowth ( e . g . , a fabric braid ) . 
Immediately after implantation , the bond between the distal 
loop portion 82 the annulus is typically not strong enough to 
withstand cinching . But because the sleeve 86 is made of 
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material that accepts tissue ingrowth , ingrowth of tissue at 
the annulus into the sleeve 86 will begin to occur after 
implantation . This tissue ingrowth will eventually ( e . g . over 
the course of 2 - 12 weeks ) strengthen the bond between the 
sleeve 86 and the annulus until the bond is strong enough to 
withstand cinching . 
[ 0181 ] It is preferable if the cinching cord 82 , 84 has the 
ability to move freely when cinching is eventually imple 
mented . One preferred approach for facilitating this freedom 
of movement is to line the sleeve 86 with a material that 
inhibits tissue ingrowth ( e . g . , ePTFE , polyurethane , etc . ) 
which will ensure that the distal loop portion 82 of the 
cinching cord will be able to move freely within the sleeve 
86 when cinching is eventually implemented . 
[ 0182 ] During the time that tissue ingrowth is strengthen 
ing the bond between the sleeve 86 and the annulus ( which 
is desirable ) , tissue ingrowth can also occur between the 
proximal portions 84 and the vasculature through which 
those proximal portions travel . The latter type of ingrowth is 
not desirable because it could interfere with the ability of the 
proximal portions 84 to move freely when cinching is 
eventually implemented . One preferred approach for pre 
venting tissue ingrowth between the proximal portions 84 of 
the cinching cord and the vasculature through which those 
proximal portions travel is to ( a ) slide a cord protector over 
the proximal portions of the cinching cord , and ( b ) leave the 
cord protector in place between the time that the distal loop 
portion 82 of the cinching cord is implanted and the time that 
cinching eventually occurs . 
[ 0183 ] FIG . 10A depicts a suitable cord protector for this 
purpose . More specifically , FIG . 10A depicts a cord protec 
tor for preventing tissue ingrowth from interfering with the 
operation of a cinching cord that is implanted in a subject ' s 
body . The cord protector has a flexible elongated body 120 
having a proximal end and a distal end . The elongated body 
120 has first and second lumens 122 that run between the 
proximal end and the distal end of the body 120 . The lumens 
122 are dimensioned to slidably accommodate the proximal 
portions of the cinching cord . The body 120 and the lumens 
122 are configured to facilitate slidable installation of the 
body 120 over the first and second proximal portions of the 
cinching cord such that the elongated body 120 covers the 
first and second proximal portions of the cinching cord , with 
the first and second proximal portions disposed in the first 
and second lumens 122 , respectively . The body 120 prevents 
tissue ingrowth into the elongated body itself , and also 
prevents tissue ingrowth into the first and second proximal 
portions of the cinching cord when the elongated body 120 
covers the first and second proximal portions of the cinching 
cord . 
[ 0184 ] In some embodiments , the body 120 is formed 
from at least one of polyurethane and silicone . In some 
embodiments , the body 120 is formed from Pellethane 55D 
polyurethane . In some embodiments , the body 120 has a 
length between 35 and 65 cm and a diameter between 1 and 
4 mm . In some embodiments , the body 120 has a length 
between 45 and 55 cm and a diameter between 1 . 5 and 2 . 5 
mm . Suitable diameters for the first and second lumen 122 
range between diameter between 0 . 2 and 1 mm . 
[ 0185 ] Optionally , the body 120 may have a third lumen 
123 that is open at the proximal end , closed at the distal end , 
and extends through at least three - fourths of the elongated 
body . This third lumen is dimensioned to slidably accom - 
modate a stiffening wire , which can be useful in situations 

