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PROSTHETIC VALVE WITH LEAFLET 
CONNECTORS 

CROSS - REFERENCES TO RELATED 
APPLICATIONS 

[ 0001 ] The present application is a Continuation - In - Part 
of PCT application IL2017 / 050873 to Hariton et al . , filed 
Aug . 8 , 2017 , and entitled “ Prosthetic valve with concentric 
frames , " which claims priority from U . S . provisional patent 
application 62 / 372 , 861 to Hariton et al . , filed Aug . 10 , 2016 , 
and entitled “ Prosthetic valve with concentric frames . ” 
[ 0002 ] The present application is related to : 

[ 0003 ] U . S . patent application Ser . No . 15 / 541 , 783 , 
which is the US National Phase of PCT application 
IL2016 / 050125 to Hariton et al . , filed Feb . 3 , 2016 , and 
entitled “ Prosthetic valve with axially - sliding frames : ” 

0004 ] U . S . patent application Ser . No . 15 / 668 , 659 to 
Hariton et al , filed Aug . 3 , 2017 , and entitled “ Tech 
niques for deployment of a prosthetic valve , " which 
published as US 2017 / 0333187 ; and 

[ 0005 ] U . S . patent application Ser . No . 15 / 682 , 789 to 
Hariton et al , filed Aug . 22 , 2017 , and entitled “ Pros 
thetic heart valve with compressible frames , " which 
published as US 2017 / 0367823 . 

10006 ] . All of the above applications are incorporated 
herein by reference . 

FIELD OF THE INVENTION 
[ 0007 ] Some applications of the present invention relate in 
general to valve replacement . More specifically , some appli 
cations of the present invention relate to prosthetic valves 
for replacement of a cardiac valve . 

expanded state of the implant , and such that even in the 
relaxed expanded state residual stress is present in one or 
both of the frames . For some applications , a toroidal space 
is defined by the tubular portion , the upstream support 
portion , and the flanges . For some such applications , the 
implant is configured such that the toroidal space is dimen 
sioned proportionally to dimensions of the tubular portion . 
[ 0012 ] For some applications , prosthetic leaflets are 
secured within a prosthetic valve via connectors , each con 
nector comprising a unitary flexible sheet folded to define a 
panel , and leaflet - engaging tabs between which commissural 
portions of the prosthetic leaflets are secured . Typically , the 
unitary flexible sheet is folded to also define other features , 
such as flaps that facilitate coupling of the connector to the 
frame of the prosthetic valve . 
[ 0013 ] . There is therefore provided , in accordance with an 
application of the present invention , a method for use with 
a flexible sheet that , in an unfolded state of the sheet , defines 
a panel at a medial region of the sheet , a first tab portion 
disposed peripherally to the panel , and a second tab portion 
disposed peripherally to the panel opposite the first tab 
portion , the method including : 
[ 0014 ] sandwiching , between the first tab portion and the 
second tab portion , ( i ) a first commissural portion of a first 
prosthetic leaflet , and ( ii ) a second commissural portion of 
a second prosthetic leaflet ; 
[ 0015 ) attaching the first tab portion and the second tab 
portion to the flexible sheet by stitching a first stitching 
through the first tab - portion , the first commissural portion , 
the second commissural portion , and the second tab - portion ; 
[ 0016 ] subsequently , covering the first stitching by : 

[ 0017 ] folding the first tab portion back against itself to 
form the first tab portion into a first tab having first - tab 
outer layer and a first - tab inner layer , such that the 
first - tab inner layer is sandwiched between the first - tab 
outer layer and the first commissural portion , and 

[ 0018 ] folding the second tab portion back against itself 
to form the second tab portion into a second tab having 
a second - tab outer layer and a second - tab inner layer , 
such that the second - tab inner layer is sandwiched 
between the second - tab outer layer and the second 
commissural portion ; and 

[ 0019 ] subsequently , stitching a second stitching through 
the first - tab outer layer , the first - tab inner layer , the first 
commissural portion , the second commissural portion , the 
second - tab inner layer , and the second - tab outer layer . 
10020 ] In an application , the step of sandwiching includes 
sandwiching a separate flexible sheet between the first 
commissural portion and the second commissural portion . 
[ 0021 ] In an application , stitching the first stitching 
includes stitching the first stitching through ( i ) the first 
tab - portion , ( ii ) the first commissural portion , ( iii ) a separate 
flexible sheet disposed between the first commissural por 
tion and the second commissural portion , ( iv ) the second 
commissural portion , and ( v ) the second tab - portion . 
[ 0022 ] In an application , the step of sandwiching includes 
sandwiching a fabric divider between the first tab portion 
and the second tab portion . 
[ 0023 ] In an application , the step of sandwiching includes 
sandwiching a separate flexible sheet between the first 
commissural portion and the second commissural portion , 
and stitching the first stitching includes stitching the first 
stitching through the separate flexible sheet . 

BACKGROUND 
[ 0008 ] Ischemic heart disease causes regurgitation of a 
heart valve by the combination of ischemic dysfunction of 
the papillary muscles , and the dilatation of the ventricle that 
is present in ischemic heart disease , with the subsequent 
displacement of the papillary muscles and the dilatation of 
the valve annulus . 
[ 0009 ] Dilation of the annulus of the valve prevents the 
valve leaflets from fully coating when the valve is closed . 
Regurgitation of blood from the ventricle into the atrium 
results in increased total stroke volume and decreased car 
diac output , and ultimate weakening of the ventricle sec 
ondary to a volume overload and a pressure overload of the 
atrium . 

SUMMARY OF THE INVENTION 
[ 0010 ] For some applications , an implant is provided 
having a tubular portion , an upstream support portion and 
one or more flanges . The implant is assembled from two 
concentric frames . An inner frame defines the tubular por 
tion and the upstream support portion , and an outer frame 
defines the flanges . The implant is percutaneously deliver 
able to a native heart valve in a compressed state , and is 
expandable at the native valve . The implant is secured at a 
native heart valve by sandwiching tissue of the native valve 
between the upstream support portion and the flanges . 
[ 0011 ] . For some applications , the outer frame is radially 
thicker than the inner frame . For some applications , the 
outer frame is undersized with respect to the inner frame , 
such that it constrains the inner frame even in a relaxed 
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[ 0024 ] In an application , stitching the second stitching 
includes stitching the second stitching through the separate 
flexible sheet . 
[ 0025 ] In an application , the flexible sheet is a first flexible 
sheet , and the steps of sandwiching , attaching , covering , and 
stitching the second stitching , are steps in assembling the 
first flexible sheet into a first commissure at which the first 
prosthetic leaflet and the second prosthetic leaflet meet , and 
the method further includes : 
[ 0026 ] assembling a valvular assembly that includes the 
first commissure , a second commissure , a third commissure , 
the first prosthetic leaflet , the second prosthetic leaflet , and 
a third prosthetic leaflet , by : 

[ 0027 ] assembling a second flexible sheet into a second 
commissure at which the second prosthetic leaflet and 
a third prosthetic leaflet meet ; and 

[ 0028 ] assembling a third flexible sheet into a third 
commissure at which the third prosthetic leaflet and the 
first prosthetic leaflet meet ; and 

[ 0029 ] subsequently to assembling the valvular assembly , 
securing the valvular assembly within a lumen defined by a 
tubular frame , such that : 

[ 0030 ] the first , second , and third prosthetic leaflets are 
arranged within the lumen to facilitate upstream - to 
downstream fluid flow through the lumen by the first , 
second , and third prosthetic leaflets opening , and to 
inhibit downstream - to - upstream fluid flow through the 
lumen by the first , second , and third prosthetic leaflets 
closing , and 

[ 0031 ] for each of the commissures : 
[ 0032 ] the panel is disposed against an inner surface 

of the tubular frame , and 
[ 0033 ] the first tab and the second tab extend away 

from the panel into the lumen . 
[ 0034 ] In an application , for each of the commissures , 
assembling the flexible sheet into the commissure includes 
assembling the flexible sheet into the commissure such that 
the first tab and the second tab each define a loose region , 
radially inward from the first stitching and the second 
stitching , that is loose with respect to the prosthetic leaflets 
that meet at the commissure . 
[ 0035 ] In an application , securing the valvular assembly 
within the lumen includes securing the valvular assembly 
within the lumen such that , for each of the commissures , in 
response to the first , second , and third prosthetic leaflets 
opening , at least part of the first tab and at least part of the 
second tab move away from each other , and in response to 
the first , second , and third prosthetic leaflets closing , at least 
part of the first tab and at least part of the second tab move 
toward each other . 
[ 0036 ] In an application , the method further includes , 
subsequently to stitching the second stitching , securing the 
panel against an inner surface of a tubular frame , such that 
( i ) the first tab , the second tab , the first prosthetic leaflet , and 
the second prosthetic leaflet extend away from the panel into 
a lumen defined by the tubular frame , and ( ii ) the first and 
second leaflets are arranged to facilitate upstream - to - down 
stream fluid flow through the lumen , and to inhibit down 
stream - to - upstream fluid flow through the lumen . 
[ 0037 ] In an application , the sheet , in its unfolded state , 
further defines a plurality of flaps disposed peripherally to 
the panel , and securing the panel against the inner surface of 
the tubular frame includes folding each flap of the plurality 
of flaps around a respective component of the tubular frame . 

[ 0038 ] In an application , securing the panel against the 
inner surface of the tubular frame further includes stitching 
each flap of the plurality of flaps to the respective component 
of the tubular frame . 
[ 0039 ] In an application , the method further includes ( i ) 
forming a first cushion by folding a first - tab fold in a 
downstream edge of the first tab portion , and ( ii ) forming a 
second cushion by folding a second - tab fold in a down 
stream edge of the second tab portion . 
[ 0040 ] In an application , forming the first cushion and 
forming the second cushion include forming the first cushion 
and forming the second cushion such that , after the panel has 
been secured against the inner surface of the inner frame , the 
first cushion and the second cushion are disposed down 
stream of the first prosthetic leaflet and the second prosthetic 
leaflet . 
[ 0041 ] In an application , forming the first cushion and 
forming the second cushion include forming the first cushion 
and forming the second cushion such that , after the panel has 
been secured against the inner surface of the inner frame , 
neither the first cushion nor the second cushion are in contact 
with the first prosthetic leaflet or the second prosthetic 
leaflet . 
[ 0042 ] In an application , forming the first cushion includes 
forming the first cushion such that , after the panel has been 
secured against the inner surface of the inner frame , the first 
tab defines a downstream opening between the first - tab inner 
layer and the first - tab outer layer , and forming the second 
cushion includes forming the second cushion such that , after 
the panel has been secured against the inner surface of the 
inner frame , the second tab portion defines a downstream 
opening between the second - tab inner layer and the second 
tab outer layer . 
[ 0043 ] In an application : 
[ 0044 ] forming the first cushion includes folding the first 
tab fold such that , after the panel has been secured against 
the inner surface of the inner frame , the first - tab fold is 
disposed between the first - tab inner layer and the first - tab 
outer layer , and 
[ 0045 ] forming the second cushion includes folding the 
second - tab fold such that , after the panel has been secured 
against the inner surface of the inner frame , the second - tab 
fold is disposed between the second - tab inner layer and the 
second - tab outer layer . 
[ 0046 ] In an application : 
[ 0047 ] the first - tab fold is a first - tab outer fold , 
[ 0048 ] the second - tab fold is a second - tab outer fold , 
[ 0049 ] forming the first cushion further includes folding a 
first - tab inner fold in the downstream edge of the first tab 
portion , such that after the panel has been secured against 
the inner surface of the inner frame : 

100501 the first - tab outer fold is continuous with the 
first - tab outer layer , and is disposed between the first 
tab outer layer and the first - tab inner fold , and 

[ 0051 ] the first - tab inner fold is continuous with the 
first - tab inner layer , and is disposed between the first 
tab inner layer and the first - tab outer fold , and 

[ 0052 ] forming the second cushion further includes fold 
ing a second - tab inner fold in the downstream edge of the 
second tab portion , such that after the panel has been secured 
against the inner surface of the inner frame : 
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[ 0074 ] In an application , bringing the panel closer 
includes moving an unstitched part of the first commissural 
portion away from an unstitched part of the second com 
missural portion . 
[ 0075 ] In an application , bringing the panel closer 
includes sandwiching unstitched parts of the first commis 
sural portion and unstitched parts of the second commissural 
portion between the panel and another region of the sheet . 
[ 0076 ] In an application , bringing the panel closer to the 
first prosthetic leaflet and the second prosthetic leaflet 
includes flattening the panel . 
[ 0077 ] In an application , the step of sandwiching includes 
bending the panel . 
[ 0078 ] There is further provided , in accordance with an 
application of the present invention , apparatus , including : 
[ 0079 ] a unitary flexible sheet , folded to define : 

[ 0080 ] a panel , defining a plane , and having a first side 
facing in a first direction away from the plane , and a 
second side that is opposite the first side ; 

[ 0081 ] a first tab , disposed on the first side of the panel , 
and protruding in the first direction away from the 
panel ; and 

[ 0082 ] a second tab , disposed on the first side of the 
panel , and protruding in the first direction away from 
the panel ; 

[ 0083 ] a first prosthetic leaflet having a first - leaflet com 
missural portion disposed between the first tab and the 
second tab ; 
[ 0084 ] a second prosthetic leaflet having a second - leaflet 
commissural portion disposed between the first tab and the 
second tab ; 
and : 

[ 0053 ] the second - tab outer fold is continuous with the 
second - tab outer layer , and is disposed between the 
second - tab outer layer and the second - tab inner fold , 
and 

[ 0054 ] the second - tab inner fold is continuous with the 
second - tab inner layer , and is disposed between the 
second - tab inner layer and the second - tab outer fold . 

