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HEART VALVE TREATMENT DEVICE AND sinus . Another is insertion of a stitch or clip into the mitral 
METHOD valve leaflets to hold them together . Another is insertion of 

a new prosthetic valve percutaneously . 
CROSS - REFERENCE TO RELATED WO2006 / 064490 ( Mednua ) describes a device with a 

APPLICATIONS generally cylindrical treatment element for location between 
a pair of valve leaflets . The device occludes the valve 

This application is a continuation of U.S. patent applica- opening to resist retrograde flow . A tether extends into the 
tion Ser . No. 16 / 443,792 , filed Jun . 17 , 2019 , now U.S. Pat . ventricle and is connected to an anchor engaging the ven 
No. 10,682,231 , which is a continuation of U.S. patent tricle wall to support the device . 
application Ser . No. 15 / 514,204 , filed Mar. 24 , 2017 , now 10 WO2007 / 144865 ( Mednua ) also describes a device for 
U.S. Pat . No. 10,383,729 , which is a national phase of treatment of a mitral valve , located in the region of co International PCT Patent Application Serial No. PCT / aptation of the native leaflets . An anchor element anchors the EP2015 / 072388 , filed Sep. 29 , 201 which claims the device to the ventricle wall at the apex of the ventricle . benefit of EP Patent Application Serial No. 15168947.8 , WO2009 / 053952 ( Mednua ) describes a percutaneous filed May 22 , 2015 , EP Patent Application Serial No. 15 approach in which a treatment element is located between a 14190855.8 , filed Oct. 29 , 2014 and EP Patent Application 
Serial No. 14186930.4 , filed Sep. 29 , 2014 , the entire pair of valve leaflets . A support has an anchor with for 
contents of each of which are incorporated herein by refer example a screw for engaging heart wall tissue . The treat 

ment element comprises a hydrogel . 
US2013 / 0090728 ( Edwards Lifesciences AG ) describes 

INTRODUCTION an approach in which a mitral valve flow improvement 
device is percutaneously inserted . It has a prosthetic mitral 

Field of the Invention valve leaflet , and a tissue - pe ating anchor . Blood flow 
from the left ventricle to the left atrium expands the pros 

The invention relates to surgical devices and methods , 25 thetic leaflet into the closed state so that it is umbrella 
specifically for treating the heart . shaped . Support for the device is provided by either a 

In particular the invention relates to treating leaking heart stent - like support or by anchors which engage tissue within 
valves , such as the atrioventricular ( AV ) valves . the heart . 

The heart contains four valves , two semilunar , the aortic US2013 / 0325110 ( Edwards Lifesciences Corp. ) describes 
and pulmonary valves , and two AV valves , the mitral and 30 devices for improving the functioning of a defective heart 
tricuspid valves . The heart fills with blood from the lungs valve . A locking mechanism locks position of a co - apting 
and body when the AV valves are open . When the heart element within the tricuspid valve ( TV ) and relative to a 
pumps or contracts , the AV valves close and prevent the fixed anchor rail . The locking mechanism is a collet mecha 
blood from regurgitating backwards . The semilunar valves nism which locks a catheter onto the anchor rail , which runs 
open when the heart pumps allowing the blood to flow into 35 through the catheter . The catheter and rail exit the subclavian 
the aorta and main pulmonary artery . vein ( SV ) at a puncture and remain implanted . The locking 

mechanism remains external , on a coil of the catheter / rail . 
Prior Art Discussion An alternative arrangement is crimping the catheter onto the 

rail near the entry point . 
Dysfunction of the cardiac AV valves is common and can 40 US2013 / 0338763 ( Edwards Lifesciences ) also describes a 

have profound clinical consequences . Failure of the AV heart valve co - aptation system with a locking collet . It also 
valves to prevent regurgitation leads to an increase in the discloses anchoring of the co - aptation element using stent 
pressure of blood in the lungs or liver and reduces forward structures which straddle the tricuspid valve . 
blood flow . Valvular dysfunction either results from a defect The invention is directed towards providing an improved 
in the valve leaflet or supporting structure , or dilation of the 45 heart valve treatment device for percutaneous delivery . 
fibrous ring supporting the valve . These factors lead to a 
failure of valve leaflets to meet one another , known as SUMMARY OF THE INVENTION 
co - aptation , allowing the blood to travel in the wrong 
direction . According to the invention , there is provided a heart valve 

Conventional treatment of leaking AV valves often 50 therapeutic device comprising : 
involves replacement or operative repair of the valves . These a support comprising an elongate anchor configured to 
treatments are considerable surgical operations requiring percutaneously extend through a blood vessel to the 
cardiopulmonary bypass and are associated with significant heart , and 
morbidity . In many instances patients are too sick or too frail a prosthetic valve element comprising a coupler for 
to undergo these operations and hospital stays and recovery 55 coupling the valve element to the anchor , and 
phases after such operations are prolonged . a user actuator for allowing user coupling of the valve 

Percutaneous techniques of valve repair have the advan element on the anchor at a desired location . 
tage of being significantly less traumatic for the patient . In one embodiment , the anchor has a stiffness to hold its 
During such procedures the valve repair is performed from shape and location to support the valve element . Preferably , 
within the heart , accessing the heart through a vein in the 60 the device comprises a stylet or a shaped or stiff collar 
neck or the groin . Percutaneous procedures are performed arranged to provide a desired shape to the anchor . Preferably , 
under local anaesthetic and the incisions required to perform the anchor has a variable and lockable shape . 
the procedures are extremely small . In addition , procedural In one embodiment , the elongate anchor comprises a 
times and recovery phases are also expected to be signifi- distal fixing element for fixing to a heart wall . 
cantly less . Current attempts at percutaneous repair of leak- 65 In one embodiment , the user actuator is at a proximal end 
ing heart valves include insertion of a mitral valve support of the device and is configured to adjust orientation and / or 
structure into a large cardiac vein known as the coronary shape of the valve element on the anchor . 
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In one embodiment , the valve element comprises at least proximal ring for engagement on the atrium side and a 
one coupler connecting the valve element to the elongate fixation device on radial arms for engagement on the ven 
anchor at a distal location adjacent the valve element . tricular side . 

In one embodiment , the device comprises a user actuator In one embodiment , the ring comprises a proximal skirt 
for allowing user control of the valve element shape and / or 5 arranged to prevent regurgitation between the native leaflets 
location , and wherein the actuator is arranged to change and the valve element . In one embodiment , said skirt com 
axial position of the or each coupler on the elongate anchor . prises a rim of material . In one embodiment , said rim is of 

In one embodiment , the actuator comprises control cables material which is the same material as material of valve 
which are arranged to be moved axially under surgeon element leaflets sewn or glued to a distal side of the radial 

10 support . control . Preferably , the couplers comprises an annular spring In one embodiment , said radial support is configured to or clip which contracts around the elongate anchor , the engage atrial tissue to provide support for the anchor , and the device further comprises a delivery catheter , and said cou anchor is not configured to directly engage tissue for sup pler is configured to support the valve element after removal port . 
of the delivery catheter . In one embodiment , the anchor is configured to rest In one embodiment , the device comprises an adjustment against a posterior atrial wall upon deployment . 
mechanism for varying individual chords connecting at least In one embodiment , the distal end of the support is 
one coupler to the prosthetic valve element , and wherein the deflectable such that position of the support can be altered to 
mechanism is arranged to shorten one or more chords and position the valve element to provide maximum reduction in 
lengthen one or more other chord . Preferably , the device 20 regurgitation , the device comprising a mechanism for alter 
comprises at least two couplers supporting the valve element ing tension in elements within the support . 
on the anchor and the actuator is configured to set mutual In one embodiment , the radial support abuts against a 
separation of the couplers for configuration of the valve coupler of the valve attached to the anchor . 
element . In one embodiment , the actuator further comprises a 

In one embodiment , the device comprises a user actuator 25 controller arranged to be implanted subcutaneously on the 
for allowing user control of the valve element shape and / or anchor to allow the position of the valve element to be 
location and said actuator is arranged to control said adjust- changed after insertion . 
ment mechanism . Preferably , the actuator comprises a In one embodiment , the device comprises an element for 
mechanism which shortens or lengthens linking of a support clamping the anchor to a wall through which the anchor 
ring to the anchor , for tilting of the valve element . Prefer- 30 passes . 
ably , said ring is configured to engage atrium tissue and the In one embodiment , the valve element comprises leaflets 
valve element further comprises arms extending distally and shaped like native leaflets and having a ring - shaped support 
axially . around its circumference . 