where the body 120 is insufficiently stiff to be guided to its 
intended destination on its own . In some embodiments , the 
diameter of the third lumen 123 is between 0 . 2 and 1 mm . 
[ 0186 ] Optionally , a radio - opaque marker 125 ( e . g . 80 % 
platinum and 20 % iridium , or other alternatives that will be 
apparent to persons skilled in the relevant arts ) may be 
added , preferably disposed near the distal end of the elon 
gated body . Optionally , an ePTFE capping sleeve ( not 
shown ) may be added to the cord protector . 
[ 0187 ] FIG . 10B depicts the cord protector of FIG . 10A 
combined with a set of threading cords 128 . The first and 
second threading cord 128 run through the first and second 
lumens and extend distally beyond the distal end of the 
elongated body . The first and second threading cords 128 are 
configured to draw the first and second proximal portions of 
the cinching cord into the first and second lumens 122 , 
respectively , so that the first and second proximal portions of 
the cinching cord can operate as guidewires over which the 
elongated body 120 can be slid into a position at which the 
distal end of the elongated body 120 is adjacent to the distal 
loop portion of the cinching cord . Suitable materials for the 
threading cords 128 include nitinol and stainless steel . 
Optionally , both the cord protector and the threading cords 
128 may be packaged inside a sterile envelope . 
[ 0188 ] FIG . 11 depicts a method for preventing tissue 
ingrowth from interfering with the cinching of an annulus 
using a cinching cord . In step S10 , the cinching cord is 
manipulated so that ( a ) a distal loop portion of the cinching 
cord ( disposed within a sleeve ) is in the vicinity of the 
annulus and ( b ) the first and second proximal portions of the 
cinching cord run in a proximal direction from the distal 
loop portion of the cinching cord back through the vascu 
lature of the subject ( as depicted in FIG . 7C ) . In step S20 , 
the distal loop portion of the cinching cord is anchored to at 
least one of the annulus and tissue adjacent to the annulus . 
This step is preferably implemented by anchoring the sleeve 
to at least one of the annulus and the tissue adjacent to the 
annulus using a plurality of anchors ( as depicted in FIG . 8B ) . 
10189 ] In step S25 , which is optional , a stiffening member 
( e . g . , a metal wire ) is slid in a proximal to distal direction 
through a third lumen that runs through the elongated cord 
protector . Then , in step S30 , the first and second proximal 
portions of the cinching cord are covered with the cord 
protector which is made from a material that resists tissue 
ingrowth . The covering step may be implemented by sliding 
an elongated cord protector with two lumens over the first 
and second proximal portions of the cinching cord so that the 
proximal portions of the cinching cord pass through the 
lumens ( as depicted in FIG . 12A and FIG . 12B ) . 
10190 . After the anchoring step and the covering step , in 
step S40 we wait for tissue ingrowth to strengthen a bond 
between the distal loop portion of the cinching cord and at 
least one of the annulus and the tissue adjacent to the 
annulus . In some embodiments , the waiting step comprises 
waiting at least two weeks . But it is often preferable to wait 
at least two months to ensure that the bond is strong enough 
to withstand cinching . In many cases , waiting at least three 
months is advisable to ensure that the bond is strong enough 
to withstand cinching . 
[ 0191 ] After the waiting step , the cord protector is 
removed in step S50 ( as depicted in FIG . 13A ) . 
[ 0192 ] The annulus is then cinched in step S60 by pulling 
the first and second proximal portions of the cinching cord 
so as to reduce a diameter of the annulus . Cinching may be 