10055 ] In an application , forming the first - tab cushion 
includes forming the first - tab cushion prior to folding the 
first tab - portion back against itself , and forming the second 
tab cushion includes forming the second - tab cushion prior to 
folding the second tab - portion back against itself . 
[ 0056 ] In an application , forming the first - tab cushion and 
forming the second - tab cushion includes forming the first 
tab cushion and forming the second - tab cushion subse 
quently to stitching the first stitching . 
[ 0057 ] In an application : 
[ 0058 ] the first tab portion defines a plurality of first - tab 
portion suture holes arranged in : 

100591 a first row , 
10060 ] a second row , and 
[ 0061 ] a third row , and 

[ 0062 ] the second tab portion defines a plurality of second 
tab portion suture holes arranged in : 

[ 0063 ] a fourth row , 
10064 ) a fifth row , and 
[ 0065 ] a sixth row , and 

[ 0066 ] stitching the first stitching through the first tab 
portion , the first commissural portion , the second commis 
sural portion , and the second tab - portion includes stitching 
the first stitching through the second row , the first commis 
sural portion , the second commissural portion , and the fifth 
row . 
[ 0067 ] In an application , in the unfolded state of the sheet , 
the first row and the third row diverge at a diverging angle , 
and folding the first tab portion back against itself includes 
folding the first tab portion along a fold line such that an 
angle between the fold line and the first row is substantially 
equal to an angle between the fold line and the third row . 
10068 ] In an application , folding the first tab portion back 
against itself includes folding the first tab portion such that 
an angle between the fold line and the second row is smaller 
than both ( i ) the angle between the fold line and the first row , 
and ( ii ) the angle between the fold line and the third row . 
[ 0069 ] In an application : 
[ 0070 ] folding the first tab portion back against itself 
includes folding the first tab portion back against itself such back against itself such 
that the first - tab outer layer covers the second row , and the 
third row is aligned with the first row , and 
[ 0071 ] folding the second tab portion back against itself 
includes folding the second tab portion back against itself 
such that the second - tab outer layer covers the fifth row , and 
the sixth row is aligned with the fourth row . 
[ 0072 ] In an application , stitching the second stitching 
through the first - tab outer layer , the first - tab inner layer , the 
first commissural portion , the second commissural portion , 
the second - tab inner layer , and the second - tab outer layer 
includes stitching the second stitching through the third row , 
the first row , the first commissural portion , the second 
commissural portion , the fourth row , and the sixth row . 
[ 0073 ] In an application , the method further includes , 
subsequently to stitching the second stitching , bringing the 
panel closer to the first prosthetic leaflet and the second 
prosthetic leaflet . 

[ 0085 ] at the first tab , the sheet is folded to define a first 
cushion at a downstream edge of the first tab , the first 
cushion being configured and positioned to inhibit deflection 
of a downstream portion of the first prosthetic leaflet away 
from the second prosthetic leaflet and toward the plane , and 
10086 ) at the second tab , the sheet is folded to define a 
second cushion at a downstream edge of the second tab , the 
second cushion being configured and positioned to inhibit 
deflection of a downstream portion of the second prosthetic 
leaflet away from the first prosthetic leaflet and toward the 
plane . 
[ 0087 ] In an application , the apparatus further includes a 
separate flexible sheet , sandwiched between the first - leaflet 
commissural portion and the second - leaflet commissural 
portion . portion . 
[ 0088 ] In an application , the first cushion and the second 
cushion are disposed downstream of the first prosthetic 
leaflet and the second prosthetic leaflet . 
[ 0089 ] In an application : 
0090 the sheet is folded such that the first tab has a 
first - tab outer layer and a first - tab inner layer , and the second 
tab has a second - tab outer layer and a second - tab inner layer , 
the first - leaflet commissural portion is disposed between the 
first - tab inner layer and the second - tab inner layer , and 
10091 ] the second - leaflet commissural portion is disposed 
between the first - tab inner layer and the second - tab inner 
layer . 
10092 ] In an application , the first tab defines a downstream 
opening between the first - tab inner layer and the first - tab 
outer layer , and the second tab portion defines a downstream 
opening between the second - tab inner layer and the second 
tab outer layer . 
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[ 0093 ] In an application : 
[ 0094 ] the sheet defines a first - tab fold and a second - tab 
fold , 
[ 0095 ] the first cushion includes the first - tab fold , folded 
between the first - tab inner layer and the first - tab outer layer , 
and 
0096 ] the second cushion includes the second - tab fold , 
folded between the second - tab inner layer and the second 
tab outer layer . 
00971 In an application , the first - tab fold is secured by 
stitching , and the second - tab fold is secured by stitching . 
[ 0098 ] In an application : 
[ 0099 ] the first - tab fold is a first - tab outer fold , continuous 
with the first - tab outer layer , 
[ 0100 ] the second - tab fold is a second - tab outer fold , 
continuous with the second - tab outer layer , 
( 0101 ] the sheet further defines : 

[ 0102 ] a first - tab inner fold , continuous with the first 
tab inner layer , and 

[ 0103 ] a second - tab inner fold , continuous with the 
second - tab inner layer , 

[ 0104 ] the first cushion includes : 
[ 0105 ] the first - tab outer fold , folded between the first 

tab outer layer and the first - tab inner fold , and 
[ 0106 ] the first - tab inner fold , folded between the first 

tab inner layer and the first - tab outer fold , and 
[ 0107 ] the second cushion includes : 

[ 0108 ] the second - tab outer fold , folded between the 
second - tab outer layer and the second - tab inner fold , 
and 

10109 ] the second - tab inner fold , folded between the 
second - tab inner layer and the second - tab outer fold . 

[ 0110 ] There is further provided , in accordance with an 
application of the present invention , apparatus , including : 
[ 0111 ] a unitary flexible sheet , folded to define : 

[ 0112 ] a panel , having a first side facing in a first 
direction , and a second side that is opposite the first 
side ; 

10113 ] a first tab , disposed on the first side of the panel , 
having a first - tab outer layer and a first - tab inner layer , 
and protruding in the first direction away from the 
panel ; and 

[ 0114 ] a second tab , disposed on the first side of the 
panel , having a second - tab outer layer and a second - tab 
inner layer , and protruding in the first direction away 
from the panel ; 

[ 0115 ] a first prosthetic leaflet having a first - leaflet com 
missural portion disposed between the first - tab inner layer 
and the second - tab inner layer ; 
[ 0116 ] a second prosthetic leaflet having a second - leaflet 
commissural portion disposed between the first - tab inner 
layer and the second - tab inner layer ; 
[ 0117 ] a first stitching , stitched through the first - tab inner 
layer , the first - leaflet commissural portion , the second - leaflet 
commissural portion , and the second - tab inner layer , and 
[ 0118 ] a second stitching , stitched through the first - tab 
outer layer , the first - tab inner layer , the first - leaflet commis 
sural portion , the second - leaflet commissural portion , the 
second - tab inner layer , and the second - tab outer layer , and 
the first - tab outer layer and the second - tab outer layer cover 
the first stitching . 
[ 0119 ] In an application : 

[ 0120 ] the sheet is folded along a first - tab fold line to 
define the first - tab outer layer and the first - tab inner layer , 
and the first - tab fold line is closer to the first stitching than 
to the second stitching , and 
( 0121 ] the sheet is folded along a second - tab fold line to 
define the second - tab outer layer and the second - tab inner 
layer , and the second - tab fold line is closer to the first 
stitching than to the second stitching . 
[ 0122 ] In an application : 
( 0123 ] the sheet is folded along a first - tab fold line to 
define the first - tab outer layer and the first - tab inner layer , 
and an angle between the first - tab fold line and the first 
stitching is smaller than an angle between the first - tab fold 
line and the second stitching , and 
( 0124 ] the sheet is folded along a second - tab fold line to 
define the second - tab outer layer and the second - tab inner 
layer , and an angle between the second - tab fold line and the 
first stitching is smaller than an angle between the second 
tab fold line and the second stitching . 
( 0125 ] In an application , the apparatus further includes a 
separate flexible sheet , sandwiched between the first - leaflet 
commissural portion and the second - leaflet commissural 
portion . 
[ 0126 ] In an application , the apparatus further includes a 
tubular frame that defines a lumen , and : 
[ 0127 ] the panel is disposed against an inner surface of the 
tubular frame , and 
( 0128 ] the first prosthetic leaflet and the second prosthetic 
leaflet are secured within the lumen by the flexible sheet 
being connected to the tubular frame . 
[ 0129 ] In an application , the apparatus further includes a 
separate flexible sheet , disposed between the first - leaflet 
commissural portion and the second - leaflet commissural 
portion , the first stitching being stitched through the separate 
flexible sheet . 
[ 0130 ] In an application , the second stitching is stitched 
through the separate flexible sheet . 
[ 0131 ] In an application : 
[ 0132 ] the flexible sheet is a first flexible sheet , the first 
leaflet commissural portion is a first first - leaflet commissural 
portion , and the second - leaflet commissural portion is a first 
second - leaflet commissural portion , 
101331 . the first flexible sheet , the first first - leaflet commis 
sural portion , and the first second - leaflet commissural por 
tion are arranged to collectively define a first commissure , 
[ 0134 ] the first leaflet has a second first - leaflet commis 
sural portion , 
[ 0135 ] the second leaflet has a second second - leaflet com 
missural portion , 
[ 0136 ] the apparatus further includes : 