In one embodiment , the device comprises an adjustment In one embodiment , the valve is only supported by a 
mechanism for varying said chords to adjust angle of the 35 support in the form of the anchor without a fixing element , 
valve element with respect to the axis of the elongate anchor In one embodiment , the valve element is connected to the 

In one embodiment , the valve element comprises pros- anchor by a coupler so that rotation of the support moves the 
thetic leaflets shaped for co - apting with native leaflets , and valve to fit to the shape of the native valve . 
said prosthetic leaflets have together a smaller radial dimen- In one embodiment , the support comprises a ring and one 
sion for at least some of their length when the native leaflets 40 or more members extending distally such that they cross an 
are closed and a larger radial dimension when the native AV valve in use , said members including a member inter 
leaflets are open . Preferably , the valve element comprises connecting opposed side of the ring . 
prosthetic valve leaflets that are supported to extend axially In one embodiment , the support includes a ring which is 
and radially outwardly towards the proximal end , with an circular or oval or crescent - shaped . 
apex facing into a heart chamber in use . In one embodiment , 45 In one embodiment , the device further comprises a deliv 
the prosthetic valve leaflets are supported at their proximal ery catheter for delivering and positioning the valve element 
end on a ring . on the anchor . 

In one embodiment , the prosthetic valve leaflets are In one embodiment , the device further comprises a sheath 
arranged so that in use blood flows through the centre of the for delivering the anchor . 
valve . In one embodiment , the valve element comprises at least 

In one embodiment , the support includes a radial support one fenestration configured to , in use , provide central flow 
part which is radially distant from the anchor and is con- such as washing jets to prevent or reduce thrombosis , 
figured to engage atrial tissue on a proximal side of a valve . wherein the fenestrations are at or adjacent to the base of the 
Preferably , the radial support part comprises a ring extend- prosthetic valve element . 
ing around a device axis . In one embodiment , the ring is on 55 In one embodiment , there are a plurality of fenestrations 
spokes . arranged circumferentially around a valve element axis , and 

In one embodiment , the ring is connected to chords wherein the fenestrations each have a cross - sectional area in 
extending from a coupler on an anchor . the range of 0.5 mm² to 3 mm² , and they may have any 

In one embodiment , the radial support comprises at least suitable shape to suit the available areas such as circular , 
one fixation device for engaging tissue radially of the 60 triangular , square or slit - like . 
anchor . In one embodiment , each radial fixation device has In one embodiment , the valve element comprises leaflets 
at least one hook or barb , for example in a Y - shape with which are cup - shaped and are secured directly to a support 
barbs . frame which attaches to the anchor . 

In one embodiment , the radial support is spring - loaded in In another aspect , the invention provides a heart valve 
the radial direction . 65 therapeutic kit comprising a plurality of devices as defined 

In one embodiment , the radial support is adapted to above in any embodiment , at least some of which are of 
engage on both sides of a native valve , comprising a different sizes to suit different sizes of patient valve defects . 
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In another aspect , the invention provides a pacemaker chords while lengthening one or more other chords or 
comprising a device as defined above in any embodiment chords . In one embodiment , the device comprises a user 
and pacemaker electrodes mounted on the anchor at a distal actuator for allowing user control of the valve shape and / or 
end of the anchor . location and said actuator is arranged to control said adjust 

In a further aspect , the invention provides a method of 5 ment mechanism . In one embodiment , the actuator com 
delivering a device as defined above in any embodiment into prises a rotating mechanism which shortens or lengthens 
a patient's heart , the method comprising inserting the anchor chords upon rotation of one or more actuator device in a 
by moving it along a blood vessel until a distal end of the selected direction . In one embodiment , the chords are 
anchor traverses an AV valve in the heart , delivering the attached to a coupler within the anchor which can be locked 
valve element to the area of the AV valve , and causing the 10 down onto the anchor . 
valve element to engage the anchor at a desired location for In one embodiment , the device comprises an adjustment 
co - aptation with native leaflets of the AV valve . mechanism for varying said chords to adjust angle of the 

In one embodiment , the anchor is deflectable and the leaflets with respect to the axis of the elongate anchor . 
method comprises adjusting shape of the anchor for opti- In one embodiment , the prosthetic valve comprises valve 
mum positioning of the valve element . Preferably the anchor 15 leaflets that are supported to extend axially and radially 
is locked at the optimum configuration . outwardly towards the proximal end , with an apex facing 

In one embodiment , the guide sheath is dedicated to into a heart chamber in use . In one embodiment , the leaflets 
insertion of the anchor . are supported at their proximal end on a ring . In one 

In one embodiment , the valve element is delivered by embodiment , the leaflets are arranged so that in use blood 
moving the valve element along the anchor until a desired 20 flows through the centre of the valve . 
position is reached , and withdrawing a delivery sheath to In one embodiment , the device comprises a stylet 
expose the valve and allow it to couple to the anchor at said arranged to be introduced by sliding along the anchor to 
position . provide a desired shape at the prosthetic valve . 

In one embodiment , the delivery sheath withdrawal In one embodiment , the chords have fixation elements and 
removes a radial support for a coupler , allowing the coupler 25 are arranged to be fixed to a heart wall . In one embodiment , 
to contract around the anchor . the actuator comprises an actuator device which upon rota 

In one embodiment , the anchor is shaped to have a bend tion causes one or more chords to be fixed to the wall of the 
at an atrial wall , so that the atrial wall provides axial support heart . 
against movement in the proximal direction upon closing of In one embodiment , the prosthetic valve comprises a 
the ventricle . 30 deformable element which is adapted to deform to seal the 

In one embodiment , the anchor is shaped to have a fixed chamber . Preferably , the deformable element is adapted to 
bend as it crosses the interatrial septum . deform under heart chamber pressure . In one embodiment , 

the device comprises an actuator for assisting or solely 
Additional Summary Aspects causing deformation of the deformable element . 

In one embodiment , the deformable element comprises a 
According to the invention , there is provided a heart valve stem which is configured to extend into a heart chamber , and 

therapeutic device comprising : a head which remains outside , the stem decreasing in 
a support , and volume and expanding the head during chamber higher 
a prosthetic valve being arranged to be supported by the pressure . 

support , In one embodiment , the prosthetic valve comprises at 
wherein the prosthetic valve is arranged to have a shape least one fenestration configured to , in use , provide central 

and / or location to suit the nature of defect in the heart flow such as washing jets to prevent or reduce thrombosis . 
valve . In one embodiment , the fenestrations are at or adjacent to the 

In one embodiment , the support comprises an elongate base of the prosthetic valve . 
anchor having a distal fixing element for fixing to a heart 45 In one embodiment , there are a plurality of fenestrations 
wall , and the prosthetic valve is supported on the anchor by arranged circumferentially around a device axis . 
at least one coupler at a desired location . In one embodi- In one embodiment , the fenestrations each have a cross 
ment , the device comprises a user actuator for allowing user sectional area in the range of 0.5 mm² to 3 mm² , and they 
control of the valve shape and / or location . In one embodi- may have any suitable shape to suit the available areas such 
ment , the actuator is at a proximal end of the device . In one 50 as circular , triangular , square or slit - like . 
embodiment , the prosthetic valve comprises a proximal In one embodiment , the device comprises a support at 
coupler , and leaflets connected to the coupler by chords . least part of which is radially distant from the anchor and is 
Preferably , the prosthetic valve comprises proximal and configured to engage tissue . In one embodiment , the support 
distal couplers connecting the valve to the elongate anchor . comprises a ring extending around the device axis . In one 
In one embodiment , the device comprises a user actuator for 55 embodiment , the ring is on spokes . 
allowing user control of the valve shape and / or location , and In one embodiment , the ring is on chords extending from 
wherein the actuator is arranged to change relative axial a coupler on an anchor . In one embodiment , the support 
position of the proximal and distal couplers . In one embodi- comprises at least one fixation device for engaging tissue . 
ment , the actuator comprises control cables which are In one embodiment , each fixation device has at least one 
arranged to be moved axially under surgeon control . Pref- 60 hook or barb , for example in a Y - shape with two barbs . In 
erably , at least one of the proximal and distal couplers one embodiment , the fastener is spring loaded . In one 
comprises an annular spring which contracts around the embodiment , the support is arranged to engage atrium tissue . 
elongate anchor . In one embodiment , the support is arranged to engage 