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implemented by advancing a thrust tube 130 in a distal 
direction over the first and second proximal portions 84 of 
the cinching cord until the thrust tube 130 reaches the distal 
loop portion 82 of the cinching cord and subsequently 
pressing the thrust tube 130 in a distal direction while 
pulling the first and second proximal portions 84 of the 
cinching cord in a proximal direction ( as depicted in FIG . 
13B ) . 
[ 0193 ] After the cinching step , the cinching cord is fas 
tened in step 870 so that the cinching cord holds the annulus 
in a reduced diameter state . This step may be implemented 
by fastening two portions of the cinching cord together using 
at least one of a knot , a clamp , and a crimped fastener . 
[ 0194 ] Note that FIGS . 2 and 6 depicts the support arms 72 
holding the distal loop portion 82 of the cinching cord in a 
round configuration prior to implantation , and FIGS . 8 , 12 , 
and 13 show the distal loop portion 82 in a round configu 
ration subsequent to implantation . In alternative embodi 
ments ( e . g . for installation in a human mitral valve annulus , 
which is D - shaped ) the support arms 72 are shaped to hold 
the distal loop portion 82 of the cinching cord in a D - shaped 
configuration prior to implantation , which will result in a 
D - shaped distal loop portion 82 subsequent to implantation . 
[ 0195 ] FIG . 14 depicts an alternative embodiment that is 
similar to the FIG . 1 - 8 embodiment discussed above , except 
that the FIG . 14 embodiment includes a second balloon 
mounted on a second shaft . More specifically , the FIG . 14 
embodiment adds a second shaft 108 that is slidably dis 
posed within the main channel 55 . This second shaft had a 
second inflation lumen . The FIG . 14 embodiment also adds 
an inflatable second balloon 107 mounted to the second shaft 
108 and connected to the second inflation lumen so as to 
permit inflation of the second balloon 107 via the second 
inflation lumen . The second balloon 107 is disposed distally 
beyond the first balloon 105 . The second shaft 108 is 
preferably coaxially arranged with respect to the first shaft 
106 ( i . e . , the shaft for the first balloon 105 ) , with the first 
shaft 106 disposed and configured so that both shafts can 
move independently in a proximal - to - distal direction . 
10196 ] In some preferred embodiments , the second shaft 
108 is the innermost shaft , and the first shaft 106 ( shown in 
FIG . 3 ) coaxially surrounds the second shaft 108 , and the 
core 50 ( also shown in FIG . 3 ) coaxially surrounds the first 
shaft 106 . Optionally , a lumen ( not shown ) dimensioned to 
accommodate a guidewire may be disposed within the 
second shaft 108 . In some preferred embodiments , this 
lumen is dimensioned to accommodate a 0 . 035 inch diam - 
eter guidewire . 
[ 0197 ] In some embodiments ( including the embodiment 
depicted in FIG . 14 ) , the second shaft 108 extends distally 
beyond the nosecone 100 and the second balloon 107 is 
located distally beyond the nosecone 100 . In these embodi 
ments , the nosecone 100 may be mounted to the second shaft 
108 ( i . e . the same shaft to which the second balloon 107 is 
mounted ) , or alternatively , the nosecone 100 may be 
mounted on its own dedicated third shaft ( not shown ) . In the 
latter situation , the third shaft is preferably slidably disposed 
within the main channel 55 , and the nosecone 100 is 
movable between a proximal position and a distal position 
by slidably adjusting the position of the third shaft . The third 
shaft is preferably coaxially arranged with respect to the first 
shaft 106 and the second shaft 108 , and configured so that 
all three shafts can move independently in a proximal - to 
distal direction . 