[ 0137 ] a tubular frame that defines a lumen , 
10138 ] a second flexible sheet , 
0139 ] a third flexible sheet , and 
10140 ] a third prosthetic leaflet , having a first third 

leaflet commissural portion and a second third - leaflet 
commissural portion , 

10141 ] the second second - leaflet commissural portion , the 
first third - leaflet commissural portion , and the second flex 
ible sheet are arranged to collectively define a second 
commissure , 
10142 ] the second first - leaflet commissural portion , the 
second third - leaflet commissural portion , and the third flex 
ible sheet are arranged to collectively define a third com 
missure , 
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10143 ] the first commissure , the second commissure , the 
third commissure , the first leaflet , the second leaflet , and the 
third leaflet , are arranged to define a valvular assembly that 
is secured within the lumen by the first flexible sheet , the 
second flexible sheet , and the third flexible sheet being 
connected to the tubular frame , and 
[ 0144 ] the valvular assembly is configured to facilitate 
upstream - to - downstream fluid flow through the lumen by 
the first , second , and third prosthetic leaflets opening , and to 
inhibit downstream - to - upstream fluid flow through the 
lumen by the first , second , and third prosthetic leaflets 
closing . 
( 0145 ] In an application , for each of the commissures , the 
first tab and the second tab each defines a loose region , 
radially inward from the first stitching and the second 
stitching , that is loose with respect to the prosthetic leaflets 
that meet at the commissure . 
[ 0146 ] In an application , the valvular assembly is config 
ured such that , for each of the commissures , in response to 
the first , second , and third prosthetic leaflets opening , at least 
part of the first tab and at least part of the second tab move 
away from each other , and in response to the first , second , 
and third prosthetic leaflets closing , at least part of the first 
tab and at least part of the second tab move toward each 
other . 
[ 0147 ] In an application , the apparatus further includes a 
tubular frame that is shaped to define a lumen , and the panel 
is secured against an inner surface of a tubular frame , such 
that ( i ) the first tab , the second tab , the first prosthetic leaflet , 
and the second prosthetic leaflet extend away from the panel 
into the lumen , and ( ii ) the first and second leaflets are 
arranged to facilitate upstream - to - downstream fluid flow 
through the lumen , and to inhibit downstream - to - upstream 
fluid flow through the lumen . 
[ 0148 ] In an application , the sheet defines a plurality of 
flaps extending from the panel , and the panel is secured 
against the inner surface of the tubular frame by each flap of 
the plurality of flaps being folded around a respective 
component of the tubular frame . 
[ 0149 ] In an application , each flap of the plurality of flaps 
is stitched to the respective component of the tubular frame . 
[ 0150 ] In an application , the sheet is folded to define a first 
cushion at a downstream edge of the first tab , and a second 
cushion at a downstream edge of the second tab . 
[ 0151 ] In an application , the first cushion and the second 
cushion are disposed downstream of the first prosthetic 
leaflet and the second prosthetic leaflet . 
[ 0152 ] In an application , neither the first cushion nor the 
second cushion are in contact with the first prosthetic leaflet 
or the second prosthetic leaflet . 
[ 0153 ] In an application , the first tab defines a downstream 
opening between the first - tab inner layer and the first - tab 
outer layer , and the second tab portion defines a downstream 
opening between the second - tab inner layer and the second 
tab outer layer . 
[ 0154 ] In an application : 
10155 ] the sheet defines a first - tab fold and a second - tab 
fold , 
[ 0156 ] the first cushion includes the first - tab fold , folded 
between the first - tab inner layer and the first - tab outer layer , 
and 
[ 0157 ] the second cushion includes the second - tab fold , 
folded between the second - tab inner layer and the second 
tab outer layer . 

f0158 ] In an application : 
f0159 ] the first - tab fold is a first - tab outer fold , continuous 
with the first - tab outer layer , 
[ 0160 ] the second - tab fold is a second - tab outer fold , 
continuous with the second - tab outer layer , 
10161 ] the sheet further defines : 

[ 0162 ] a first - tab inner fold , continuous with the first 
tab inner layer , and 

[ 0163 ] a second - tab inner fold , continuous with the 
second - tab inner layer , 

[ 0164 ] the first cushion includes : 
[ 0165 ] the first - tab outer fold , folded between the first 

tab outer layer and the first - tab inner fold , and 
[ 0166 ] the first - tab inner fold , folded between the first 

tab inner layer and the first - tab outer fold , and 
[ 0167 ] the second cushion includes : 

10168 ] the second - tab outer fold , folded between the 
second - tab outer layer and the second - tab inner fold , 
and 

0169 ] the second - tab inner fold , folded between the 
second - tab inner layer and the second - tab outer fold . 

[ 0170 ] In an application : 
[ 0171 ] the first stitching is stitched along a first stitch line , 
[ 0172 ] the second stitching is stitched along a second 
stitch line , and 
[ 0173 ] the first stitch line and the second stitch line diverge 
from each other at 10 - 45 degrees . 
0174 ] In an application , the first stitch line and the second 

stitch line diverge from each other at 10 - 30 degrees . 
10175 ] . In an application , the first stitch line and the second 
stitch line diverge from each other at 15 - 25 degrees . 
[ 0176 ] In an application , the first stitch line and the second 
stitch line diverge from each other at 20 degrees . 
10177 ] There is further provided , in accordance with an 
application of the present invention , apparatus for use with 
a prosthetic valve , the apparatus including a connector , the 
connector including a flexible sheet that is folded to define : 
[ 0178 ] a panel , having a first side facing in a first direction , 
and a second side that is opposite the first side ; 
[ 0179 ] a leaflet receptacle , disposed on the first side of the 
panel , and protruding in the first direction away from the 
panel ; and 
[ 0180 ] a plurality of flaps , each flap folded about a respec 
tive fold axis such that at least part of each flap is disposed 
on the second side of the panel . 
[ 0181 ] In an application , the panel has an edge between 
the first side and the second side , and each flap is foldable 
over the edge , so as to be disposed on the second side of the 
panel . 
[ 0182 ] In an application , the plurality of flaps is arranged 
in a circuit such that each flap has two adjacent flaps around 
the circuit , and the fold axis of each flap is oriented at 60 - 120 
degrees from the fold axis of each of its adjacent flaps . 
[ 0183 ] In an application , the flexible sheet is a single 
unitary flexible sheet , and the unitary flexible sheet is folded 
to define the panel , the leaflet receptacle , and the plurality of 
flaps . In an application , the plurality of flaps includes exactly 
four flaps . 
[ 0184 ] In an application : 
[ 0185 ] the leaflet receptacle includes : 

( 0186 ] a first leaflet - engaging tab , extending from the 
first side of the panel , and defining a first row of 
first - tab stitching holes and a second row of first - tab 
stitching holes , and 
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[ 0187 ] a second leaflet - engaging tab , extending from 
the first side of the panel , and defining a first row of 
second - tab stitching holes and a second row of second 
tab stitching holes ; 

[ 0188 ] the receptacle is configured to sandwich one or 
more prosthetic valve leaflets between the leaflet - engaging 
tabs such that , on opposite sides of the sandwiched leaflets : 

[ 0189 ] the first row of first - tab stitching holes and the 
first row of second - tab stitching holes are aligned with 
each other , and 

[ 0190 ] the second row of first - tab stitching holes and the 
second row of second - tab stitching holes are aligned 
with each other . 

[ 0191 ] In an application , the first row of first - tab stitching 
holes and the second row of first - tab stitching holes diverge 
at 10 - 45 degrees from each other , and the first row of 
second - tab stitching holes and the second row of second - tab 
stitching holes diverge at 10 - 45 degrees from each other . 
[ 0192 ] In an application , the first row of first - tab stitching 
holes and the second row of first - tab stitching holes diverge 
at 10 - 30 degrees from each other , and the first row of 
second - tab stitching holes and the second row of second - tab 
stitching holes diverge at 10 - 30 degrees from each other . 
10193 ] In an application , the first row of first - tab stitching 
holes and the second row of first - tab stitching holes diverge 
at 15 - 25 degrees from each other , and the first row of 
second - tab stitching holes and the second row of second - tab 
stitching holes diverge at 15 - 25 degrees from each other . 
[ 0194 ] In an application , the flexible sheet is folded such 
that each of the first leaflet - engaging tab and the second 
leaflet - engaging tab includes ( i ) an outer layer , and ( ii ) an 
inner layer that is positioned to be sandwiched between the 
outer layer and the one or more leaflets , and : 
[ 0195 ] the first and second rows of first - tab stitching holes 
are defined in the inner layer of the first leaflet - engaging tab , 
and 
[ 0196 ] the first and second rows of second - tab stitching 
holes are defined in the inner layer of the second leaflet 
engaging tab . 
[ 0197 ] In an application : 
[ 0198 ] the first leaflet - engaging tab further defines a third 
row of first - tab stitching holes , defined in the outer layer of 
the first leaflet - engaging tab , and aligned with the first row 
of first - tab stitching holes , 
[ 0199 ] the second leaflet - engaging tab further defines a 
third row of second - tab stitching holes , defined in the outer 
layer of the second leaflet - engaging tab , and aligned with the 
first row of second - tab stitching holes . 
[ 0200 ] In an application , the apparatus further includes : 
[ 0201 ] a tubular frame that defines a lumen therethrough ; 

[ 0204 ] In an application : 
[ 0205 ] the leaflet receptacle includes : 

[ 0206 ] a first leaflet - engaging tab , extending from the 
first side of the panel , and 

[ 0207 ] a second leaflet - engaging tab , extending from 
the first side of the panel ; and 

[ 0208 ] the first and second leaflets are sandwiched 
together between the first and second leaflet - engaging tabs , 
and are stitched to the first and second leaflet - engaging tabs 
such that , on opposite sides of the sandwiched leaflets : 

[ 0209 ] the first row of first - tab stitching holes and the 
first row of second - tab stitching holes are aligned with 
each other , and 

[ 0210 ] the second row of first - tab stitching holes and the 
second row of second - tab stitching holes are aligned 
with each other . 

0211 ] In an application , the first leaflet has a first - leaflet 
downstream edge , and the second leaflet has a second - leaflet 
downstream edge , and each of the first and second leaflet 
engaging tabs extends in a downstream direction beyond the 
first - leaflet downstream edge and the second - leaflet down 
stream edge . 
[ 0212 ] In an application : 
[ 0213 ] the first leaflet has a first - leaflet downstream edge , 
and the second leaflet has a second - leaflet downstream edge , 
[ 0214 ] the first and second leaflets are configured : 

[ 0215 ] to inhibit fluid flow in an upstream direction by 
the first and second leaflets moving toward each other 
in response to the fluid flow in an upstream direction , 
such that the first - leaflet downstream edge and the 
second - leaflet downstream edge move away from the 
frame , and 

[ 0216 ] to facilitate fluid flow in a downstream direction 
by the first and second leaflets moving away from each 
other in response to the fluid flow in a downstream 
direction , such that the first - leaflet downstream edge 
and the second - leaflet downstream edge move toward 
the frame , 

[ 0217 ] the first leaflet - engaging tab defines a first cushion 
that inhibits movement of a commissural portion of the first 
leaflet toward the frame , and 
[ 0218 ] the second leaflet - engaging tab defines a second 
cushion that inhibits movement of a commissural portion of 
the second leaflet toward the frame . 
[ 0219 ] In an application , the first cushion and the second 
cushion are disposed further downstream than the first 
leaflet downstream edge and the second - leaflet downstream 
edge . 
[ 0220 ] In an application , the first and second cushions are 
each defined by folds in the flexible sheet . 
[ 0221 ] In an application : 
0222 ] the leaflet receptacle includes : 

[ 0223 ] a first leaflet - engaging tab , extending from the 
first side of the panel , and defining a first row of 
first - tab stitching holes and a second row of first - tab 
stitching holes , and 

[ 0224 ] a second leaflet - engaging tab , extending from 
the first side of the panel , and defining a first row of 
second - tab stitching holes and a second row of second 
tab stitching holes ; and 

[ 0225 ] the first and second leaflets are sandwiched 
together between the first and second leaflet - engaging tabs , 
and are stitched to the first and second leaflet - engaging tabs 
such that , on opposite sides of the sandwiched leaflets : 

and 
[ 0202 ] a first prosthetic leaflet and a second prosthetic 
leaflet , the first and second prosthetic leaflets disposed 
within the lumen , 
and the apparatus defines a commissure at which the first and 
second leaflets meet each other and are coupled to the frame 
via the connector . 
[ 0203 ] In an application , the leaflets define an upstream 
end and a downstream end of the lumen by being arranged 
and coupled to the frame so as to facilitate one - way fluid 
flow through the lumen . 
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[ 0226 ] the first row of first - tab stitching holes and the 
first row of second - tab stitching holes are aligned with 
each other , and 

[ 0227 ] the second row of first - tab stitching holes and the 
second row of second - tab stitching holes are aligned 
with each other . 

[ 0228 ] In an application , the first and second rows of 
first - tab stitching holes diverge from each other such that 
progressively downstream parts of the first and second rows 
of first - tab stitching holes are progressively further from 
each other , and the first and second rows of second - tab 
stitching holes diverge from each other such that progres 
sively downstream parts of the first and second rows of 
second - tab stitching holes are progressively further from 
each other . 
[ 0229 ] In an application , the first and second rows of 
first - tab stitching holes diverge at 10 - 45 degrees from each 
other , and the first and second rows of second - tab stitching 
holes diverge at 10 - 45 degrees from each other . 
[ 0230 ] In an application : 
[ 0231 ] the connector is a first connector , 
( 0232 ) the commissure is a first commissure , 
[ 0233 ] the apparatus further includes a second connector , 
a third connector , and a third leaflet , and 
[ 0234 ] the apparatus defines : 

[ 0235 ] a second commissure at which the second and 
third leaflets meet each other and are coupled to the 
frame via the second connector , and 

[ 0236 ] a third commissure at which the third and first 
leaflets meet each other and are coupled to the frame 
via the third connector . 