In one embodiment , the device comprises an adjustment ventricle tissue . 
mechanism for varying individual chords connecting at least 65 In one embodiment , the support is adapted to engage on 
one coupler to the prosthetic valve leaflets . In one embodi- both sides of a native valve , preferably with a ring on the 
ment , the mechanism is arranged to shorten one or more atrium side and fixation devices on radial arms on the 
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ventricular side . In one embodiment , the ring comprises In one embodiment , the support includes a ring which is 
proximal skirt arranged to prevent regurgitation between the circular or oval or crescent - shaped . 
native leaflets and the prosthetic valve . In one embodiment , 
said support which engages atrial tissue is a sole support for DETAILED DESCRIPTION OF THE 
the prosthetic device . INVENTION 

In one embodiment , the support is arranged to be deliv 
ered over an anchor to rest against the posterior atrial wall . The invention will be more clearly understood from the 

In one embodiment , the distal end of the support is following description of some embodiments thereof , given 
deflectable by means of a mechanism that alters the tension by way of example only with reference to the accompanying 
in elements within its wall , and preferably the shape of the drawings in which : 
distal end of the support is lockable . FIGS . 1 to 6 are a series of diagrams illustrating deploy 

In one embodiment , the support abuts against a coupler of ment of a device of the invention to treat a patient's AV 
the valve attached to the anchor . valve ; 

In another aspect , the invention provides a heart valve FIGS . 7 ( a ) and 7 ( b ) are diagrams illustrating adjustment 
therapeutic kit comprising a plurality of devices as described of a prosthetic valve of the device when deployed ; 
above in any embodiment , at least some of which are of FIG . 8 is a diagram showing an actuator at a proximal end 
different sizes to suit different sizes of patient valve defects . of the device ; 

In various embodiments we describe a percutaneously- FIGS . 9 and 10 are diagrams illustrating differential 
delivered valve made up of one or more leaflets , which can 20 adjustment of the prosthetic valve to provide a non - sym 
be made from porcine or bovine pericardium or other metrical configuration to suit the clinical situation ; 
materials , which is attached to an anchor by one or more FIG . 11 shows specific a example of the fixing devices of 
supports either on a rir on the atrial side of the native valve the treatment device and 
or directly to the anchor . The leaflets may be supported by FIG . 12 is a pair of diagrams illustrating a principle of 
chords which can be varied in length and position and may 25 operation of couplers on the anchor , and 
also be fixed to the wall of the heart . The valve may be FIG . 13 shows the mechanism in more detail ; 
supported by an anchor which is fixed to the wall of the FIG . 14 is a diagram showing addition of stylets to 
heart . The valve may be supported by the proximal portion achieve a desired shape in the atrium ; 
of the anchor against the atrial wall . This can be re - enforced FIG . 15 shows suturing of the anchor guide wire at the 
by the use of stylets within the anchor . The valve 30 proximal end ; 
additionally or alternatively be supported by struts or hooks FIG . 16 is a pair of diagrams showing a treatment device 

with a chordal support with adjustable width ; on the LV ( distal ) side of the valve . There may be a FIG . 17 is a pair of diagrams showing a ment device compressive force between these and the atrial ring or they of another embodiment with chordal length adjustment ; and may rest against the AV groove to resist the valve moving FIG . 18 is a diagram showing altering the position of back into the atrium . Such a support may do away with the chordal supports , and need for the anchor and the anchor could be removed at the FIG . 19 is a diagram showing a user actuator for this 
end of the case . In some embodiments of the device there altering ; 
may be fenestrations at the base of the valve to allow a small FIG . 20 is a diagram showing adjustment of chordal 
amount of blood flow back into the atrium to prevent clot 40 supports ; 
formation . FIGS . 21 ( 1 ) and 21 ( b ) are diagrams showing an alterna 

In one embodiment , the support comprises an elongate tive prosthetic valve in which leaflets extend proximally and 
wire anchor having a stiffness allowing it to provide support radially from a distal coupler for optimum co - aptation ; 
without fixing to a heart wall . FIG . 22 shows another valve element with leaflets shaped 

In one embodiment , the anchor has a variable shape . 45 to match the native leaflets and the orifice ; 
In one embodiment , the anchor shape is lockable . FIG . 23 is a pair of diagrams showing a valve element 
In one embodiment , the device further comprises a con which can change orientation about a distal apex at which 

troller arranged to be implanted sub - cutaneously on the the anchor is terminated ; 
supports . FIG . 24 is a set of diagrams showing alternative valve 

50 element leaflets ; In one embodiment , the support comprises an element for 
clamping the support to a wall through which it passes . FIG . 25 is a pair of diagrams showing a valve element 

In one embodiment , the valve comprises leaflets shaped having Nitonol or steel supports attached to a ring for 
like native leaflets and having a ring - shaped support around engagement in the atrium side ; 

FIGS . 26 to 29 show devices which are variations of the its circumference . 55 device of FIG . 25 , in open and closed positions , in which : In one embodiment , the valve is only supported in a FIG . 26 is a pair of views of a device with a prosthetic support in the form of a wire , whereby rotation of the valve in open and closed states , the valve having a support moves the valve to fit to the shape of the native valve support ring attached centrally to the anchor and the 
structure . ring being arranged for engaging surrounding tissue for 

In one embodiment , the support comprises a wire and a additional device support ; 
plurality of support members extending distally and radially FIG . 27 shows this device in situ with the support 
from a location at or near a distal end of the wire . engaging tissue on the atrium side and native leaflets 

In one embodiment , the support comprises a ring and one co - apting against the prosthetic valve leaflets ; 
or more members extending distally such that cross an AV FIG . 28 is a pair of views of an alternative device in the 
valve in use . open and closed positions , in which there is also a 

In one embodiment , said members include a member ring - shaped support and additionally this support has 
interconnecting opposed side of the ring . spring - loaded clamps on diametrically opposed sides of 
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the ring , this being one example of fixation elements on end of the anchor . The terms " valve insert ” and “ valve 
the ring , alternatives being hooks or barbs ; and element ” are used in this specification to mean the thera 

FIG . 29 shows a device with an outer skirt attached to an peutic element which is inserted into the AV area to assist the 
atrial ring to prevent regurgitation ; native valve leaflets or in some cases function closer to or as 