( 0198 ] In alternative embodiments ( not shown ) the nosec 
one 100 is located distally beyond the second balloon 107 . 
In these embodiments , the nosecone 100 may be mounted to 
a portion of the same second shaft 108 that extends distally 
beyond the second balloon 107 . 
[ 0199 ] It is preferable to launch the anchor launchers 74 
when the distal ends of the anchor launchers are pressed 
against the annulus or against the tissue adjacent to the 
annulus , and the second balloon 107 can be used in different 
ways to help press the anchor launchers against the annulus 
or tissue depending on the anatomical context in which the 
cinching cord is being installed . 
[ 0200 ] In one example , when the cinching cord is being 
installed at the tricuspid valve annulus , the distal assembly 
70 ( shown in FIG . 6B ) is positioned in the right atrium and 
the second balloon 107 ( shown in FIG . 14 ) is advanced in 
the deflated state into the pulmonary artery past the bifur 
cation ( i . e . , into the right pulmonary artery or into the left 
pulmonary artery ) . The second balloon 107 is been inflated . 
When the second balloon 107 is inflated at this position , it 
will act as a temporary anchor to assist in maneuvering the 
distal assembly 70 toward the annulus plane and gently press 
the ring against the annulus during anchor deployment . 
[ 0201 ] In another example , when the cinching cord is 
being installed at the mitral valve annulus , when the second 
balloon 107 is positioned near the middle of the subject ' s 
ventricle ( e . g . , the left ventricle 33 ) and inflated , movement 
of the heart walls and / or movement of the blood traveling 
through the heart during a selected portion of the cardiac 
cycle ( e . g . , one of systole , diastole , etc . ) will exert a force 
that urges the second balloon 107 towards the apex of the 
heart . This phenomenon can be taken advantage of to press 
the distal ends of the anchor launchers 74 against the 
annulus . The second balloon 107 and the assembly that 
includes the anchor launchers 74 are supported by the same 
supporting member ( e . g . , the core 50 depicted in FIG . 3 ) . 
The triggering of the anchor launchers 74 can then be timed 
to coincide with the pressing that occurs during the selected 
portion of the cardiac cycle . 
[ 0202 ] FIG . 15 is a flowchart of a method for using the 
dual - balloon embodiment of FIG . 14 to implement a method 
for implanting an annulus ring or a cinching cord to a heart 
valve annulus ( or into tissue adjacent to the annulus ) . The 
annulus is disposed between an atrium and a ventricle of the 
heart . This method includes step S100 in which an assembly 
is delivered into the atrium . The assembly includes ( a ) the 
annulus ring or the cinching cord , ( b ) a plurality of anchors 
connected to the annulus ring or the cinching cord , and ( c ) 
a plurality of anchor launchers configured to launch the 
anchors into the annulus or into the tissue adjacent to the 
annulus . The assembly is supported by a supporting member 
( e . g . , the core 50 , shown in FIG . 3 ) . 
[ 0203 ] Next , in step S110 , the assembly is positioned such 
that the annulus ring or the cinching cord is adjacent to the 
annulus or the tissue adjacent to the annulus on the atrium 
side of the annulus . In step S120 , an inflatable balloon is 
advanced into the ventricle . The balloon is supported by the 
same supporting member that supports the assembly . In step 
S130 , the balloon is inflated while the balloon is in the 
ventricle . The position of the balloon within the ventricle is 
adjusted in step S140 so that when the selected portion of the 
cardiac cycle occurs while the balloon is inflated , forces on 
the balloon will urge the balloon toward the apex of the 
heart , which will urge the supporting member toward the 
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apex of the heart , which will urge the annulus ring or the 
cinching cord towards the annulus or towards the tissue 
adjacent to the annulus . Next , in step S150 , while the 
inflated balloon is at the adjusted position , a time when the 
selected portion of the cardiac cycle is occurring is deter 
mined . 
[ 0204 ] The anchor launchers are triggered in step S160 
( e . g . , by actuating the trigger 47 after removal of the locking 
pin 48 , both shown in FIG . 5C ) so that the anchor launchers 
launch the anchors into the annulus or into the tissue 
adjacent to the annulus during the selected portion of the 
cardiac cycle while the inflated balloon is at the adjusted 
position . 
[ 0205 ] In some embodiments , the determining in step 
S150 comprises detecting when the supporting member is 
being pulled in a distal direction . In some embodiments , the 
advancing in step S120 comprises sliding a shaft to which 
the inflatable balloon is mounted in a distal direction with 
respect to the supporting member . In some embodiments , the 
positioning in step S110 comprises inflating the first balloon 
105 between a plurality of support arms 72 that support the 
anchor launchers 74 so that the additional balloon 105 
pushes the support arms 72 away from each other ( as 
depicted above in FIG . 7C ) . 
[ 0206 ] In some embodiments , the delivering in step S100 
comprises introducing the annulus ring or the cinching cord , 
the anchors , and the anchor launchers into the atrium while 
the cinching cord , the anchors , and the anchor launchers are 
collapsed within an outer sleeve ; and retracting the outer 
sleeve so that the cinching cord , the anchors , and the anchor 
launchers extend beyond a distal end of the outer sleeve . 
[ 0207 ] FIG . 16 depicts a variation of the FIG . 6A embodi 
ment in which the cinching cord has been replaced by an 
annulus ring . In this embodiment , instead of implanting the 
distal loop portion 82 of a cinching cord into the annulus so 
that the proximal portions 84 of the cinching cord extend 
back through the core 50 ( as described above in connection 
with FIG . 6A ) , a closed annulus ring 182 is implanted into 
the annulus or into tissue adjacent to the annulus . Preferably , 
the annulus ring 182 is surrounded by a sleeve 186 in a 
manner similar to the way that the distal loop portion 82 of 
the cinching cord was enclosed in a sleeve 86 in the FIG . 6A 
embodiment . Similarly , the cinching cord in any of the other 
embodiments discussed above can be replaced with an 
annulus ring . 
[ 0208 ] When the apparatus 25 described above in connec 
tion with FIGS . 1 - 9 and 14 is withdrawn from the patient ' s 
body , the possibility exists that a component ( e . g . , the 
anchor launchers 74 , the support arms 72 , the balloon 105 , 
the outer sleeve 60 , etc . ) that is moving in a proximal 
direction will grab against the proximal portions of the 
cinching cord 84 . ( See , for example , FIGS . 8A and 8B . ) If 
this occurs , the forces on the proximal portions of the 
cinching cord 84 would pull on the distal loop portion of the 
cinching cord 82 , and those forces might be sufficient to 
dislodge one or more of the anchors 75 from the annulus 35 . 
[ 0209 ] FIGS . 17 and 18 depict one optional approach to 
prevent dislodgment of the anchors 75 in these circum 
stances . This embodiment is similar to the FIG . 1 - 9 embodi 
ment described above , but adds additional components 
210 - 222 reduce the risk of dislodgment . FIG . 17 depicts the 
distal portion of the apparatus just prior to launching of the 
anchors 75 from the anchor launchers 74 ; and FIG . 18 