[ 0237 ] In an application , the fold axis of each flap is 
oriented at 70 - 110 degrees from the fold axis of each of its 
adjacent flaps . 
[ 0238 ] In an application , the fold axis of each flap is 
oriented at 80 - 100 degrees from the fold axis of each of its 
adjacent flaps . 
[ 0239 ] In an application , the connector has a folded state 
in which the sheet is folded to define the panel , the leaflet 
receptacle , and the plurality of flaps , and the sheet further 
has an unfolded state in which the sheet defines a plane , and 
further defines , in the plane : 
[ 0240 ] the panel , at a medial region of the sheet , 
[ 0241 ] the flaps , disposed peripherally to the panel , 
[ 0242 ] a first tab portion and a second tab portion , each of 
the tab portions disposed peripherally from the panel , 
and in the folded state , each of the tab portions defines a 
respective leaflet - engaging tab , and the leaflet receptacle 
includes the leaflet - engaging tab of each of the tab portions . 
[ 0243 ] In an application , in the folded state , a first flap part 
of each of the flaps is disposed on the first side of the panel , 
and each of the flaps is folded around the panel such that a 
second flap part of each of the flaps is disposed on the second 
side of the panel . 
[ 0244 ] In an application , the sheet further defines a first 
bridging element via which the first tab portion is connected 
to the panel , and a second bridging element via which the 
second tab portion is connected to the panel . 
0245 ] In an application , in the folded state , the first and 
second bridging elements extend from respective edges of 
the panel and toward each other across the first side of the 
panel , and each of the first and second tab portions protrudes 
from the respective bridging element in the first direction 
away from the first side of the panel . 

[ 0246 ] In an application , the flaps are connected to the 
panel independently of the bridging elements . 
[ 0247 ] In an application , the flaps are connected to the 
panel via the bridging elements . 
[ 0248 ] In an application , in the unfolded state : 
[ 02491 the panel , the first and second bridging elements , 
and the first and second tab portions are arranged in a row 
that defines a lateral axis in the plane , the lateral axis passing 
through the panel , the first and second bridging elements , 
and the first and second tab portions , and 
[ 0250 ] for each of the bridging elements , a first flap of the 
plurality of flaps and a second flap of the plurality of flaps 
are connected to the bridging element , the lateral axis 
passing between the first and second flaps . 
[ 0251 ] In an application , in the folded state , the bridging 
elements are disposed on the first side of the panel , and each 
flap extends from one of the bridging elements and around 
the panel such that a flap part of each flap is disposed on the 
second side of the panel . 
[ 0252 ] In an application , in the unfolded state , the first tab 
portion and the second tab portion flank the panel by being 
disposed , in the plane , on opposing lateral sides of the panel . 
[ 0253 ] In an application , in the unfolded state , the first and 
second tab portions , the first and second bridging elements , 
and the panel are arranged in a row that defines a lateral axis 
in the plane , and the fold axis of each of the flaps is at 30 - 60 
degrees from the lateral axis . 
[ 0254 ] There is further provided , in accordance with an 
application of the present invention , apparatus for use with 
a prosthetic valve , the apparatus including a connector , the 
connector comprising : 
[ 0255 ) a panel , having a first side that faces in a first 
direction , and a second side that faces in a second , opposite 
direction ; 
[ 0256 ] a leaflet - engaging tab , protruding from the first side 
in the first direction ; and 
[ 0257 ] a plurality of flaps , each flap extending from the 
panel , and configured to fold , over a respective fold axis , 
toward the second direction , the plurality of flaps arranged 
in a circuit such that each flap has two adjacent flaps around 
the circuit , and : 
10258 ] the fold axis of each flap is oriented at 60 - 120 
degrees from the fold axis of each of its adjacent flaps . 
[ 0259 ] In an application , the panel substantially defines a 
plane , and each flap is configured to fold , over its respective 
fold axis , out of the plane . 
[ 0260 ] In an application , each flap is configured to fold 
over a respective portion of the second side of the panel . 
[ 0261 ] In an application , the connector consists of a single 
unitary sheet of a material that is folded to define the panel , 
the leaflet - engaging tab , and the plurality of flaps . 
[ 0262 ] In an application , the plurality of flaps includes 
exactly four flaps . 
[ 0263 ] In an application , the fold axis of each flap is 
oriented at 70 - 110 degrees from the fold axes of its adjacent 
flaps . 
[ 0264 ] In an application , the fold axis of each flap is 
oriented at 80 - 100 degrees from the fold axes of its adjacent 
flaps . 
[ 0265 ] In an application , the fold axis of each flap is 
oriented at approximately 90 degrees from the fold axes of 
its adjacent flaps . 
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[ 0290 ] has a relaxed expanded state in which the ring 
defines an outer - stent - frame relaxed expanded diameter 
that is smaller than the inner - stent - frame expanded 
diameter , 

and : 

[ 0266 ] There is further provided , in accordance with an 
application of the present invention , a method , including : 
[ 0267 ] folding a flexible sheet to define a connector hav 
ing : 

[ 0268 ] a panel , having a first side facing in a first 
direction , and a second side that is opposite the first 
side ; 

[ 0269 ] a leaflet receptacle , disposed on the first side of 
the panel , and protruding in the first direction away 
from the panel ; and 

[ 0270 ] a plurality of flaps , each flap folded about a 
respective fold axis such that at least part of each flap 
is disposed on the second side of the panel ; 

[ 0271 ] attaching one or more leaflets to the connector by 
stitching the one or more leaflets to the leaflet receptacle ; 
and 
[ 0272 ] attaching the connector to a frame assembly by 
folding each flap of the plurality of flaps around a respective 
component of the frame assembly , and securing them by 
stitching . 
[ 0273 ] There is further provided , in accordance with an 
application of the present invention , apparatus for use at a 
heart valve of a subject , the apparatus including : 
[ 0274 ] a frame assembly , transluminally advanceable to 
the heart , and including : 

10275 ] an inner stent frame that defines a tubular por 
tion ; and 

[ 0276 ] an outer stent frame that defines a ring that is 
coupled to the inner stent frame , and circumscribes the 
tubular portion ; and 

0277 ] a plurality of prosthetic valve leaflets , coupled to 
the frame assembly and disposed in the tubular portion , 
and the inner stent frame is cut from a first tube of nitinol 
that has a first - tube wall thickness , 
and the outer stent frame is cut from a second tube of nitinol 
that has a second - tube wall thickness that is greater than the 
first - tube wall thickness . 
10278 ] In an application , the first - tube wall thickness is 
0 . 45 - 0 . 65 mm , and the second - tube wall thickness is 0 . 6 - 0 . 8 
mm . 
10279 ] . In an application , the second - tube wall thickness is 
at least 20 percent greater than the first - tube wall thickness . 
[ 0280 ] In an application , the second - tube wall thickness is 
at least 30 percent greater than the first - tube wall thickness . 
[ 0281 ] In an application : 
[ 0282 ] the inner frame further defines an annular upstream 
support portion , extending from the tubular portion , and 
dimensioned to be placed against an upstream surface of the 
heart valve , and 
10283 ] the outer frame further defines a plurality of flanges 
that extend from the tubular portion , and are dimensioned to 
be placed against a downstream surface of the heart valve . 
[ 0284 ] There is further provided , in accordance with an 
application of the present invention , apparatus for use with 
a heart of a subject , the apparatus including : 
102851 an inner stent frame that : 

[ 0286 ] defines a tubular portion and a plurality of inner 
frame coupling elements , and 

0287 ] has a relaxed expanded state in which the tubular 
portion defines an inner - stent - frame relaxed expanded 
diameter ; and 

[ 0288 ] an outer stent frame , that : 
[ 0289 ] defines a ring and a plurality of outer - frame 
coupling elements , and 

[ 0291 ] together , the inner stent frame and the outer stent 
frame define at least part of a frame assembly in which the 
outer - frame coupling elements are fixed to the inner - frame 
coupling elements and the ring circumscribes the tubular 
portion , and 
[ 0292 ] the frame assembly : 

[ 0293 ] further includes a plurality of prosthetic leaflets 
secured to , and disposed within , the tubular portion , 

[ 02941 has a compressed state in which the frame 
assembly is transluminally advanceable to the heart , 
and 

[ 0295 ] is expandable into an expanded state in which 
the tubular portion defines an inner - stent - frame con 
strained expanded diameter that is smaller than the 
inner - stent - frame relaxed expanded diameter . 

[ 0296 ] In an application , the outer frame is coupled to the 
inner frame such that : 
[ 0297 ] in the compressed state of the frame assembly , the 
outer frame is in circumferential contact with the tubular 
portion , and 
[ 0298 ] throughout expansion of the frame assembly into 
its expanded state , circumferential contact is maintained 
between the outer frame and the tubular portion . 
[ 0299 ] In an application , the outer - frame coupling ele 
ments are welded to the inner - frame coupling elements . 
10300 ] In an application : 
[ 0301 ] the apparatus defines a plurality of commissures at 
which the leaflets are secured to the frame assembly , and 
[ 0302 ] the outer frame is secured to the inner frame by 
both ( i ) the fixation of the outer - frame coupling elements to 
the inner - frame coupling elements , and ( ii ) stitching of the 
outer frame to the inner frame at the commissures . 
10303 ] In an application : 
0304 ] the apparatus defines a plurality of commissures , 
[ 0305 ] at each of the commissures , the apparatus includes 
a plurality of stitches , and 
[ 0306 ] commissural portions of the two prosthetic leaflets 
are secured to the inner stent frame and to the outer stent 
frame via the plurality of stitches . 
[ 0307 ] In an application , at each commissure the apparatus 
includes a fabric connector to which the commissural por 
tions of the two leaflets are secured , and the plurality of 
stitches secures the commissural portions of the two leaflets 
to the inner stent frame and the outer stent frame by being 
attached to the fabric connector . 
[ 0308 ] In an application , the fabric connector is shaped to 
define ( i ) a panel having a first side and a second side , ( ii ) 
one or more leaflet - engaging tabs to which the commissural 
portions of the two leaflets are stitched , the tabs protruding 
from the first side of the panel , and ( iii ) a plurality of flaps , 
wrapped around elements of the inner stent frame and 
elements of the outer stent frame , and secured thus by 
stitching . 
[ 0309 ] There is further provided , in accordance with an 
application of the present invention , apparatus for use in a 
heart of a subject , the apparatus including : 
0310 ] a frame assembly defining : 

[ 0311 ] a tubular portion that defines a longitudinal 
lumen therethrough , 
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[ 0312 ] an upstream support portion , coupled to the 
tubular portion , and 

[ 0313 ] a plurality of flanges , coupled to the tubular 
portion ; and 

[ 0314 ] a plurality of prosthetic valve leaflets , coupled to 
the tubular portion , and disposed within the lumen , 
and : 
[ 0315 ] the frame assembly : 

[ 0316 ] has a compressed state for transluminal delivery 
to the heart , and 

[ 0317 ] has an expanded state , in which : 
[ 0318 ] the upstream support portion extends radially 

outward from the tubular portion , 
[ 0319 ] the flanges extend radially outward from the 
tubular portion and toward the upstream support 
portion , 

[ 0320 ] the tubular portion has a transverse cross 
sectional area , and 

[ 0321 ] the frame assembly defines a toroidal space 
between the flanges , the upstream support portion , 
and the tubular portion , the toroidal space circum 
scribing the tubular portion and having a cross 
sectional area that is 5 - 10 percent of the transverse 
cross - sectional area of the tubular portion . 

[ 0322 ] In an application : 
[ 0323 ] the frame assembly is a first frame assembly , the 
plurality of leaflets is a first plurality of leaflets , and the 
apparatus includes a first implant that includes the first frame 
assembly and the first plurality of leaflets , and 
[ 0324 ] the apparatus further includes a second implant that 
includes : 

[ 0325 ] a second frame assembly defining : 
[ 0326 ] a second tubular portion that defines a second 

longitudinal lumen therethrough , 
[ 0327 ] a second upstream support portion , coupled to 

the second tubular portion , and 
[ 0328 ] a second plurality of flanges , coupled to the 

second tubular portion ; and 
[ 0329 ] a second plurality of prosthetic valve leaflets , 

coupled to the second tubular portion , and disposed 
within the second lumen , 

5 - 10 percent of the transverse cross - sectional area 
of the second tubular portion . 