FIG . 30 shows another device having a wire anchor 5 a full valve where the native valve is considerably damaged . 
without a fixing element , the anchor being stiff and adjust- In the latter case it may be referred to as a “ prosthetic valve ” . 
able ; In various embodiments , we describe a device with a 
FIG . 31 shows a device which has a sub - cutaneous valve insert to reduce regurgitation , that is inserted through 

controller ; a blood vessel on a deflectable support that may or may not 
FIG . 32 shows a device in which a wire anchor has a 10 be fixed to the heart wall . The shape and position of the 

variable distal end to change position of its prosthetic valve ; valve insert and of the support can be altered and the support FIG . 33 is a set of views showing two valve elements , acts against the force pushing the valve insert back into the each having parts extending from a ring across the AV valve 
into the ventricle ; atrium . The valve insert is designed to allow the native 
FIG . 34 shows further valve elements with atrium - side 15 leaflets to continue to move and co - apt against the surface of 

the valve insert . support rings , and 
FIGS . 35 and 36 ( a ) -36 ( e ) show further support shapes ; Stiff stylets or outer cover / catheter may be employed to 
FIG . 37 is a side view diagram showing a device with stiffen the anchor to support the valve element against the 

fenestrations for allowing flow at the base of the leaflets and heart wall or atrial septum , and this arrangement may avoid 
so help to prevent clot formation ; 20 need for fixing to the heart tissue . A deflectable and / or 
FIG . 38 is a diagram showing fixing of valve element lockable catheter with inherent stiffness may be used to 

chords to the wall of the heart ; maintain the valve element in position . The catheter is 
FIG . 39 is a diagram showing a valve open element in a adjustable post - implantation through motorized controls 

native state , and implanted under the skin at the point of exit of the catheter 
FIG . 40 shows forming of a valve - like structure ; 25 from the vein . 
FIG . 41 shows how an elastic shape conforms to shape of There may be a part of the support which fixes to the heart 

an orifice to seal between low and high pressure chambers ; tissue in the atrium , such as a ring which engages the atrium 
FIG . 42 shows return of the elastic shape to its native adjacent and around the AV valve . Hooks may attach to the 

shape ; atrial ring and support the valve from the commissures or the 
FIGS . 43 and 44 show some examples of shapes for 30 ventricular side of the valve . The valve element may be fixed 

various valve elements as they are cut from material during to the distal end of the anchor , and this may be at a 
manufacture , particularly parachute - type valve elements ; universal - type joint allowing it to pivot or rotate to adjust to 
FIG . 45 is an AV enface view from the ventricle of part of the movement of the heart native leaflets . 

the device of FIG . 28 in use , with a ring on the atrial side and The support in several embodiments comprises an elon 
showing a magnified view of a spring - loaded clamp , and a 35 gate anchor which extends through a blood vessel and is left 
similar view of an alternative fixation device in this case a in situ , being sutured in some embodiments at a proximal 
Nitonol hook configured to engage surrounding tissue on the location such as in the shoulder area . It is supported by 
ventricular side ; engaging the heart wall such as by a barb or other fixing 

FIGS . 46 and 47 are views , also from the ventricular side , element at its distal end , and / or by its inherent stiffness . In 
showing an alternative pair of diametrically opposed fixation 40 the latter case the atrial or vessel wall can provide support 
devices , in this case on radial arms or spokes and configured at a bend in the anchor . A stylet or collar may be provided 
for engaging on the LV side , while a ring engages on the to slide along the anchor to provide a desired shape at the 
atrium side ; valve element and also a desired position . 
FIG . 48 is a side view of a device being delivered by a The position of the device on the anchor may in some 

catheter so that the fixation devices on a ring are correctly 45 embodiments be changed after delivery . Moreover , in some 
positioned at the AV groove ; embodiments , the orientation and / or radial / longitudinal 
FIG . 49 is a side view of a device with fixation devices on position of the valve element may be adjusted either during 

support arms to support the device against the force of the delivery or afterwards using controls at a proximal end of the 
blood being pushed back into the atrium , and thereby adding elongate anchor . 
additional support to the anchor screw ; Advantageously , the position and orientation of the device 
FIG . 50 is a pair of views of a device with strut - like is not fixed by the requirement to affix it directly to the heart 

supports being delivered , and using a tether and fixing element such as a barb or screw , this 
FIG . 51 shows the supports in place ; being avoided by stiffness and locking of the anchor , pos 
FIG . 52 shows a valve insert having a Nitonol frame with sibly using support from the atrium wall . 

a skin cover , in this case of pericardium , The valve element may have any of a variety of configu 
FIG . 53 shows delivery of the valve , and rations . If the defect is large it may be of the parachute type , 
FIG . 54 shows details including clamping of the valve to operating like a fully - functioning valve . If the defect is not 

the elongate support by way of Nitonol springs ; and large the valve element may have leaflets or a closed body 
FIG . 55 shows a valve insert without chords . with a shape suitable for the native valve leaflets to co - apt 

60 against it . In some such embodiments , it merely prevents 
DESCRIPTION OF THE EMBODIMENTS on - axis retrograde flow Importantly , the invention allows 

adjustment of axial position of the valve element , and in 
A heart valve therapeutic device has a prosthetic valve some embodiments orientation of the valve element on the 

insert or element which is positioned on an elongate anchor elongate anchor . This allows the surgeon to achieve opti 
having a longitudinal axis at a desired axial position on the 65 mum position of the valve for its purpose . 
anchor during delivery . The valve element positioning on the The surgeon has visibility of the position of the device 
anchor is set by the surgeon using an actuator at the proximal during surgery by virtue of a combination of known tech 

50 

55 
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niques such as an echo cardiogram and X - ray equipment for FIG . 9 shows the effect of operation of the actuator 20/21 
visibility of metal parts of the device . for X ( axial ) adjustment . There is a second coupler in the 

Advantageously , the device may be incorporated in a form of Nitonol prongs 30 at the level of the valve . The 
pacemaker lead , in which case the anchor forms the elongate adjustable axial supports move the valve 17 and coupler in 
body of the pacemaker lead , and supports both the valve 5 the X and Y axes . They are lockable within the anchor 
element in the AV region and the pacemaker electrodes . support as the Nitonol within the support changes shape Referring to FIGS . 1 to 6 a percutaneous heart valve within the anchor 7 to lock the support in place . In other treatment device 1 is shown at a general level . The device 1 embodiments , a proximal collet arrangement may be used . comprises a first sheath 2 with a distal end 3 which is Also , as shown in FIG . 10 there is movement of the deformable because it has a pulley system within its core 10 anchor 7 with the valve attached in the Y direction . 
which flexes and extends the distal end of the sheath by Referring to FIG . 11 the valve 15 is shown in more detail . rotation of the proximal handle . The coupler 16 is of Nitonol or stainless steel and there is a A proximal handle 4 , comprising a haemostatic valve 
through which the guide wire passes , is used by the surgeon similar coupler , 50 , for the leaflets 17 at the opposite ( distal ) 

end of the valve 15 . to route the first sheath 2 along the superior or inferior vena 15 
cava ( SVC ) . At the end of the travel the sheath distal end 3 As shown in FIG . 12 the coupler 16 is a spring maintained 
crosses the tricuspid or mitral AV valve ( “ AV ” ) and into the in an expanded state by the second sheath 10 , withdrawal of 
right or left ventricle as illustrated . The guide wire is which causes it to contract onto the guide wire 7 when the 
removed and the sheath is orientated towards the ventricular valve is in the correct position . Each coupler is held open by 
wall below the level of the defect in the AV valve . FIGS . 1 20 the sheath / tube and pulling back the sheath allows the 
to 6 show the AV valve denoted “ AV ” , and the atrial wall as coupler to lock down on the anchor . The inner tube is pulled 
“ AW ” . back much the same way as a Nitonol stent or valve is 
Awire anchor 7 is then delivered ( FIG . 2 ) through the first delivered , however instead of expanding to fill an orifice it 

sheath 2 to the ventricle . This is an elongate anchor which contracts down on the anchor . FIG . 12 also shows a coupler 
is left in situ after the procedure ( FIG . 15 ) 25 60 transitioning between the contracted and expanded posi 
As shown in FIG . 3 , rotation of the guide wire anchor 7 tions . 