depicts the same apparatus after the anchors 75 have been 
implanted in the annulus 35 and withdrawal of the apparatus 
has begun . 
10210 ] As best seen in FIGS . 1 , 3 , and 4A , the apparatus 
includes a housing 40 and an elongated core 50 mounted 
with respect to the housing 40 . The core has at least one 
second channel 52 that runs through the core in a proximal 
to - distal direction , and at least one fourth channel ( not 
shown ) that runs through the core in a proximal - to - distal 
direction . These fourth channels resemble the second chan 
nels 52 described above in connection with FIG . 4A . In 
some preferred embodiments , there are two second channels 
and two fourth channels . 
[ 0211 ] A cinching cord has a distal loop portion and first 
and second proximal portions 84 . The proximal portions of 
the cinching cord are slidably disposed within the at least 
one second channel and extend distally beyond the distal end 
of the core . In some preferred embodiments , each proximal 
portion of the cinching cord is disposed within its own 
individual lumen . 
[ 0212 ] Turning now to FIG . 17 , at least four support arms 
72 are mounted to the core and extend distally beyond the 
distal end of the core . At least four anchors 75 ( shown in 
FIG . 18 ) are configured to anchor the distal loop portion of 
the cinching cord into the annulus or into the tissue adjacent 
to the annulus . ( Note that in FIG . 17 , the distal loop portion 
of the cinching cord is covered by a sleeve 86 of material 
that promotes tissue ingrowth . ) At least four anchor launch 
ers 74 are supported by a respective one of the support arms 
72 , and each anchor launcher is configured to launch a 
respective one of the anchors into the annulus or into the 
tissue adjacent to the annulus . 
10213 ) At least one wire 215 is slidably disposed within 
the at least one fourth channel . Each of these wires has a 
distal end that extends distally beyond the distal end of the 
core , and has a proximal end that extends proximally beyond 
the fourth channel . In some preferred embodiments , the at 
least one wire comprises two wires , and the at least one 
fourth channel comprises two channels , with each of the two 
wires slidably disposed within a respective one of the two 
channels . In some preferred embodiments , each of these 
wires 215 is a Nitinol wire with a diameter between 0 . 3 and 
0 . 5 mm ( e . g . , 0 . 4 mm ) . 
[ 0214 ] A pushing member 210 is affixed to the distal end 
of the at least one wire 215 such that pushing the proximal 
end of the at least one wire 215 in a distal direction will push 
the pushing member 210 in a distal direction . In some 
embodiments ( including the FIG . 17 embodiment ) , the 
pushing member 210 is a hollow cylinder aligned so that an 
axial axis of the hollow cylinder is parallel to the at least one 
wire 215 , and the first proximal portion and the second 
proximal portion of the cinching cord 84 pass through the 
interior of the hollow cylinder and are slidably disposed 
therein . In some embodiments , the pushing member 210 is 
a hollow cylinder that is laser cut from a nitinol tube with an 
outer diameter between 1 . 25 and 2 mm ( e . g . , 1 . 63 mm ) . In 
some embodiments , the hollow cylinder has relatively large 
wall thickness ( e . g . , 0 . 23 mm ) , and the edges of the cylinder 
are radiused ( e . g . , by electropolishing ) to reduce the risk of 
damaging the proximal portions of the cinching cord 84 
when those proximal portions slide through the cylinder . 
[ 0215 ] It is preferable to use a plurality of wires 215 that 
terminate on the pushing member 210 ( as compared to a 
single wire 215 ) to improve pushability and stability . 
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[ 0216 ] The FIG . 17 / 18 embodiment also includes an 
optional crush resistant channel 220 disposed distally 
beyond the distal end of the core . Preferably , the inner walls 
of the crush resistant channel 220 are made from a low 
friction material . The first and second proximal portions of 
the cinching cord 84 are slidably disposed within this crush 
resistant channel . Preferably , the space between the distal 
end of the core and the proximal end of the crush resistant 
channel is kept as small as possible . In some embodiments , 
this crush resistant channel 220 is configured so that prior to 
launching of the anchors , the crush resistant channel 220 
extends all the way to the pushing member 210 , as depicted 
in FIG . 17 . One suitable approach for implementing this 
crush resistant channel 220 is to use a Pebax tube reinforced 
by a polyester braid , with an inner diameter on the order of 
1 mm . The crush resistant channel 220 prevents the support 
arms 72 and the anchor launchers 74 from grabbing against 
the proximal portions of the cinching cord 84 ( which passes 
through the crush resistant channel 220 ) when those com 
ponents 72 , 74 are withdrawn . 
[ 02171 . In some embodiments , the crush resistant channel 
220 is supported by at least one support arm that is affixed 
to the core . These support arms may have a similar con 
struction to the support arms 72 that hold the anchor 
launchers 74 , and may be connected to the core in the same 
way as those support arms 72 , as described above . The crush 
resistant channel 220 may be attached to its support arm 
using , for example , heat shrink tubing and / or an adhesive . 
[ 0218 ] . After the anchor launchers have been maneuvered 
to the desired position adjacent to the annulus 35 , launching 
of the anchors proceeds in the same way as described above 
in connection with FIGS . 7A - 7D . 
[ 0219 ] Turning now to FIG . 18 , after the anchors have 
been launched , the distal loop portion of the cinching cord 
( which , in FIG . 18 , runs through the interior of sleeve 86 ) is 
anchored to the annulus 35 ( or into the tissue adjacent to the 
annulus ) by the anchors 75 . The core is then pulled back 
through the outer sleeve 60 , which causes the support arms 
72 and the crush resistant channel 220 to move in a proximal 
direction . While the core is pulled back , an operator pushes 
the wires 215 in a distal direction , which will urge the 
pushing member 210 against the tissue of the annulus 35 , as 
depicted in FIG . 18 . Because the proximal portions of the 
cinching cord 84 are threaded through a passage that extends 
through the pushing member 210 in a proximal to distal 
direction ( e . g . the interior of a hollow cylinder ) , the distal 
end of the pushing member will hold the proximal portions 
of the cinching cord 84 against the tissue . This will hinder 
dislodgement of the anchors 75 during the movement of the 
housing in the proximal direction , by eliminating ( or at least 
reducing ) forces that might otherwise tend to pull the 
anchors 75 out of the tissue . 
[ 0220 ] Progressive movement of the housing 40 ( shown in 
FIG . 1 ) in a proximal direction will cause the core 50 ( also 
shown in FIG . 1 ) to progressively move in a proximal 
direction with respect to the first and second proximal 
portions of the cinching cord 84 . The point in time depicted 
in FIG . 18 is when the core has been withdrawn a few 
centimeters , so that the support arms 72 and the anchor 
launchers 74 begin to collapse and are pulled back into the 
outer sheath 60 . Because the proximal portions of the 
cinching cord 84 pass through the crush resistant channel 
220 , that channel will protect the proximal portions of the 
cinching cord 84 from being grabbed by the support arms 72 