[ 0337 ] In an application , the frame assembly is dimen 
sioned such that the cross - sectional area of the toroidal space 
is 5 - 8 percent of the transverse cross - sectional area of the 
tubular portion . 
[ 0338 ] In an application , the frame assembly is dimen 
sioned such that the cross - sectional area of the toroidal space 
is 6 - 7 percent of the transverse cross - sectional area of the 
tubular portion . 
[ 0339 ] In an application , the frame assembly is dimen 
sioned such that the cross - sectional area of the toroidal space 
is 6 . 5 - 7 . 5 percent of the transverse cross - sectional area of 
the tubular portion . 
[ 0340 ] In an application , the upstream support portion 
includes a plurality of arms that , in the expanded state of the 
frame assembly , protrude radially outward from the tubular 
portion . 
[ 0341 ] In an application : 
[ 0342 ] the tubular portion has an upstream end and a 
downstream end , 
[ 0343 ] the prosthetic leaflets are configured to provide 
one - way blood flow through the lumen from the upstream 
end to the downstream end , 
[ 0344 ] each arm of the plurality of arms is attached to the 
tubular portion at a site that is downstream of the upstream 
end , 
[ 0345 ] progressively lateral portions of each arm define , 
respectively : 

10346 ] an ascending portion that extends in an upstream 
direction past the upstream end of the tubular portion , 

0347 ] an arch portion that curves in a downstream 
direction to form an arch , and 

[ 0348 ] a lateral portion that curves in an upstream 
direction . 

[ 0349 ] In an application , the frame assembly defines the 
toroidal space between the flanges , the tubular portion , and 
the arch portions of the arms of the upstream support 
portion . 
10350 ] In an application , each flange extends radially 
outward from the tubular portion and toward a tip of the 
flange , and the arch portion of the arms curves in a down 
stream direction past the tips of the flanges . 
[ 0351 ] There is further provided , in accordance with an 
application of the present invention , apparatus for use at a 
heart valve of a subject , the apparatus including : 
[ 0352 ] a first implant and a second implant , each implant 
being transluminally advanceable to the heart , and includ 
ing : 

[ 0353 ] a frame assembly that includes : 
[ 0354 ] an inner stent frame that defines a tubular 

portion that defines a lumen ; and 
[ 0355 ] an outer stent frame that defines a ring that is 

coupled to the inner stent frame , and circumscribes 
the tubular portion ; and 

[ 0356 ] a plurality of prosthetic valve leaflets , coupled to 
the frame assembly and disposed in the tubular portion ; and 
[ 0357 ] a delivery tool , including a delivery capsule that 
has a capsule diameter , and : 
[ 0358 ] the first implant has : 

[ 0359 ] an expanded state in which its lumen has a 
lumen diameter , and 

and : 
[ 0330 ] the second frame assembly : 

[ 0331 ] has a compressed state for transluminal deliv 
ery to the heart , and 

[ 0332 ] has an expanded state , in which : 
[ 0333 ] the second upstream support portion 

extends radially outward from the second tubular 
portion ; and 

[ 0334 ] the flanges of the second plurality of flanges 
extend radially outward from the second tubular 
portion and toward the second upstream support 
portion , 

[ 0335 ] the second tubular portion has a transverse 
cross - sectional area that is at least 30 percent 
greater than the transverse cross - sectional area of 
the first tubular portion of the first implant , and 

[ 03361 the second frame assembly defines a second 
toroidal space between the flanges of the second 
plurality of flanges , the second upstream support 
portion , and the second tubular portion , the second 
toroidal space circumscribing the second tubular 
portion and having a cross - sectional area that is 
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[ 0360 ] a compressed state in which the first implant has 
a compressed diameter , and is dimensioned to be 
housed within the delivery capsule , and 

[ 0361 ] the second implant has : 
10362 ] an expanded state in which its lumen has a 
lumen diameter that is at least 15 percent greater than 
the lumen diameter of the first implant , and 

10363 ] a compressed state in which the second implant 
has a compressed diameter that is no more than 2 
percent greater than the compressed diameter of the 
first implant , and is dimensioned to be housed within 
the delivery capsule . 

[ 0364 ] The present invention will be more fully under 
stood from the following detailed description of applications 
thereof , taken together with the drawings , in which : 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0365 ] FIGS . 1A - B and 2A - E are schematic illustrations 
of an implant for use with a native valve of a heart of a 
subject , in accordance with some applications of the inven 
tion ; 
[ 0366 ] FIGS . 3A - C are schematic illustrations that show 
structural changes in a frame assembly during transitioning 
of the assembly between its compressed and expanded 
states , in accordance with some applications of the inven 
tion ; 
[ 0367 ] FIGS . 4A - F are schematic illustrations of implan 
tation of the implant at the native valve , in accordance with 
some applications of the invention ; 
[ 0368 ] FIG . 5 is a schematic illustration of a step in the 
implantation of the implant , in accordance with some appli 
cations of the invention ; 
[ 0369 ] FIG . 6 is a schematic illustration of the implant , in 
accordance with some applications of the invention ; 
[ 0370 ] FIGS . 7A - B and 8A - B are schematic illustrations 
of frame assemblies of respective implants , in accordance 
with some applications of the invention ; 
[ 0371 ] FIGS . 9A - C are schematic illustrations of an 
implant comprising a frame assembly , in accordance with 
some applications of the invention ; 
[ 0372 ] FIG . 10 is a schematic illustration of a frame 
assembly of an implant , in accordance with some applica 
tions of the invention ; 
0373 ) FIGS . 11A - C are schematic illustrations of a con 
nector and a commissure of a prosthetic valve , in accordance 
with some applications of the invention ; 
10374 ] FIGS . 12A - B and 13A - G are schematic illustra 
tions of a connector for connecting prosthetic leaflets to a 
frame of a prosthetic valve implant , in accordance with some 
applications of the invention ; and 
[ 0375 ] FIGS . 14A - B are schematic illustrations of a con 
nector for connecting prosthetic leaflets to a frame of a 
prosthetic valve implant , in accordance with some applica 
tions of the invention . 

tubular portion 32 that has an upstream end 34 and a 
downstream end 36 , and is shaped to define a lumen 38 
through the tubular portion from the upstream end to the 
downstream end . Tubular portion 32 circumscribes axis ax1 , 
and thereby defines lumen 38 along the axis . Valve frame 30 
further comprises an upstream support portion 40 , extending 
from upstream end 34 of tubular portion 32 . Frame assembly 
22 further comprises at least one leg 50 , coupled to valve 
frame 30 at ( e . g . , via ) a coupling point 52 , and having a 
tissue - engaging flange 54 . 
[ 0377 ] Typically , and as described hereinbelow , leg 50 is 
part of an outer frame ( or “ leg frame " ) 60 , and frames 30 and 
60 define respective coupling elements 31 and 61 , which are 
fixed with respect to each other at coupling points 52 . 
Typically , frames 30 and 60 are coupled to each other only 
at coupling points 52 ( e . g . , only via the fixation of coupling 
elements 31 and 61 with respect to each other ) . 
[ 0378 ] Implant 20 further comprises a valve member 58 
( e . g . , one or more prosthetic leaflets ) disposed within lumen 
38 , and configured to facilitate one - way liquid flow through 
the lumen from upstream end 34 to downstream end 36 ( e . g . , 
thereby defining the orientation of the upstream and down 
stream ends of tubular portion 32 ) . FIG . 1A shows implant 
20 in a fully - expanded state , in which frame assembly 22 is 
in a fully - expanded state . FIG . 1B shows an exploded view 
of frame assembly 22 in its fully - expanded state . FIGS . 
2A - E show respective states of implant 20 , which will be 
discussed in more detail hereinbelow with respect to the 
implantation of the implant and the anatomy in which the 
implant is implanted . FIG . 2A shows implant 20 in a 
compressed state ( in which frame assembly 22 is in a 
compressed state ) , for percutaneous delivery of the implant 
to the heart of the subject . Typically , in the compressed state , 
leg 50 ( including flange 54 thereof ) is in a constrained 
flange state in which the flange is generally parallel with axis 
axl . Further typically , in the compressed state , upstream 
support portion 40 is generally tubular , collinear with tubu 
lar portion 32 ( e . g . , extending collinearly from the tubular 
portion ) , and disposed around axis ax1 . 
[ 0379 ] FIG . 2B shows a state of implant 20 in which 
tissue - engaging flange 54 of each leg 50 extends radially 
away from axis ax1 ( e . g . , radially away from tubular portion 
32 ) . FIG . 2C shows a state of implant 20 in which upstream 
support portion 40 extends radially away from axis ax1 ( and 
thereby radially away from tubular portion 32 ) . FIG . 2D 
shows a state of implant 20 in which both flange 54 and 
portion 40 extend away from axis ax1 . In the fully - expanded 
state ( FIGS . 1A - B ) both upstream support portion 40 and 
flange 54 extend radially away from axis axl . Typically , 
frame assembly 22 is biased ( e . g . , shape - set ) to assume its 
fully - expanded state , which is shown in FIG . 2E . Transi 
tioning of implant 20 between the respective states is 
typically controlled by delivery apparatus , such as by con 
straining the implant in a compressed state within a delivery 
tube and / or against a control rod , and selectively releasing 
portions of the implant to allow them to expand . 
[ 0380 ] In the compressed state of frame assembly 22 , 
tubular portion 32 has a diameter d1 , and in the expanded 
state , the tubular portion has a diameter d2 that is greater that 
diameter d1 . For some applications , diameter d1 is 4 - 15 mm , 
( e . g . , 5 - 11 mm ) and diameter d2 is 20 - 50 mm , ( e . g . , 23 - 33 
mm ) . For some applications , and as shown , in its expanded 
state tubular portion 32 bulges slightly in its middle ( e . g . , is 
slightly barrel - shaped ) . For such applications , values of 

DETAILED DESCRIPTION OF EMBODIMENTS 
[ 0376 ] Reference is made to FIGS . 1A - B and 2A - E , which 
are schematic illustrations of an implant 20 for use with a 
native valve of a heart of a subject , in accordance with some 
applications of the invention . Implant 20 comprises a frame 
assembly 22 that has an upstream end 24 , a downstream end 
26 , and a central longitudinal axis axl therebetween . Frame 
assembly 22 comprises a valve frame 30 that comprises a 
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diameter d2 are the average diameter along the tubular 
portion . Similarly , values for the cross - sectional area of the 
tubular portion are the average cross - sectional area along the 
tubular portion . This also applies to other implants described 
herein , mutatis mutandis . 
[ 0381 ] Frame assembly 22 is configured such that increas 
ing the diameter of tubular portion 32 ( e . g . , from d1 to d2 ) 
causes longitudinal movement of flange 54 away from 
coupling point 52 . In the same way , reducing the diameter of 
tubular portion 32 ( e . g . , from d2 to dl ) causes longitudinal 
movement of flange 54 toward coupling point 52 . It is to be 
noted that the term “ longitudinal movement ” ( including the 
specification and the claims ) means movement parallel with 
central longitudinal axis ax1 . Therefore , longitudinal move 
ment of flange 54 away from coupling point 52 means 
increasing a distance , measured parallel with longitudinal 
axis axi , between flange 54 and coupling point 52 . An 
example of such a configuration is described in more detail 
with respect to FIG . 3A . 
[ 0382 ] Similarly reference to an element being " upstream 
of ” ( or " above ” ) or " downstream of ” ( or “ below ” ) another 
element refers to its relative position along the central 
longitudinal axis of the implant ( " upstream " and " down 
stream " being defined by the direction in which the implant 
facilitates blood flow ) . 
[ 0383 ] Thus , expansion of tubular portion 32 from its 
compressed state toward its expanded state ( i ) increases a 
circumferential distance between each of coupling points 52 
and its adjacent coupling points ( e . g . , between each of 
outer - frame coupling elements 61 and its adjacent outer 
frame coupling elements ) ( e . g . , from d8 to 09 ) , and ( ii ) 
moves legs 50 in a longitudinally upstream direction with 
respect to the tubular portion . 
[ 0384 ] Typically , frame assembly 22 is configured such 
that increasing the diameter of tubular portion 32 also causes 
longitudinal movement of upstream support portion 40 
toward coupling point 52 , e . g . , as described in more detail 
with respect to FIGS . 3B - C . Typically , frame assembly 22 is 
configured such that increasing the diameter of tubular 
portion 32 also causes longitudinal movement of upstream 
end 34 of tubular portion 32 toward coupling point 52 . In the 
same way , reducing the diameter of tubular portion 32 
causes longitudinal movement of upstream end 34 away 
from coupling point 52 . 
[ 0385 ] For some applications , upstream support portion 40 
comprises a plurality of arms 46 that each extends radially 
outward from tubular portion 32 ( e . g . , from upstream end 34 
of the tubular portion ) . Arms 46 are typically flexible . For 
some such applications , arms 46 are coupled to tubular 
portion 32 such that each arm may deflect independently of 
adjacent arms during implantation ( e . g . , due to anatomical 
topography ) . 
[ 0386 ] For some applications , upstream support portion 40 
comprises a plurality of barbs 48 that extend out of a 
downstream surface of the upstream support portion . For 
example , each arm 46 may comprise one or more of barbs 
48 . Barbs 48 press into tissue upstream of the native valve 
( e . g . , into the valve annulus ) , thereby inhibiting downstream 
movement of implant 20 ( in addition to inhibition of down 
stream movement provided by the geometry of upstream 
support portion 40 ) . 
[ 0387 ] One or more surfaces of frame assembly 22 are 
covered with a covering 23 , which typically comprises a 
flexible sheet , such as a fabric , e . g . , comprising polyester . 