delivers an anchor element in the form of a screw 6 to the Valve delivery is also shown in FIG . 13 , withdrawal of the 
ventricular wall . Rotation of the anchor 7 causes the anchor delivery sheath 10 causing the coupler 16 to contract from 
element screw 6 to penetrate and lodge in the ventricular a position supported by a tube with in the sheath onto the 
wall . This fixes the elongate anchor 7 in place at the distal 30 anchor 7. The axial position of the leaflet coupler 16 can be 
end , where it will remain after surgery . The anchor 7 can chosen and adjusted for optimum effectiveness of the pros 
now be used during surgery for valve delivery and optimum thetic valve . This is determined by observing when regur 
positioning , and subsequently for valve support after sur- gitation is maximally reduced . The valve is delivered out of 
gery . the sheath first and the ideal position along the anchor 
As shown in FIG . 4 , with the anchor element screw 6 35 identified , then the fixation devices or couplers are released , 

fixed to the ventricular wall the first ( anchor delivery ) sheath first the distal and the then the proximal or vice versa . 
2 is removed . A second , device delivery , sheath 10 is then Referring to FIG . 14 , one or more stylets or collars 70 can 
fed in ( FIG . 5 ) using the guide wire anchor 7. When the be introduced along the guide wire anchor 7 to change shape 
distal end of the second sheath 10 is in the ventricle the of the device in the atrium . These stylets or collars are 
sheath is pulled back ( FIG . 6 ) to deploy a prosthetic valve 40 shapeable and are inserted through the core or outside of the 
15. This deployment , as described in more detail below , is at guide wire anchor to change the orientation of the anchor 
an optimum longitudinal position on the anchor 7 . and support it against the atrial or vessel wall . Where a collar 

The anchor 7 may for example be akin to the Biosense is used it may be sized to fit around the anchor and slide 
Webstar EZTM steer catheter . The catheter delivery sheath along the anchor to support the valve against the force of the 
may for example be the MedtronicTM Attain Deflectable 45 valve regurgitation . The collar may be sutured to the sub 
catheter delivery system . cutaneous tissue around the anchor to maintain its position , 

In an alternative embodiment , the rust sheath 2 may be similar to collars used to fix pacemaker leads to the subcu 
left in situ and used as the delivery sheath or support for the taneous tissues as would be understood by a person skilled 
prosthetic valve 15 . in the art . Hence , the atrial shape of the anchor can be altered 

Referring to FIGS . 7 ( a ) and 7 ( b ) the valve element is a 50 by shapeable stylets or collars 70 that are inserted into the 
prosthetic valve 15 which comprises a coupler 16 of Nitonol inner core or outside of the anchor guide wire . This provides 
which locks onto the guide wire anchor 7 upon release from an additional support for the anchor 7 and the prosthetic 
the delivery sheath 10 , due to its shape - memory character- valve 15 , in some cases avoiding need for the anchor to fix 
istic in which the Nitonol reassuming the tighter shape in to heart tissue . In this case the stiffness of the anchor and the 
body temperature to lock down on the anchor . The valve 15 55 foundation provided by the atrium wall provide the neces 
also comprises leaflets 17 of bovine or porcine pericardium sary resistance to the forces applied to the valve element 
or other material connected to the coupler 16 by chords 18 . from the ventricular side . 
As shown , the coupler 16 is slidable and lockable on the Referring to FIG . 15 , after delivery , the proximal end of 
guide wire anchor 7 under control of an actuator so that the the guide wire anchor 7 is sutured along a suture line 5 to 
valve area encompassed by the leaflets 17 can be changed . 60 subcutaneous tissue to prevent migration and to allow re 
Instead of Nitonol , stainless steel or other suitable biocom- access to the prosthetic valve 15. This allows repeated 
patible material may be used . access to the device to move or remove the valve 15 . 

FIG . 8 shows the actuator , 19 , at the proximal end of the Referring to FIG . 16 , an alternative device , 100 , has a 
second sheath ( catheter ) . There are two knobs 20 and 21 valve element 101 with coupler 102 which is radially 
which are slidable on the sheath to axially move control 65 expandable in addition to being axially moveable on the 
cables 22 and 23. This alters the distance between the valve guide wire anchor 7. There is also a coupler 103 at the other 
leaflets and the chord support coupler 16 . end of the device 100. The length and width of the coupler 
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102 can be varied by movement of knobs 105 on the bases of the valve leaflets to allow as much blood flow 
proximal end . When width is correct , this is locked in through the device to prevent thrombosis . 
position . Referring to FIG . 23 , this illustrates an aspect whereby a 
FIG . 17 shows a device 200 having a distal coupler 201 , support has an anchor 1000 , ring 1001 , and a ball and socket 

from which extend chords 202 to a valve treatment element 5 joint distal coupler 1002. This allows the valve leaflets 1003 
203 connected to the anchor by a proximal coupler 204 . to rotate and pivot to follow the movement of the heart , and 
There is a mechanism 210 to vary length of chords 202. An the valve 1001 is only connected to the support at the distal actuator of the mechanism 210 at the proximal end of the end . The support anchor 1000 has a stiffness such that the catheter is rotated or moved to lengthen or shorten the valve 1003 may be moved to fit the shape of the native valve chords 202. The rotation / movement of the actuator knobs 10 
211 and 212 varies length of the chords by virtue of structure , by rotation of the support anchor 1000 . 
cables / wires within the elongate anchor . The chords are FIG . 24 shows a configuration of valve , 1100 , having a 
attached to the chordal support on the anchor 7 which can be Nitonol atrial ring 1102 supporting leaflets 1101 moved by 
locked down onto the anchor similar to locking the valve . chords 1103 attached to a ring Nitonol support with support 

In various embodiments a valve element may be delivered 15 posts 1104 which extend into the ventricular side of the 
and fixed to a wire / lead anchor . The valve element may be valve . In this case the leaflets 1101 are shaped and sized to 
a prosthetic valve of the “ parachute ” type supported by match the native leaflets . The two lower diagrams are views 
chords that are adjustable . The support frame of the chords from the ventricle of the open and closed valve . 
may be adjustable and fixable . The chords in some embodi- FIG . 25 shows a valve in the open configuration 1200 
ments may be fixed to the wall of the heart . The atrial 20 having a wire support 1201 at the distal end of which there 
configuration of the anchor may be adjustable and can be are Nitonol supports 1202 which extend radially and distally 
fixed through the delivery of stiff wire stylets or collars . The to their ends which are attached to a support ring 1203 ( also 
valve can be made as leaflets or a deformable material that of Nitonol ) . The valve leaflets are attached at their base to 
deforms due to the pressure in the ventricle to form the valve the Nitonol ring 1203. The apex of the leaflets are attached 
support . 25 to the coupler on the anchor 1204 . 
FIG . 18 shows in a device 220 altering of the position and FIGS . 26 to 28 show a device 1350 having an anchor 

configuration of a chordal support coupler 221 , in which the 1351 , a distal coupler 1352 , a proximal coupler 1353 , chords 
coupler 221 expands radially . The coupler 221 is made of 1354 , and leaflets 1355 with the leaflets fixed at their base 
preformed Nitonol and takes up a curved shape as it exits the to the Nitonol or an inflatable ring 1358. The ring 1358 may 
catheter , sliding knobs on the proximal end of the catheter 30 be supported by one or more struts 1357 which attach to the 
delivers more of the Nitonol support from the distal end thus anchor via the proximal coupler or may be attached to the 
changing the position of the chordal support and FIG . 19 distal coupler 1352 by a Nitonol struts . 
shows an actuator 225 having knobs 226 and 226 which are There is an expandable support having radial spokes 1357 
slid to alter the distance between the chordal support and the extending from the proximal coupler 1353 to the ring 1358 . 
coupler . The extent of variation is shown in FIG . 20 by the 35 The support 1353 , 1357 , and 1358 provides support for the 
interrupted lines . device in use in addition to or instead of the fixation device 