and the anchor launchers 74 when those components are 
moved in a proximal direction . 
[ 0221 ] Withdrawal of the entire apparatus then proceeds 
while the operator continues to press the wires 215 in a distal 
direction . Once the entire apparatus 25 has been removed , 
the operator can release the distal pressure on the wires 215 , 
and pull those wires out of the patient ' s body in a proximal 
direction . The wires 215 will pull the pushing member 210 
out of the patient ' s body . As this occurs , the proximal 
portions of the cinching cord 84 will slide through the 
passage in the interior of the pushing member 210 until the 
pushing member 210 has been completely withdrawn . 
[ 0222 ] FIG . 19 depicts another embodiment that is similar 
to the embodiment described above in connection with FIG . 
14 , but ( a ) deletes the nosecone from the FIG . 14 embodi 
ment ; and ( b ) replaces the outer sleeve 60 of the FIG . 14 
embodiment with a two - part sleeve that includes a first 
sleeve 62 and a second sleeve 65 . Note that this two - part 
sleeve configuration may be used in place of the single outer 
sleeve 60 in any of the embodiments described herein . 
[ 0223 ] The first sleeve 62 in the FIG . 19 embodiment is 
similar to the outer sleeve 60 in the FIG . 14 embodiment , 
except that the first sleeve 62 is shorter than the outer sleeve 
60 in the FIG . 14 embodiment . More specifically , the length 
of the first sleeve 62 is such that even when the first sleeve 
62 is in its most extended position , the anchor launchers are 
not covered by the first sleeve 62 . 
[ 0224 ] A second sleeve 65 is disposed at the distal end of 
the apparatus , and this second sleeve 65 covers the distal end 
of the first sleeve 62 and extends distally beyond the distal 
end of the first sleeve 62 to cover the anchor launchers . The 
inner diameter of the second sleeve 65 is slightly larger than 
the outer diameter of the first sleeve 62 in order to permit the 
first sleeve 62 to slide within the second sleeve 65 . The 
second sleeve 65 is preferably configured so that it can be 
torn apart ( e . g . , by pulling on tabs 66 ) and removed . An 
example of a commercially available component that is 
suitable for use as the second sleeve 65 is the 22 French 
outer sleeve component from the Cook Medical Peel 
Away® introducer set ( Ref . Nos . C - PLI - 22 . 0 - 38 and 
G04518 ) . 
[ 0225 ] This embodiment is particularly useful for access 
ing the tricuspid annulus when used in conjunction with an 
introducer sheath such as the GORE® DrySeal Sheath , 
which should have the same outer diameter as the second 
sleeve 65 ( e . g . , 22 French ) . To access the tricuspid annulus 
using this embodiment , the distal end of a GORE® DrySeal 
Sheath is introduced via the jugular and advanced until it 
enters the right atrium . A guide wire is then routed through 
the DrySeal Sheath , through the annulus into the right 
ventricle , and into the pulmonary artery until it passes the 
bifurcation in the pulmonary artery in either direction , and 
enters either the right pulmonary artery or the left pulmonary 
artery . 
[ 0226 ] The distal balloon 107 ( shown in FIG . 14 ) is 
advanced over the guidewire and into the DrySeal Sheath . 
The entire device ( including , but not limited to the second 
sleeve 65 ) is then advanced in a distal direction until the 
distal end of the second sleeve 65 reaches the proximal 
entrance of the DrySeal Sheath . Because the outer diameter 
of the second sleeve 65 is the same as the outer diameter of 
the DrySeal Sheath , the second sleeve 65 will not be able to 
move into the DrySeal Sheath . The distal balloon 107 is 
threaded over the guidewire . Next , the entire device except 
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for the second sleeve 65 ( which is blocked by the DrySeal 
Sheath ) is advanced in a distal direction , so that the first 
sleeve 62 slides in a distal direction within the second sleeve 
65 . The distal assembly 70 will slide through the second 
sleeve 65 and into the DrySeal Sheath , after which the distal 
end of the first sleeve 62 will slide into the DrySeal Sheath . 
At this point , the operator pulls on the tabs 66 of the second 
sleeve 65 and removes that sleeve . Subsequently , advancing 
of the entire device continues until the distal assembly 70 
exits the distal end of the DrySeal Sheath . At this point , the 
DrySeal Sheath may be withdrawn a few centimeters to 
improve maneuverability of the distal assembly 70 within 
the right atrium . 
10227 ] The distal assembly 70 is then advanced with 
respect to the first sleeve 62 and the DrySeal Sheath , until 
the support arms 72 can pop open due to spring action or a 
shape - memory effect . The distal balloon is then moved into 
the pulmonary artery beyond the bifurcation in either direc 
tion and inflated . The orientation of the distal assembly 70 
is adjusted e . g . , using the controls 42 or by moving the entire 
housing 40 so as to approach the annulus . Fluoro guidance 
may be used for this purpose , optionally relying on the radio 
opaque sleeves 98 . The proximal balloon 105 is inflated to 
help spread the support arms 72 and so that the distal 
assembly will move as a single unit . Optionally , the shaft 
106 of the proximal balloon 105 may be locked at this point . 
Additional adjustments to the orientation of the distal assem 
bly are made , and the anchors are launched by actuating the 
trigger 47 for the spring - loaded actuator 46 . 
[ 0228 ] Pressure is applied to the pushing member 210 by 
pushing the wires 215 distally , the balloons are deflated , and 
the DrySeal Sheath is advanced in a distal direction until the 
support arms 72 begin to collapse . The entire device is then 
withdrawn by moving the housing 40 in a proximal direc 
tion . The distal pressure on the pushing member 210 will 
squeeze the proximal portions of the cinching cord 84 
against the tissue , which will prevent dislodgment of the 
anchors as described above . Continued withdrawal of the 
housing 40 will pull the support arms and the anchor 
launchers 74 in a proximal direction through the DrySeal 
Sheath ( while pushing on the pushing member 210 contin 
ues ) until only the cinching cord 82 , 84 the surrounding 
sleeve 86 , the anchors 75 , the pushing members 210 , and the 
pushing wires 215 remain . Finally , the pushing members 
210 , the pushing wires 215 , and the DrySeal Sheath are 
withdrawn . 
[ 0229 ] While the present invention has been disclosed 
with reference to certain embodiments , numerous modifi 
cations , alterations , and changes to the described embodi 
ments are possible without departing from the sphere and 
scope of the present invention , as defined in the appended 
claims . Accordingly , it is intended that the present invention 
not be limited to the described embodiments , but that it has 
the full scope defined by the language of the following 
claims , and equivalents thereof . 