Typically , covering 23 covers at least part of tubular portion 
32 , typically lining an inner surface of the tubular portion , 
and thereby defining lumen 38 . 
[ 0388 ] Further typically , upstream support portion 40 is 
covered with covering 23 , e . g . , extending between arms 46 
to form an annular shape . It is hypothesized that this reduces 
a likelihood of paravalvular leakage . For such applications , 
excess covering 23 may be provided between arms 46 of 
upstream support portion 40 , so as to facilitate their inde 
pendent movement . Although FIG . 1A shows covering 23 
covering an upstream side of upstream support portion 40 , 
the covering typically additionally ( or alternatively ) covers 
the downstream side of the upstream support portion . For 
example , covering 23 may extend over the tips of arms 46 
and down the outside of the arms , or a separate piece of 
covering may be provided on the downstream side of the 
upstream support portion . 
[ 0389 ] Alternatively , each arm 46 may be individually 
covered in a sleeve of covering 23 , thereby facilitating 
independent movement of the arms . 
[ 0390 ] For some applications , at least part of legs 50 ( e . g . , 
flanges thereof ) is covered with covering 23 . 
[ 0391 ] Typically , frame assembly 22 comprises a plurality 
of legs 50 ( e . g . , two or more legs , e . g . , 2 - 16 legs , such as 
4 - 12 legs , such as 6 - 12 legs ) , arranged circumferentially 
around valve frame 30 ( e . g . , around the outside of tubular 
portion 32 ) . Typically , frame assembly 22 comprises a 
plurality of coupling points 52 at which the legs are coupled 
to valve frame 30 . 
[ 0392 ] As described in more detail hereinbelow ( e . g . , with 
reference to FIG . 3A ) , each leg 50 is typically coupled to a 
coupling point 52 via a strut 70 . For some applications , each 
leg 50 is coupled to a plurality of ( e . g . , two ) coupling points 
52 via a respective plurality of ( e . g . , two ) struts 70 . For some 
such applications , frame assembly 22 is arranged such that , 
in the expanded state of the frame assembly , leg 50 is 
disposed , circumferentially with respect to tubular portion 
32 , between two struts , and each of the two struts are 
disposed , circumferentially with respect to the tubular por 
tion , between the leg and a respective coupling point 52 . 
[ 0393 ] For some applications , a plurality of ( e . g . , two ) legs 
are coupled to each coupling point 52 via a respective 
plurality of ( e . g . , two ) struts 70 . For some such applications , 
frame assembly 22 is arranged such that , in the expanded 
state of the frame assembly , coupling point 52 is disposed , 
circumferentially with respect to tubular portion 32 , between 
two struts 70 , and each of the two struts are disposed , 
circumferentially with respect to the tubular portion , 
between the coupling point and a respective leg 50 . 
[ 0394 ] For some applications , frame assembly 22 com 
prises an outer frame ( e . g . , a leg frame ) 60 that circum 
scribes tubular portion 32 , comprises ( or defines ) the plu 
rality of legs 50 and the plurality of struts 70 , and is coupled 
to valve frame 30 at the plurality of coupling points 52 , such 
that the plurality of legs are distributed circumferentially 
around the tubular portion . For such applications , outer 
frame 60 comprises a ring 66 that is defined by a pattern of 
alternating peaks 64 and troughs 62 , and that typically 
circumscribes tubular portion 32 . For example , the ring may 
comprise struts 70 , extending between the peaks and 
troughs . Peaks 64 are longitudinally closer to upstream end 
34 of tubular portion 32 than to downstream end 36 , and 
troughs 62 are longitudinally closer to the downstream end 
than to the upstream end . ( It is to be noted that throughout 
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this patent application , including the specification and the 
claims , the term “ longitudinally ” means with respect to 
longitudinal axis ax1 . For example , " longitudinally closer ” 
means closer along axis ax1 ( whether positioned on axis ax1 
or lateral to axis axl ) , and “ longitudinal movement ” means 
a change in position along axis axl ( which may be in 
additional to movement toward or away from axis axl ) . ) 
Therefore , peaks 64 are closer than troughs 62 to upstream 
end 34 , and troughs 62 are closer than peaks 64 to down 
stream end 36 . For applications in which frame 60 comprises 
ring 66 , each leg 50 is coupled to the ring ( or defined by 
frame 60 ) at a respective trough 62 . 
[ 0395 ] In the embodiment shown , the peaks and troughs 
are defined by ring 66 having a generally zig - zag shape . 
However , the scope of the invention includes ring 66 having 
another shape that defines peaks and troughs , such as a 
serpentine or sinusoid shape . 
[ 0396 ] For applications in which frame assembly 22 has a 
plurality of coupling points 52 , the coupling points ( and 
therefore coupling elements 31 and 61 ) are disposed cir 
cumferentially around the frame assembly ( e . g . , around axis 
axl ) , typically on a transverse plane that is orthogonal to 
axis ax1 . This transverse plane is illustrated by the position 
of section A - A in FIG . 2B . Alternatively , coupling points 52 
may be disposed at different longitudinal heights of frame 
assembly 22 , e . g . , such that different flanges 54 are posi 
tioned and / or moved differently to others . Typically , cou 
pling points 52 ( and therefore coupling elements 31 and 61 ) 
are disposed longitudinally between upstream end 24 and 
downstream end 26 of frame assembly 22 , but not at either 
of these ends . Further typically , coupling points 52 are 
disposed longitudinally between upstream end 34 and down 
stream end 36 of tubular portion 32 , but not at either of these 
ends . For example , the coupling points may be more than 3 
mm ( e . g . , 4 - 10 mm ) both from end 34 and from end 36 . It 
is hypothesized that this advantageously positions the cou 
pling points at a part of tubular portion 32 that is more rigid 
than end 34 or end 36 . 
[ 0397 ] It is to be noted that leg 50 is typically expandable 
into its expanded state ( e . g . , a released - flange state ) such that 
flange 54 extends away from axis ax1 , independently of 
increasing the diameter of tubular portion 32 ( e . g . , as shown 
in FIGS . 2B & 2D ) . Similarly , upstream support portion 40 
is typically expandable into its expanded state ( e . g . , a 
released - arm state ) such that it ( e . g . , arms 46 thereof ) 
extends away from axis ax1 , independently of increasing the 
diameter of tubular portion 32 ( e . g . , as shown in FIGS . 2C 
& 2D ) . The state shown in FIG . 2D may be considered to be 
an intermediate state . Therefore , implant 20 is typically 
configured such that legs 50 ( e . g . , flanges 54 thereof ) and 
upstream support portion 40 are expandable such that they 
both extend away from axis ax1 , while retaining a distance 
d3 therebetween . This distance is subsequently reducible to 
a distance d4 by expanding tubular portion 32 ( e . g . , shown 
in FIG . 2E ) . 
[ 0398 ] For some applications , while tubular portion 32 
remains in its compressed state , flange 54 can extend away 
from axis axl over 40 percent ( e . g . , 40 - 80 percent , such as 
40 - 70 percent ) of the distance that it extends from the axis 
subsequent to the expansion of the tubular portion . For 
example , for applications in which implant 20 comprises a 
flange on opposing sides of the implant , a span d15 of the 
flanges while tubular portion 32 is in its compressed state 
may be at least 40 percent ( e . g . , 40 - 80 percent , such as 40 - 70 