FIGS . 21 ( a ) and 21 ( b ) show a valve element 235 in the at the distal end of the anchor . The support 1353/1357/1358 
closed and open positions . Valve leaflets 240 are supported and the leaflets 1355 are sewn or glued to the ring 1358 and 
on the proximal end on an atrial ring 241 and at the distal end the chords are tied or sewn or clamped or glued onto the 
they form an apex where they are supported on the anchor 40 chordal support 1352. The chords may be integral parts of 
by a coupler 243. The valve element 235 opens through the the material used to form the leaflets and the leaflets are cut 
centre . Chords 242 are attached to the chordal support ( or in such a way as to from the chordal supports attached to the 
" coupler ” ) 243 but the leaflets 240 are attached in the chords 1354 . 
alternate fashion so that the blood flows through the centre The leaflets 1355 are hook - shaped , extending at their ends 
of the valve next to the anchor 241. The bases of the 45 distally and radially . This provides more surface area to 
prosthetic leaflets 240 are attached to the Nitonol support prevent regurgitation with less assistance from co - apting 
that sits on the atrial side of the AV valve . When the ventricle native leaflets , which may be badly damaged . As shown in 
contracts blood flow and the change in pressure in the FIG . 27 , the native leaflets NL ( native chords C also shown ) 
ventricle causes the leaflets 240 to close against each other co - apt against the valve leaflets 1355 within the ventricle , 
and the native heart leaflets co - apt against / on the prosthetic 50 while the support ring 1358 engages the atrium wall imme 
leaflets 240. When the heart relaxes the pressure drops in the diately proximal of the native valve . The top diagram shows 
ventricle below the pressure in the atrium and the valve the valve open , while the bottom diagram shows it closed . 
leaflets 240 open to allow blood flow into the ventricle . The FIG . 28 shows a device 1359 , in which like parts are 
ring holds and supports the leaflets on the atrial side on the indicated by the same reference numerals , and in which 
valve . It is flexible in that it is Nitonol and can be com- 55 there are spring - loaded clamps 1360 on radial arms or 
pressed into a delivery catheter for delivery and then returns spokes 1361 . 
to its ring - like shape post - insertion . FIG . 29 shows a device 1600 with an outer skirt 1605 
FIG . 22 shows a view from the left atrium into the attached to an atrial , ring to prevent regurgitation between 

ventricle a valve 900 having leaflets 901 and 902 which are the native leaflets and the valve . Otherwise , the arrangement 
shaped to match the shape of the native valve leaflets NL 60 of the valve leaflet sand their chords is as described above . 
( also shown for illustration purposes ) . A valve support 904 Referring to FIG . 30 a device 1700 comprises an elongate 
is shown . The perimeter of the valve is defined by a Nitonol wire anchor 1701 supporting at its distal end a prosthetic 
ring 903 which may for example , reside on the atrial side of valve 1702. The valve 1702 has a parachute - shaped valve 
the valve and may be sized to the line of insertion of the member 1702 linked by chords 1704 to a coupler 1705 on 
native valve leaflets in the atrium . The leaflets 901 of the 65 the anchor 1701. The anchor 1701 does not need , for some 
implantable valve are shaped to match the shape of the uses at least , to be fixed to the heart wall by a fixing element . 
native valve leaflets . There may be fenestrations 905 at the Instead , anchoring support is provided by stiffness of the 



US 10,987,220 B2 
15 16 

anchor 1701. The anchor 1701 rests against , for example , ventricle rises and the valve closes causing blood flow from 
posterior atrial tissue ( atrial wall , AW ) or the inter - atrial the high pressure ventricular side of the valve to the lower 
septum . pressure atrial side of the valve , ensuring small amounts of 

Referring to FIG . 31 a device 1750 also has an anchor blood flow at the base of the valve to prevent clot formation . 
1751 which does not need a fixing element , supporting a 5 FIG . 37 includes , on the bottom left , a view of the valve 
prosthetic valve 1752. In this case there is a sub - cutaneous from the atrium , showing the fenestrations 3310 more 
motorized controller 1753 which can deflect the positions of clearly . 
the anchor 1751 and the valve 1752 post implantation . As shown in FIG . 38 , in a device 4000 rotation of the 

Referring to FIG . 32 , a device 1800 also has an anchor knobs causes chords 4001 to be fixed to the wall of the heart 
1801 which does not need a fixing element . There is a 10 by way of fixation devices at the ends . 
support element 1802 for retaining the anchor at a particular FIGS . 39 and 40 show a valve element 4050. It has a 
position as it passes through a wall , by clamping an opposed native state shown in FIG . 39 which is frusto - conical with 
sides of the wall . The support element 1802 is akin to an the narrow end facing into the chamber , and has a resilience 
ASD closure device with a central aperture through which such that when pressure rises in the chamber it narrows to a 
the support passes . As shown , the anchor 1801 at the distal 15 point facing into the chamber and the larger outer end seals 
end 1805 bends through 90 ° in a variable manner so that the the chamber as shown in FIG . 40 . 
positions of the valve ( 1803 ) can be changed . The shape of FIGS . 41 and 42 show a valve element 4060 in which the 
the distal segment of the support is variable so that the element has an elastic shape which conforms to the shape of 
position of the valve can be changed . Once in the correct the orifice under high pressure and returns to its native state 
position the shape of the support is lockable 20 under chamber low pressure conditions . The overall shape is 
FIG . 33 shows leaflet supports 2300 and 2350. The T - shaped in cross - section , with a disc - shaped head outside 

support 2300 has a ring and posts extending from the ring and a stem inside . 
across the AV valve into the ventricle . The support 2350 has FIGS . 43 and 44 are diagrams showing various alternative 
a ring and an arch extending across the ring and into the configurations 4071 , 4072 , 4073 , 4074 of material cuts 
ventricle . 25 during manufacture to suit the nature of the valve defect . The 

Referring to FIG . 34 a leaflet support 2400 for a valve has valve and chords may be made from a single piece of 
only a ring . Also , a support 2450 has a ring 2451 and pericardium or other suitable biocompatible material , or 
member 2452 connected at diametrically opposed sides of alternatively suture material or the like may be sewn into the 
the ring 2451 extending into the ventricle with a shape of the leaflets to form the chords . The shapes in end view may have 
AV valve co - apting line . This is a Nitonol atrial ring to which 30 4,8 or any desired number of arms , and the leaflets may have 
the leaflets are sewn . These diagrams show that the ring can any desired configuration of end shape at the radial outer 
have a chord or leaflet support that extends in an arc from the position . The central part , for engaging the native valve 
ring into the ventricle leaflets , may have a ound oval ( 4080 , 4081 , 4082 ) , or 

FIG . 35 shows alternative supports 2500 and 2550. The polygonal ( 4083 ) shape when viewed in the axial direction . 
support 2500 is crescent ( saddle ) shaped in en face view , 35 FIG . 45 shows a view from within the ventricle in use , of 
whereas the support 2550 is oval in en face view . a device with an anchor coupler 4351 and chords 4352 from 
FIG . 36 ( a ) shows a supports 2600 having a ring 2601 and the coupler 4351 to an atrial ring 4354. There may be a 

valve leaflets 2603 are sewn to posts 2602 extending across spring - loaded clamp 4360 fixed onto the commissure . This 
the valve . This is a ring member and two post supports to support arrangement effectively clamps on both sides of the 
which the leaflets are attached . 40 native valve , the arms and clamps 4360 on the V side and the 

FIGS . 36 ( b ) to 36 ( e ) show a device 2650 , similar to the ring on the A side . An alternative is also shown , namely a 
device in FIG . 36 ( a ) having an elongate anchor 2651 with Nitonol hook 4380 on the ventricular side of the AV valve . 
proximal - end actuators . At the distal end there is an atrium Within the delivery catheter there are two smaller sheaths 
support ring 2652 linked by Nitonol supports 2653 to a distal that maintain the Nitonol clamps in an open state . When the 
actuator 2654. There are also axial support arms 2655 which 45 clamps are in the correct positions the sheaths are pulled 
in use extend across the valve and support leaflets 2656 . back to release the Nitonol to engage the heart tissue . 
Movement of all the proximal actuators together moves FIGS . 46 and 47 show Nitonol supports 4390 for engage 

the valve more apically or more into the atrium . Actuators ment on the LV side of the valve . The supports 4390 are 
are connected via wires to the atrial support ring of the valve . Y - shaped , with two radially distal branches for engaging 
Movement of one of the proximal actuators tilts the valve . 50 within the tissue . They extend from a ring 4391 on the 
FIG . 36 ( c ) shows the open and closed valve with native atrium side in use . FIG . 47 is a ventricle - side view . 