What is claimed is : 
1 . An apparatus for delivering an annulus ring or a 

cinching cord to the vicinity of an annulus , the apparatus 
comprising : 

an elongated core having a distal end and a channel that 
runs through the core in a proximal - to - distal direction ; 

at least four support arms mounted to the core that extend 
distally beyond the distal end of the core ; 

at least four anchor launchers , each of the anchor launch 
ers having a distal end , wherein each of the anchor 
launchers is supported by a respective one of the 
support arms , 

a first shaft disposed within the channel , the first shaft 
having a first inflation lumen ; 

an inflatable first balloon mounted to the first shaft and 
connected to the first inflation lumen so as to permit 
inflation of the first balloon via the first inflation lumen , 
wherein the first balloon is configured so that when the 
first balloon is inflated at a first position , the first 
balloon will push the support arms away from each 
other ; 

a second shaft slidably disposed within the channel , the 
second shaft having a second inflation lumen ; and 

an inflatable second balloon mounted to the second shaft 
and connected to the second inflation lumen so as to 
permit inflation of the second balloon via the second 
inflation lumen , wherein the second balloon is disposed 
distally beyond the first balloon . 

2 . The apparatus of claim 1 , wherein the first shaft is 
slidably disposed within the channel , and the first balloon is 
movable to the first position by slidably adjusting a position 
of the first shaft . 

3 . The apparatus of claim 2 , wherein the first balloon is 
movable to a second position that is within the channel and 
proximal of the support arms by slidably adjusting a position 
of the first shaft . 

4 . The apparatus of claim 1 , further comprising an outer 
sleeve disposed around the core , the outer sleeve having a 
distal end , 

wherein the outer sleeve is slidable with respect to the 
core between an extended position and a retracted 
position , 

wherein , when the outer sleeve is in the extended position , 
the support arms , the anchor launchers , and the first 
balloon are disposed within the outer sleeve , and 

wherein , when the outer sleeve is in the retracted position , 
the anchor launchers and at least a portion of the 
support arms extend distally beyond the distal end of 
the outer sleeve . 

5 . The apparatus of claim 4 , further comprising a nosec 
one that is movable between a proximal position and a distal 
position , such that when the nosecone is in the proximal 
position and the outer sleeve is in the extended position , the 
nosecone is disposed at the distal end of the outer sleeve . 

6 . The apparatus of claim 5 , wherein the second shaft 
extends distally beyond the nosecone and the second balloon 
is located distally beyond the nosecone . 

7 . The apparatus of claim 5 , wherein the nosecone is 
mounted to the second shaft , and the nosecone is movable 
between the proximal position and the distal position by 
slidably adjusting a position of the second shaft . 

8 . The apparatus of claim 5 , wherein the first shaft is 
slidably disposed within the channel , wherein the first bal 
loon is movable to the first position by slidably adjusting a 
position of the first shaft , wherein the second shaft extends 
distally beyond the nosecone and the second balloon is 
located distally beyond the nosecone , wherein the nosecone 
is mounted to the second shaft , and wherein the nosecone is 
movable between the proximal position and the distal posi 
tion by slidably adjusting a position of the second shaft . 

9 . The apparatus of claim 5 , further comprising a third 
shaft slidably disposed within the channel , wherein the 

bot 
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nosecone is mounted to the third shaft , and the nosecone is 
movable between the proximal position and the distal posi 
tion by slidably adjusting a position of the third shaft . 

10 . The apparatus of claim 5 , wherein the nosecone is 
located distally beyond the second balloon . 

11 . The apparatus of claim 1 , further comprising : 
a cinching cord ; and 
at least four anchors , wherein each of the anchors is 

disposed in a respective one of the anchor launchers 
and connected to the cinching cord , 

wherein the support arms are configured to hold the distal 
ends of the anchor launchers at positions that corre 
spond to a shape of the annulus , with the distal ends of 
the anchor launchers distributed about a perimeter of 
the shape of the annulus . 

12 . The apparatus of claim 1 , further comprising : 
an annulus ring ; and 
at least four anchors , wherein each of the anchors is 

disposed in a respective one of the anchor launchers 
and connected to the annulus ring , 

wherein the support arms are configured to hold the distal 
ends of the anchor launchers at positions that corre 
spond to a shape of the annulus , with the distal ends of 
the anchor launchers distributed about a perimeter of 
the shape of the annulus . 

13 . The apparatus of claim 1 , wherein the at least four 
support arms comprises at least eight support arms , and 
wherein the at least four anchor launchers comprises at least 
eight anchor launchers . 