percent ) as great as a span d16 of the flanges subsequent to 
the expansion of the tubular portion . For some applications , 
span d15 is greater than 15 mm and / or less than 50 mm ( e . g . , 
20 - 30 mm ) . For some applications , span d16 is greater than 
30 mm and / or less than 60 mm ( e . g . , 40 - 50 mm ) . It is to be 
noted that flange 54 is effectively fully expanded , with 
respect to other portions of leg 50 and / or with respect to 
tubular portion 32 , before and after the expansion of the 
tubular portion . 
[ 0399 ] Similarly , for some applications , while tubular por 
tion 32 remains in its compressed state , upstream support 
portion 40 ( e . g . , arms 46 ) can extend away from axis ax1 
over 30 percent ( e . g . , 30 - 70 percent ) of the distance that it 
extends from the axis subsequent to the expansion of the 
tubular portion . That is , for some applications , a span d17 of 
the upstream support portion while tubular portion 32 is in 
its compressed state may be at least 30 percent ( e . g . , 30 - 70 
percent ) as great as a span d18 of the upstream support 
portion subsequent to the expansion of the tubular portion . 
For some applications , span d17 is greater than 16 mm ( e . g . , 
greater than 20 mm ) and / or less than 50 mm ( e . g . , 30 - 40 
mm ) . For some applications , span d18 is greater than 40 mm 
and / or less than 65 mm ( e . g . , 45 - 56 mm , such as 45 - 50 mm ) . 
It is to be noted that upstream support portion 40 is effec 
tively fully expanded , with respect to tubular portion 32 , 
before and after the expansion of the tubular portion . 
[ 0400 ] It is to be noted that when tubular portion 32 is 
expanded , flanges 54 typically translate radially outward 
from span d15 to span d16 ( e . g . , without deflecting ) . Typi 
cally , upstream support portion 40 behaves similarly ( e . g . , 
arms 46 translated radially outward from span d17 to span 
d18 , e . g . , without deflecting ) . That is , an orientation of each 
flange 54 and / or each arm 46 with respect to tubular portion 
32 and / or axis ax1 is typically the same in the state shown 
in FIG . 2D as it is in the state shown in FIG . 2E . Similarly , 
for some applications an orientation of each flange 54 with 
respect to upstream support portion 40 ( e . g . , with respect to 
one or more arms 46 thereof ) is the same before and after 
expansion of tubular portion 32 . 
[ 0401 ] For some applications , increasing the diameter of 
tubular portion 32 from dl to d2 causes greater than 1 mm 
and / or less than 20 mm ( e . g . , 1 - 20 mm , such as 1 - 10 mm or 
5 - 20 mm ) of longitudinal movement of flange 54 away from 
coupling point 52 . For some applications , increasing the 
diameter of tubular portion 32 from d1 to d2 causes greater 
than 1 mm and / or less than 20 mm ( e . g . , 1 - 20 mm , such as 
1 - 10 mm or 5 - 20 mm ) of longitudinal movement of 
upstream support portion 40 toward coupling point 52 . For 
some applications , distance d3 is 7 - 30 mm . For some 
applications , distance d4 is 0 - 15 mm ( e . g . , 2 - 15 mm ) . For 
some applications , increasing the diameter of tubular portion 
32 from d1 to d2 reduces the distance between the upstream 
support portion and flanges 54 by more than 5 mm and / or 
less than 30 mm , such as 5 - 30 mm ( e . g . , 10 - 30 mm , such as 
10 - 20 mm or 20 - 30 mm ) . For some applications , the differ 
ence between d3 and d4 is generally equal to the difference 
between dl and d2 . For some applications , the difference 
between d3 and d4 is more than 1 . 2 and / or less than 3 times 
( e . g . , 1 . 5 - 2 . 5 times , such as about 2 times ) greater than the 
difference between dl and d2 . 
[ 0402 ] For some applications , flanges 54 curve such that a 
tip of each flange is disposed at a shallower angle with 
respect to inner region 42 of upstream support portion 40 , 
than are portions of leg 50 that are closer to downstream end 
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26 of frame assembly 22 . For some such applications , a tip 
of each flange may be generally parallel with inner region 
42 . For some such applications , while tubular portion 32 is 
in its expanded state , a tip portion 55 of each flange 54 that 
extends from the tip of the flange at least 2 mm along the 
flange , is disposed within 2 mm of upstream support portion 
40 . Thus , for some applications , while tubular portion 32 is 
in its expanded state , for at least 5 percent ( e . g . , 5 - 8 percent , 
or at least 8 percent ) of span 18 of upstream support portion 
40 , the upstream support portion is disposed within 2 mm of 
a flange 54 . 
[ 0403 ] For some applications , in the absence of any 
obstruction ( such as tissue of the valve or covering 23 ) 
between flange 54 and upstream support portion 40 , increas 
ing the diameter of tubular portion 32 from d1 to d2 causes 
the flange and the upstream support portion to move past 
each other ( e . g . , the flange may move between arms 46 of 
the upstream support portion ) , such that the flange is closer 
to the upstream end of implant 20 than is the upstream 
support portion , e . g . , as shown hereinbelow for frame 
assemblies 122 and 222 , mutatis mutandis . ( For applications 
in which upstream support portion 40 is covered by covering 
23 , flanges 54 typically don ' t pass the covering . For 
example , in the absence of any obstruction , flanges 54 may 
pass between arms 46 , and press directly against covering 
23 . ) It is hypothesized that for some applications this con 
figuration applies greater force to the valve tissue being 
sandwiched , and thereby further facilitates anchoring of the 
implant . That is , for some applications , distance d3 is 
smaller than the sum of distance d5 and a distance d14 
( described with reference to FIG . 3C ) . For some applica 
tions , increasing the diameter of tubular portion 32 from d1 
to d2 advantageously causes flanges 54 and upstream sup 
port portion 40 to move greater than 3 mm and / or less than 
25 mm ( e . g . , greater than 5 mm and / or less than 15 mm , e . g . , 
5 - 10 mm , such as about 7 mm ) with respect to each other 
( e . g . , toward each other and then past each other ) . 
[ 0404 ] For some applications , in the expanded state of 
frame assembly 22 , upstream support portion 40 has an inner 
region ( e . g . , an inner ring ) 42 that extends radially outward 
at a first angle with respect to axis axl ( and typically with 
respect to tubular portion 32 ) , and an outer region ( e . g . , an 
outer ring ) 44 that extends , from the inner region , further 
radially outward from the tubular portion at a second angle 
with respect to the tubular portion , the second angle being 
smaller than the first angle . For example , for some applica 
tions inner region 42 extends radially outward at an angle 
alpha _ 1 of 60 - 120 degrees ( e . g . , 70 - 110 degrees ) with 
respect to axis ax1 , and outer region 44 extends radially 
outward at an angle alpha _ 2 of 5 - 70 degrees ( e . g . , 10 - 60 
degrees ) with respect to axis axl . 
[ 0405 ] It is to be noted that angles alpha _ 1 and alpha _ 2 are 
measured between the respective region support portion 40 , 
and the portion of axis ax1 that extends in an upstream 
direction from the level of frame assembly 22 at which the 
respective region begins to extend radially outward . 
[ 0406 ] For some applications in which implant 20 is 
configured to be placed at an atrioventricular valve ( e . g . , a 
mitral valve or a tricuspid valve ) of the subject , region 42 is 
configured to be placed against the upstream surface of the 
annulus of the atrioventricular valve , and region 44 is 
configured to be placed against the walls of the atrium 
upstream of the valve . 

[ 0407 ] For some applications , outer region 44 is more 
flexible than inner region 42 . For example , and as shown , 
each arm 46 may have a different structure in region 44 than 
in region 42 . It is hypothesized that the relative rigidity of 
region 42 provides resistance against ventricular migration 
of implant 20 , while the relative flexibility of region 44 
facilitates conformation of upstream support portion 40 to 
the atrial anatomy . 
[ 0408 ] For some applications , two or more of arms 46 are 
connected by a connector ( not shown ) , reducing the flex 
ibility , and / or the independence of movement of the con 
nected arms relative to each other . For some applications , 
arms 46 are connected in particular sectors of upstream 
support portion 40 , thereby making these sectors more rigid 
than sectors in which the arms are not connected . For 
example , a relatively rigid sector may be provided to be 
placed against the posterior portion of the mitral annulus , 
and a relatively flexible sector may be provided to be placed 
against the anterior side of the mitral annulus , so as to reduce 
forces applied by upstream support portion 40 on the aortic 
sinus . 
[ 0409 ] For some applications , and as shown , coupling 
points 52 are disposed closer to downstream end 26 of frame 
assembly 22 than are flanges 54 , or is upstream support 
portion 40 . 
[ 0410 ] As described in more detail with respect to FIGS . 
4A - F , the movement of flange 54 away from coupling point 
52 ( and the typical movement of upstream support portion 
40 toward the coupling point ) facilitates the sandwiching of 
tissue of the native valve ( e . g . , leaflet and / or annulus tissue ) 
between the flange and the upstream support portion , 
thereby securing implant 20 at the native valve . 
[ 0411 ] Typically , in the compressed state of tubular por 
tion 32 , a downstream end of each leg 50 is longitudinally 
closer than valve - frame coupling elements 31 to down 
stream end 36 , and flange 54 of each leg is disposed 
longitudinally closer than the valve - frame coupling ele 
ments to upstream end 34 . Typically , this is also the case in 
the expanded state of tubular portion 32 . 
[ 0412 ] FIGS . 3A - C show structural changes in frame 
assembly 22 during transitioning of the assembly between 
its compressed and expanded states , in accordance with 
some applications of the invention . FIGS . 3A - C each show 
a portion of the frame assembly , the structural changes 
thereof being representative of the structural changes that 
occur in other portions of the frame assembly . FIG . 3A 
shows a leg 50 and struts 70 ( e . g . , a portion of outer frame 
60 ) , and illustrates the structural changes that occur around 
outer frame 60 . FIG . 3B shows a portion of valve frame 30 , 
and illustrates the structural changes that occur around the 
valve frame . FIG . 3C shows valve frame 30 as a whole . In 
each of FIGS . 3A - C , state ( A ) illustrates the structure while 
frame assembly 22 ( and in particular tubular portion 32 ) is 
in its compressed state , and state ( B ) illustrates the structure 
while the frame assembly ( and in particular tubular portion 
32 ) is in its expanded state . 
[ 0413 ] FIG . 3A shows structural changes in the coupling 
of legs 50 to coupling point 52 ( e . g . , structural changes of 
outer frame 60 ) during the transitioning of frame assembly 
22 ( and in particular tubular portion 32 ) between its com 
pressed and expanded states . Each leg 50 is coupled to valve 
frame 30 via at least one strut 70 , which connects the leg to 
coupling point 52 . Typically , each leg 50 is coupled to valve 
frame 30 via a plurality of struts 70 . A first end 72 of each 
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strut 70 is coupled to leg 50 , and a second end 74 of each 
strut is coupled to a coupling point 52 . As described here 
inabove , for applications in which frame 60 comprises ring 
66 , each leg 50 is coupled to the ring at a respective trough 
62 . Ring 66 may comprise struts 70 , extending between the 
peaks and troughs , with each first end 72 at ( or close to ) a 
trough 62 , and each second end 74 at ( or close to ) a peak 64 . 
[ 0414 ] In the compressed state of frame assembly 22 ( and 
in particular of tubular portion 32 ) , each strut 70 is disposed 
at a first angle in which first end 72 is disposed closer than 
second end 74 to the downstream end of the frame assembly . 
Expansion of frame assembly 22 ( and in particular of tubular 
portion 32 ) toward its expanded state causes strut 70 to 
deflect to a second angle . This deflection moves first end 72 
away from the downstream end of frame assembly 22 . That 
is , in the expanded state of frame assembly 22 , first end 72 
is further from the downstream end of the frame assembly 
than it is when the frame assembly is in its compressed state . 
This movement is shown as a distance d5 between the 
position of end 72 in state ( A ) and its position in state ( B ) . 
This movement causes the above - described movement of 
flanges 54 away from coupling points 52 . As shown , flanges 
54 typically move the same distance d5 in response to 
expansion of frame assembly 22 . 
[ 0415 ] For applications in which outer frame 60 comprises 
ring 66 , the pattern of alternating peaks and troughs may be 
described as having an amplitude longitudinally between the 
peaks and troughs , i . e . , measured parallel with central lon 
gitudinal axis ax1 of frame assembly 22 , and the transition 
between the compressed and expanded states may be 
described as follows : In the compressed state of frame 
assembly 22 ( and in particular of tubular portion 32 ) , the 
pattern of ring 66 has an amplitude d20 . In the expanded 
state frame assembly 22 ( and in particular of tubular portion 
32 ) , the pattern of ring 66 has an amplitude d21 that is lower 
than amplitude d20 . Because ( i ) it is at peaks 64 that ring 66 
is coupled to valve frame 30 at coupling points 52 , and ( ii ) 
it is at troughs 62 that ring 66 is coupled to legs 50 , this 
reduction in the amplitude of the pattern of ring 66 moves 
legs 50 ( e . g . , flanges 54 thereof ) longitudinally further from 
the downstream end of the frame assembly . The magnitude 
of this longitudinal movement ( e . g . , the difference between 
magnitudes d20 and d21 ) is equal to d5 . 
[ 0416 ] Typically , distance d5 is the same distance as the 
distance that flange 54 moves away from coupling point 52 
during expansion of the frame assembly . That is , a distance 
between flange 54 and the portion of leg 50 that is coupled 
to strut 70 , typically remains constant during expansion of 
the frame assembly . For some applications , the longitudinal 
movement of flange 54 away from coupling point 52 is a 
translational movement ( e . g . , a movement that does not 
include rotation or deflection of the flange ) . 
[ 0417 ] For some applications , a distance d6 , measured 
parallel to axis axl of frame assembly 22 , between coupling 
point 52 and first end 72 of strut 70 while assembly 22 is in 
its compressed state , is 3 - 15 mm . For some applications , a 
distance d7 , measured parallel to axis ax1 , between coupling 
point 52 and first end 72 of strut 70 while assembly 22 is in 
its expanded state , is 1 - 5 mm ( e . g . , 1 - 4 mm ) . 
[ 0418 ] For some applications , amplitude d20 is 2 - 10 mm 
( e . g . , 4 - 7 mm ) . For some applications , amplitude d21 is 4 - 9 
mm ( e . g . , 5 - 7 mm ) . 
[ 0419 ] For some applications , and as shown , in the 
expanded state , first end 72 of strut 70 is disposed closer to 

the downstream end of frame assembly 22 than is coupling 
point 52 . For some applications , in the expanded state , first 
end 72 of strut 70 is disposed further from the downstream 
end of frame assembly 22 than is coupling point 52 . 
[ 0420 ] For applications in which frame assembly 22 com 
prises a plurality of legs 50 and a plurality of coupling points 
52 ( e . g . , for applications in which the frame assembly 
comprises outer frame 60 ) expansion of the frame assembly 
increases a circumferential distance between adjacent cou 
pling points 52 , and an increase in a circumferential distance 
between adjacent legs 50 . FIG . 3A shows such an increase 
in the circumferential distance between adjacent coupling 
points 52 , from a circumferential distance d8 in the com 
pressed state to a circumferential distance d9 in the 
expanded state . For some applications , distance d8 is 1 - 6 
mm . For some applications , distance d9 is 3 - 15 mm . 
[ 0421 ] For some applications , in addition to being coupled 
via ring 66 ( e . g . , struts 70 thereof ) legs 50 are also connected 
to each other via connectors 78 . Connectors 78 allow the 
described movement of legs 50 during expansion of frame 
assembly 22 , but typically stabilize legs 50 relative to each 
other while the frame assembly is in its expanded state . For 
example , connectors 78 may bend and / or deflect during 
expansion of the frame assembly . 
[ 0422 ] FIGS . 3B - C show structural changes in valve 
frame 30 during the transitioning of frame assembly 22 
between its compressed and expanded states . Tubular por 
tion 32 of valve frame 30 is defined by a plurality of cells 80 , 
which are defined by the repeating pattern of the valve 
frame . When frame assembly 22 is expanded from its 
compressed state toward its expanded state , cells 80 ( i ) 
widen from a width d10 to a width d11 ( measured orthogo 
nal to axis axl of the frame assembly ) , and ( ii ) shorten from 
a height d12 to a height d13 ( measured parallel to axis ax1 
of the frame assembly ) . This shortening reduces the overall 
height ( i . e . , a longitudinal length between upstream end 34 
and downstream end 36 ) of tubular portion 32 from a height 
d22 to a height d23 , and thereby causes the above - described 
longitudinal movement of upstream support portion 40 
toward coupling points 52 by a distance d14 ( shown in FIG . 
3C ) . For some applications , and as shown , coupling points 
52 are disposed at the widest part of each cell . 
[ 0423 ] Due to the configurations described herein , the 
distance by which flanges 54 move with respect to ( e . g . , 
toward , or toward - and - beyond ) upstream support portion 40 
( e . g . , arms 46 thereof ) , is typically greater than the reduction 
in the overall height of tubular portion 32 ( e . g . , more than 20 
percent greater , such as more than 30 percent greater , such 
as more than 40 percent greater ) . That is , implant 20 
comprises : 