leaflets co - apting on the valve leaflets . FIG . 48 shows delivery of a device 4400 with clamp / hook 
FIG . 36 ( d ) shows a magnified view of the support cables like valve supports to AV groove . Hooks 4401 being deliv 

for an atrial ring of the valve running the length of the ered in a compressed state in a delivery catheter 4405 . 
support . 55 Chords 4402 are shown . The hooks 4401 or spring - loaded 
As shown in FIG . 36 ( e ) , there is an outer deflectable clamps are delivered in a compressed state in delivery the 

support sheath 2657. This diagram also shows an inner catheter and are released / positioned in the commissures of 
support tube can rotate within outer deflectable support the valve at the AV groove . 
sheath . The valve is rotated to align with the commissures of FIG . 49 shows a device 4410 having hook - like supports 
the native valve . 60 4411 at the ends of chords 4412. The Nitonol supports 4411 

Referring to FIG . 37 a device 3300 has an anchor 3301 , are attached to chordal supports on the LV side of the AV 
Nitonol couplers 3302 and 3303 , valve leaflets 3304 , and groove 
chords 3305. There are also secondary chords 3306 extend- FIGS . 50 and 51 show delivery of a device 4500 with 
ing from the distal coupler 3302 to the proximal sides of the spring - loaded wing - like supports 4501. These engage the 
leaflets 3304. The leaflets 3304 have fenestrations 3310 65 LV side of the annulus . Nitonol wings 4503 are attached to 
arranged around the axis close to the coupler 3303. The the chordal supports 4501 and are delivered by pulling back 
fenestrations 3310 allow washing jets as the pressure in the the sheath 4502 . 
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Referring to FIG . 52 a device 4700 has an elongate anchor resists the force pushing the valve into the atrium and 
4701 and a valve element 4702 comprising a Nitonol frame maintains the valve in the desired position . 
4703 covered by a cover 4704. The cover may be of any Versatility to suit the individual clinical conditions is 
biocompatible material such as pericardium . The shape is to achieved because the leaflets may be supported by chords 
allow the native valve leaflets to co - apt against it . As shown 5 which can be varied in length and position and may also be 
in FIG . 53 , the device is delivered by a catheter 4710 , in fixed to the wall of the heart . The valve may be supported by 
which retraction of the delivery sheath allows the valve an anchor which is fixed to the wall of the heart . The valve 
element to expand . As shown in FIG . 54 , when the device is may be supported by a portion of the anchor against the 
in the optimal position on the elongate anchor Nitonol atrial wall , due to stiffness of the anchor . This can be 
springs are released to clamp the device at this position . 10 re - enforced by the use of stylets or collars within or around 
FIG . 55 shows an alternative arrangement of parachute the anchor . The valve may be additionally or alternatively be 

valve 4800 without leaflet chords . Leaflets 4801 are cup- supported by struts or hooks on the LV ( distal ) side of the 
shaped and are sewn or glued directly to a Nitonol support valve . 
frame 4804 which attaches to an anchor 4803. There may be Where the device has fenestrations it allows blood flow 
fenestrations 4805 at the base of the leaflets to allow the 15 back into the atrium . This is a very simple and effective 
washout of blood to prevent thrombosis . mechanism to prevent clot formation . 

In various embodiments the valve support of the device Also , it is envisaged that the leaflets and chords may be 
has one or more of the following features . attached to a single elongate support that attaches to the 

Lead like structure which anchors in the ventricle . anchor . In this case the distance between the leaflets and 
Stiff stylets or outer cover / catheter that stiffens the anchor 20 chords is fixed and there are different sizes of device that are 

to support the valve element against the heart wall or implanted depending on the size of defect in the valve . 
atrial septum Also , it is envisaged that there may be a support from the 

Deflectable / lockable catheter with inherent stiffness that atrial or interatrial wall which supports the valve ( and 
maintains valve element in position possibly also an anchor ) and prevents it prolapsing back into 

Catheter is adjustable post implantation through motor- 25 the atrium . The support is delivered over the anchor to rest 
ized control implanted under the skin at the point of exit against the posterior atrial wall . The support may be hollow 
of the catheter from the vein . and fit around the anchor or the valve maybe attached to the 

Nitonol plug with central lumen through which the sup- distal end of the support . The distal end of the support is 
port catheter is delivered , similar to amplatzer ASD deflectable by means of a mechanism such as a pulley 
device maybe placed across the atrial septum to provide 30 system within its core that alters the tension in elements 
support to the catheter as it crosses the atrial septum within its wall . The shape of the distal end of the support 

Hooks which attach to atrial ring of valve and support the may be lockable . The support may abut against the coupler 
valve from the commissures or the ventricular side of of the valve attached the anchor . The support has an 
the valve inherent stiffness that serves to maintain the valve in the 

Valve element is fixed to the distal end of the support or 35 desired position . For a support for the left sided AV valve 
is moveable along the support and fixable to the support there will be a fixed angle bend in the support as it crosses 
when in the correct position the interatrial septum and the distal end of the support is 

Chords and atrial ring may be fixed separately to the deflectable as well . 
support and adjustable along the support Also , arms to position the valve in the superior / inferior 

Valve element may pivot or rotate to adjust to the move- 40 axis can be fed through to rest against the posterior atrial 
ment of the heart / native leaflets wall to support the valve . 

The valve may have one or more of the following fea- The invention is not limited to the embodiments described 
tures . but may be varied in construction and detail . Any part of the 

Parachute valve shape with multiple chords holding valve device ( such as a coupler or chord ) may be of a material 
leaflets against the regurgitant flow of blood 45 which is visible to equipment such as echo or X - ray imaging 

Chords are supported by chordal supports equipment . Also , the prosthetic valve adaptation may not be 
Chords and chordal supports may be adjustable in length under user control , even where it has leaflets . For example 

and position and fixable on anchor pressure differential may be availed of to cause adaptation of 
Valve element may have one , two , three or more leaflets the leaflets to suit the nature of the defect in the heart valve . 
Valve element may be shaped to replicate the shape of the 50 The device may further comprise a controller arranged to be 

native leaflets and commissure implanted sub - cutaneously on the supports to allow the 
Valve element may have atrial ring to which the leaflets position of the valve element and the couplers to be changed 

are attached and the orifice of the valve is in the center after insertion . Electromagnatic switches may be used to 
Valve element may have only one leaflet attached to atrial activate motors which increase the tension in the wires 

support 55 within the wall of the support to alter the shape / position of 
Valve element may have skirt or lip on atrial ring to the distal end of the anchor / support . 

prevent regurgitation around the valve What is claimed : 
The atrial ring sits against the atrial side of the native 1. A heart valve therapeutic device configured to be 

leaflets . implanted in a patient having a heart and a native heart 
The native leaflets co - apt onto the atrial ring and leaflets 60 valve , the heart valve therapeutic device comprising : 

of the prosthetic valve a prosthetic valve comprising a plurality of prosthetic 
It will be appreciated that the invention achieves a per- leaflets , the prosthetic valve configured to , in a first 

cutaneously - delivered valve made up of one or more leaf- cardiac state , form a gap between the prosthetic valve 
lets , which can be made from porcine or bovine pericardium and the native heart valve and , in a second cardiac state , 
or other materials , which is attached to an anchor by one or 65 the prosthetic valve is configured to co - apt with the 
more supports either on a ring on the atrial side of the native native heart valve , wherein the plurality of prosthetic 
valve or directly to the anchor . The stiffness of the anchor leaflets are configured to open in the first cardiac state 
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to allow blood to flow through the prosthetic valve and implanting a prosthetic valve across the native heart 
to close in the second cardiac state to reduce regurgi- valve , the prosthetic valve comprising a plurality of 
tation between native leaflets of the native heart valve prosthetic leaflets , the prosthetic valve configured to , in 
and the prosthetic valve ; and a first cardiac state , form a gap between the prosthetic 

an anchor configured to anchor the prosthetic valve within 5 valve and the native heart valve and , in a second 
the native heart valve , wherein the anchor comprises an cardiac state , the prosthetic valve is configured to 
outer support sheath and an inner support tube config co - apt with the native heart valve , 
ured to rotate within the outer support sheath . wherein the plurality of prosthetic leaflets are configured 

2. The heart valve therapeutic device of claim 1 , wherein to open in the first cardiac state to allow blood to flow 
the plurality of prosthetic leaflets comprise at least one of through the prosthetic valve and to close in the second 
bovine , porcine , or equine pericardium , or intact porcine cardiac state to reduce regurgitation between native 
aortic valves . leaflets of the native heart valve and the prosthetic 

3. The heart valve therapeutic device of claim 1 , wherein valve , and 
the plurality of prosthetic leaflets are arranged around and wherein implanting the prosthetic valve comprises 
attached to a ring at a proximal end of the prosthetic valve . anchoring the prosthetic valve across the native heart 

4. The heart valve therapeutic device of claim 3 , wherein valve via an anchor , wherein the anchor comprises an 
the ring is flexible and transitionable between a compressed outer support sheath and an inner support tube config 
delivery state and an expanded deployed state . ured to rotate within the outer support sheath . 