14 . The apparatus of claim 1 , wherein the annulus is a 
mitral valve annulus . 

15 . The apparatus of claim 1 , wherein the annulus is a 
tricuspid valve annulus . 

16 . A method for implanting an annulus ring or a cinching 
cord to a heart valve annulus or into tissue adjacent to the 
annulus , wherein the annulus is disposed between an atrium 
and a ventricle of the heart and wherein the heart has an 
apex , the method comprising : 

delivering an assembly into the atrium , wherein the 
assembly includes ( a ) the annulus ring or the cinching 
cord , ( b ) a plurality of anchors connected to the annulus 
ring or the cinching cord , and ( c ) a plurality of anchor 
launchers configured to launch the anchors into the 
annulus or into the tissue adjacent to the annulus , 
wherein the assembly is supported by a supporting 
member ; 

positioning the assembly such that the annulus ring or the 
cinching cord is adjacent to the annulus or the tissue 
adjacent to the annulus on the atrium side of the 
annulus ; 

advancing an inflatable balloon into the ventricle , wherein 
the balloon is supported by the supporting member ; 

inflating the balloon while the balloon is in the ventricle ; 
adjusting a position of the balloon within the ventricle so 

that when a selected portion of the cardiac cycle occurs 
while the balloon is inflated , forces on the balloon will 
urge the balloon toward the apex of the heart , which 
will urge the supporting member toward the apex of the 
heart , which will urge the annulus ring or the cinching 
cord towards the annulus or towards the tissue adjacent 
to the annulus ; 

determining a time when the selected portion of the 
cardiac cycle is occurring while the inflated balloon is 
at the adjusted position ; 

triggering the anchor launchers so that the anchor launch 
ers launch the anchors into the annulus or into the tissue 
adjacent to the annulus during the selected portion of 
the cardiac cycle while the inflated balloon is at the 
adjusted position . 

17 . The method of claim 16 , wherein the determining 
comprises detecting when the supporting member is being 
pulled in a distal direction . 

18 . The method of claim 16 , wherein the advancing 
comprises sliding a shaft to which the inflatable balloon is 
mounted in a distal direction with respect to the supporting 
member . 

19 . The method of claim 16 , wherein the positioning 
comprises inflating an additional balloon between a plurality 
of support arms that support the anchor launchers so that the 
additional balloon pushes the support arms away from each 
other . 

20 . The method of claim 16 , wherein the delivering 
comprises : 

introducing the annulus ring or the cinching cord , the 
anchors , and the anchor launchers into the atrium while 
the cinching cord , the anchors , and the anchor launch 
ers are collapsed within an outer sleeve ; and 

retracting the outer sleeve so that the cinching cord , the 
anchors , and the anchor launchers extend beyond a 
distal end of the outer sleeve . 

21 . The method of claim 16 , wherein the valve annulus is 
a mitral valve annulus . 

22 . The method of claim 16 , wherein the valve annulus is 
a tricuspid valve annulus . 

23 . A method for implanting an annulus ring or a cinching 
cord to a tricuspid valve annulus or into tissue adjacent to the 
annulus , the method comprising : 

delivering an assembly into a right atrium , wherein the 
assembly includes ( a ) the annulus ring or the cinching 
cord , ( b ) a plurality of anchors connected to the annulus 
ring or the cinching cord , and ( c ) a plurality of anchor 
launchers configured to launch the anchors into the 
annulus or into the tissue adjacent to the annulus , 
wherein the assembly is supported by a supporting 
member ; 

positioning the assembly such that the annulus ring or the 
cinching cord is adjacent to the annulus or the tissue 
adjacent to the annulus on the right atrium side of the 
annulus ; 

advancing an inflatable balloon in a deflated state into a 
pulmonary artery , wherein the balloon is supported by 
the supporting member ; 

inflating the balloon while the balloon is in the pulmonary 
artery , so as to anchor the balloon at a location ; 

adjusting a position of the assembly while the balloon 
remains anchored at the location so as to press the 
annulus ring or the cinching cord towards the annulus 
or towards the tissue adjacent to the annulus ; 

launching the anchors into the annulus or into the tissue 
adjacent to the annulus after the adjusting ; 

deflating the balloon ; and 
withdrawing the assembly . 
24 . The method of claim 23 , wherein the pulmonary artery 

is a right pulmonary artery . 
25 . The method of claim 23 , wherein the pulmonary artery 

is a left pulmonary artery . 
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26 . The method of claim 23 , wherein the advancing 
comprises sliding a shaft to which the inflatable balloon is 
mounted in a distal direction with respect to the supporting 
member . 

27 . The method of claim 23 , wherein the positioning 
comprises inflating an additional balloon between a plurality 
of support arms that support the anchor launchers so that the 
additional balloon pushes the support arms away from each 
other . 

28 . The method of claim 23 , wherein the delivering 
comprises introducing the annulus ring or the cinching cord , 
the anchors , and the anchor launchers into the right atrium 
while the cinching cord , the anchors , and the anchor launch 
ers are collapsed within an outer sleeve . 

* * * * * 