5. The heart valve therapeutic device of claim 1 , wherein 19. The method of claim 18 , wherein implanting the 
the inner support tube is lockable to the outer support sheath . prosthetic valve across the native heart valve comprises 

6. The heart valve therapeutic device of claim 1 , wherein percutaneously introducing the prosthetic valve in a delivery 
the prosthetic valve comprises a cover coupled to a frame , catheter via a blood vessel coupled to the heart and moving 
and wherein the prosthetic valve has a shape to allow the the prosthetic valve until the prosthetic valve is positioned 
native leaflets of the native heart valve to co - apt against the 25 across the native heart valve . 

20. The method of claim 18 , wherein implanting the 
7. The heart valve therapeutic device of claim 6 , wherein prosthetic valve comprises delivering the prosthetic valve in 

the frame comprises Nitinol and the cover comprises a a compressed state and transitioning the prosthetic valve to 
biocompatible material . an expanded deployed state . 

8. The heart valve therapeutic device of claim 6 , wherein 30 21. The method of claim 18 , wherein anchoring the 
the frame is transitionable between a compressed delivery prosthetic valve via the anchor comprises using an elongate 
state and an expanded deployed state . anchor coupled to the prosthetic valve such that the pros 

9. The heart valve therapeutic device of claim 1 , wherein thetic valve is suspended and maintained across the native 
the prosthetic valve is configured to allow washout of blood heart valve . 
to prevent thrombosis . 22. The method of claim 18 , further comprising locking 

10. The heart valve therapeutic device of claim 1 , wherein the inner support tube and the outer support sheath in place 
the prosthetic valve comprises an outer skirt configured to to suspend and maintain the prosthetic valve across the 
reduce regurgitation between the native leaflets of the native native heart valve . 
heart valve and the prosthetic valve . 23. The method of claim 18 , wherein anchoring the 

11. The heart valve therapeutic device of claim 1 , wherein 40 prosthetic valve comprises suspending and maintaining the 
the plurality of prosthetic leaflets are hook - shaped at their prosthetic valve across a native tricuspid valve . 
ends distally and radially . 24. The method of claim 18 , wherein implanting the 

12. The heart valve therapeutic device of claim 1 , wherein prosthetic valve further comprises actuating one or more 
the prosthetic valve is configured to be implanted at a actuators to control positioning of the prosthetic valve . 
tricuspid valve of the heart . 25. A heart valve therapeutic device configured to be 

13. The heart valve therapeutic device of claim 1 , wherein implanted in a patient having a heart and a native heart 
the outer support sheath and the inner support tube form a valve , the heart valve therapeutic device comprising : 
support coupled at its distal region to the prosthetic valve to a prosthetic valve comprising a plurality of prosthetic 
suspend and maintain the prosthetic valve across the native leaflets , the prosthetic valve configured to , in a first 
heart valve . cardiac state , form a gap between the prosthetic valve 

14. The heart valve therapeutic device of claim 13 , and the native heart valve and , in a second cardiac state , 
wherein the support is configured to extend from the distal the prosthetic valve is configured to co - apt with the 
region out of the heart into a blood vessel coupled to the native heart valve , 
heart . wherein the plurality of prosthetic leaflets are configured 

15. The heart valve therapeutic device of claim 13 , 55 to open in the first cardiac state to allow blood to flow 
wherein the support is coupled to the prosthetic valve by a through the prosthetic valve and to close in the second 
plurality of radial arms extending therefrom . cardiac state to reduce regurgitation between native 

16. The heart valve therapeutic device of claim 13 , leaflets of the native heart valve and the prosthetic 
wherein the support further comprises at least one of a stylet , valve , and 
a shaped collar , a stiff collar , or a catheter configured to 60 wherein the plurality of prosthetic leaflets are hook 
provide a shape for implantation . shaped at their ends distally and radially . 

17. The heart valve therapeutic device of claim 13 , 26. The heart valve therapeutic device of claim 25 , further 
wherein the support is deflectable and lockable to suspend comprising an anchor configured to anchor the prosthetic 
and maintain the prosthetic valve across the native heart valve within the native heart valve . 
valve . 27. A heart valve therapeutic device configured to be 

18. A method of repairing a native heart valve of a heart , implanted in a patient having a heart and a native heart 
the method comprising : valve , the heart valve therapeutic device comprising : 
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a prosthetic valve comprising a plurality of prosthetic an anchor configured to anchor the prosthetic valve within 
leaflets , the prosthetic valve configured to , in a first the native heart valve , wherein the anchor comprises a 
cardiac state , form a gap between the prosthetic valve support coupled at its distal region to the prosthetic 
and the native heart valve and , in a second cardiac state , valve to suspend and maintain the prosthetic valve 
the prosthetic valve is configured to co - apt with the 5 across the native heart valve , 
native heart valve , wherein the plurality of prosthetic wherein the support comprises at least one of a stylet , a 
leaflets are configured to open in the first cardiac state shaped collar , a stiff collar , or a catheter configured to 
to allow blood to flow through the prosthetic valve and provide a shape for implantation . 
to close in the second cardiac state to reduce regurgi 29. A heart valve therapeutic device configured to be 
tation between native leaflets of the native heart valve 10 implanted in a patient having a heart and a native heart 
and the prosthetic valve ; and valve , the heart valve therapeutic device comprising : 

an anchor configured to anchor the prosthetic valve within a prosthetic valve comprising a plurality of prosthetic 
the native heart valve , wherein the anchor comprises a leaflets , the prosthetic valve configured to , in a first 
support coupled at its distal region to the prosthetic cardiac state , form a gap between the prosthetic valve 
valve to suspend and maintain the prosthetic valve and the native heart valve and , in a second cardiac state , 
across the native heart valve , the prosthetic valve is configured to co - apt with the 

wherein the support is lockable . native heart valve , wherein the plurality of prosthetic 
28. A heart valve therapeutic device configured to be leaflets are configured to open in the first cardiac state 

implanted in a patient having a heart and a native heart to allow blood to flow through the prosthetic valve and 
valve , the heart valve therapeutic device comprising : to close in the second cardiac state to reduce regurgi 

tation between native leaflets of the native heart valve a prosthetic valve comprising a plurality of prosthetic 
leaflets , the prosthetic valve configured to , in a first and the prosthetic valve ; and 
cardiac state , form a gap between the prosthetic valve an anchor configured to anchor the prosthetic valve within 
and the native heart valve and , in a second cardiac state , the native heart valve , wherein the anchor comprises a 
the prosthetic valve is configured to co - apt with the support coupled at its distal region to the prosthetic 
native heart valve , wherein the plurality of prosthetic valve to suspend and maintain the prosthetic valve 
leaflets are configured to open in the first cardiac state across the native heart valve , 
to allow blood to flow through the prosthetic valve and wherein the support comprises a deflectable and lockable 
to close in the second cardiac state to reduce regurgi catheter to suspend and maintain the prosthetic valve 
tation between native leaflets of the native heart valve across the native heart valve . 
and the prosthetic valve ; and 
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