( 0424 ) a valve frame ( 30 ) that comprises a tubular 
portion ( 32 ) that circumscribes a longitudinal axis ( ax1 ) 
of the valve frame so as to define a lumen ( 38 ) along the 
axis , the tubular portion having an upstream end ( 34 ) , 
a downstream end ( 36 ) , a longitudinal length therebe 
tween , and a diameter ( e . g . , dl or d2 ) transverse to the 
longitudinal axis ; 

[ 0425 ] a valve member ( 58 ) , coupled to the tubular 
portion , disposed within the lumen , and arranged to 
provide unidirectional upstream - to - downstream flow 
of blood through the lumen ; 

[ 0426 ] an upstream support portion ( 40 ) , coupled to the 
tubular portion ; and 
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[ 0427 ] an outer frame ( 60 ) , coupled to the tubular 
portion , and comprising a tissue - engaging flange ( 54 ) , 

[ 0428 ] wherein : 
[ 0429 ] the implant has a first state ( e . g . , as shown in 

FIG . 2D and FIG . 4D ) and a second state ( e . g . , as 
shown in FIG . 2E and FIG . 4E ) , 

[ 0430 ] in both the first state and the second state , ( i ) the 
upstream support portion extends radially outward 
from the tubular portion , and ( ii ) the tissue - engaging 
flange extends radially outward from the tubular por 
tion , and 

[ 0431 ] the tubular portion , the upstream support por 
tion , and the outer frame are arranged such that tran 
sitioning of the implant from the first state toward the 
second state : 
[ 0432 ] increases the diameter of the tubular portion 
by a diameter - increase amount ( e . g . , the difference 
between d1 and d2 ) , 

[ 0433 ] decreases the length of the tubular portion by 
a length - decrease amount ( e . g . , the difference 
between d22 and d23 ) , and 

[ 0434 ] moves the flange a longitudinal distance with 
respect to ( e . g . , toward or toward - and - beyond ) the 
upstream support portion ( e . g . , the difference 
between d3 and d4 ) , this distance being greater than 
the length - decrease amount . 

[ 0435 ] As shown in the figures , valve frame 30 is typically 
coupled to outer frame 60 by coupling between ( i ) a valve 
frame coupling element 31 defined by valve frame 30 , and 
( ii ) an outer - frame coupling element 61 defined by outer 
frame 60 ( e . g . , an outer - frame coupling element is coupled 
to end 74 of each strut ) . Typically , elements 31 and 61 are 
fixed with respect to each other . Each coupling point 52 is 
thereby typically defined as the point at which a valve - frame 
coupling element and a corresponding outer - frame coupling 
element 61 are coupled ( e . g . , are fixed with respect to each 
other ) . For some applications , and as shown , elements 31 
and 61 are eyelets configured to be coupled together by a 
connector , such as a pin or a stitch ( e . g . , a suture ) . The fixing 
of elements 31 and 61 with respect to each other may be 
achieved by welding , soldering , crimping , stitching ( e . g . , 
suturing ) , gluing , or any other suitable technique . 
[ 0436 ] Typically , and as shown , valve - frame coupling 
elements 31 are defined by tubular portion 32 , and are 
disposed circumferentially around central longitudinal axis 
axl . Outer - frame coupling elements 61 are coupled to ring 
66 ( or defined by frame 60 , such as by ring 66 ) at respective 
peaks 64 . 
10437 ] As shown ( e . g . , in FIGS . 2A - E ) , valve frame 30 
( e . g . , tubular portion 32 thereof ) and outer frame 60 ( e . g . , 
ring 66 thereof ) are arranged in a close - fitting coaxial 
arrangement , in both the expanded and compressed states of 
frame assembly 22 . Ignoring spaces due to the cellular 
structure of the frames , a radial gap d19 between valve 
frame 30 ( e . g . , tubular portion 32 thereof ) and outer frame 
60 ( e . g . , ring 66 thereof ) is typically less than 2 mm ( e . g . , 
less than 1 mm ) , in both the compressed and expanded 
states , and during the transition therebetween . This is facili 
tated by the coupling between frames 30 and 60 , and the 
behavior , described hereinabove , of frame 60 in response to 
changes in the diameter of tubular portion 32 ( e . g . , rather 
than solely due to delivery techniques and / or tools ) . For 
some applications , more than 50 percent ( e . g . , more than 60 
percent ) of ring 66 is disposed within 2 mm of tubular 

portion 32 in both the compressed and expanded states , and 
during the transition therebetween . For some applications , 
more than 50 percent ( e . g . , more than 60 percent ) of outer 
frame 60 , except for flanges 54 , is disposed within 2 mm of 
tubular portion 32 in both the compressed and expanded 
states , and during the transition therebetween . 
[ 0438 ] The structural changes to frame assembly 22 ( e . g . , 
to outer frame 60 thereof ) are described hereinabove as they 
occur during ( e . g . , as a result of ) expansion of the frame 
assembly ( in particular tubular portion 32 thereof ) . This is 
the natural way to describe these changes because , as 
described hereinbelow with respect to FIGS . 4A - 6 , assembly 
22 is in its compressed state during percutaneous delivery to 
the implant site , and is subsequently expanded . However , 
the nature of implant 20 may be further understood by 
describing structural changes that occur during compression 
of the frame assembly ( e . g . , a transition from the expanded 
state in FIG . 2E to the intermediate state in FIG . 2D ) , in 
particular tubular portion 32 thereof ( including if tubular 
portion 32 were compressed by application of compressive 
force to the tubular portion , and not to frame 60 except via 
the tubular portion pulling frame 60 radially inward ) . Such 
descriptions may also be relevant because implant 20 is 
typically compressed ( i . e . , " crimped ” ) soon before its per 
cutaneous delivery , and therefore these changes may occur 
while implant 20 is in the care of the operating physician . 
104391 . For some applications , the fixation of peaks 64 to 
respective sites of tubular portion 32 is such that compres 
sion of the tubular portion from its expanded state toward its 
compressed state such that the respective sites of the tubular 
portion pull the peaks radially inward via radially - inward 
tension on coupling points 52 : ( i ) reduces a circumferential 
distance between each of the coupling points and its adjacent 
coupling points ( e . g . , from d9 to d8 ) , and ( ii ) increases the 
amplitude of the pattern of ring 66 ( e . g . , from d21 to d20 ) . 
[ 0440 ] For some applications , the fixation of outer - frame 
coupling elements 61 to valve - frame coupling elements 31 
is such that compression of tubular portion 32 from its 
expanded state toward its compressed state such that the 
valve - frame coupling elements pull the outer - frame cou 
pling elements radially inward : ( i ) reduces a circumferential 
distance between each of the outer - frame coupling elements 
and its adjacent outer - frame coupling elements ( e . g . , from 
d9 to d8 ) , and ( ii ) increases the amplitude of the pattern of 
ring 66 ( e . g . , from d21 to d20 ) . 
[ 0441 ] For some applications , the fixation of peaks 64 to 
the respective sites of tubular portion 32 is such that com 
pression of the tubular portion from its expanded state 
toward its compressed state ( i ) pulls the peaks radially 
inward via radially - inward pulling of the respective sites of 
the tubular portion on the peaks , ( ii ) reduces a circumfer 
ential distance between each of coupling points 52 and its 
adjacent coupling points ( e . g . , from d9 to d8 ) , and ( iii ) 
increases the amplitude of the pattern of ring 66 ( e . g . , from 
d21 to d20 ) , without increasing radial gap d19 between 
valve frame 30 ( e . g . , tubular portion 32 thereof ) and the ring 
by more than 1 . 5 mm . 
[ 0442 ] For some applications , the fixation of outer - frame 
coupling elements 61 with respect to valve - frame coupling 
elements 31 is such that compression of tubular portion 32 
from its expanded state toward its compressed state ( i ) pulls 
outer - frame coupling elements 61 radially inward via radi 
ally - inward pulling of valve - frame coupling elements 31 on 
outer - frame coupling elements 61 , ( ii ) reduces a circumfer 



US 2018 / 0153687 A1 Jun . 7 , 2018 
16 

ential distance between each of the outer - frame coupling 
elements and its adjacent outer - frame coupling elements 
( e . g . , from d9 to d8 ) , and ( iii ) increases the amplitude of the 
pattern of ring 66 ( e . g . , from d21 to d20 ) , without increasing 
radial gap d19 between valve frame 30 ( e . g . , tubular portion 
32 thereof ) and the ring by more than 1 . 5 mm . 
10443 ] Reference is made to FIGS . 4A - F , which are sche 
matic illustrations of implantation of implant 20 at a native 
valve 10 of a heart 4 of a subject , in accordance with some 
applications of the invention . Valve 10 is shown as a mitral 
valve of the subject , disposed between a left atrium 6 and a 
left ventricle 8 of the subject . However , implant 20 may be 
implanted at another heart valve of the subject , mutatis 
mutandis . Similarly , although FIGS . 4A - F show implant 20 
being delivered transseptally via a sheath 88 , the implant 
may alternatively be delivered by any other suitable route , 
such as transatrially , or transapically . 
[ 0444 ] Implant 20 is delivered , in its compressed state , to 
native valve 10 using a delivery tool 89 that is operable from 
outside the subject ( FIG . 4A ) . Typically , implant 20 is 
delivered within a delivery capsule 90 of tool 89 , which 
retains the implant in its compressed state . A transseptal 
approach , such as a transfemoral approach , is shown . Typi 
cally , implant 20 is positioned such that at least flanges 54 
are disposed downstream of the native valve ( i . e . , within 
ventricle 8 ) . At this stage , frame assembly 22 of implant 20 
is as shown in FIG . 2A . 
[ 0445 ] Subsequently , flanges 54 are allowed to protrude 
radially outward , as described hereinabove , e . g . , by releas 
ing them from capsule 90 ( FIG . 4B ) . For example , and as 
shown , capsule 90 may comprise a distal capsule - portion 92 
and a proximal capsule - portion 94 , and the distal capsule 
portion may be moved distally with respect to implant 20 , so 
as to expose flanges 54 . At this stage , frame assembly 22 of 
implant 20 is as shown in FIG . 2B . 
[ 0446 ) . Subsequently , implant 20 is moved upstream , such 
that upstream support portion 40 , in its compressed state , is 
disposed upstream of leaflets 12 ( i . e . , within atrium 6 ) . For 
some applications , the upstream movement of implant 20 
causes flanges 54 to engage leaflets 12 . However , because of 
the relatively large distance d3 provided by implant 20 
( described hereinabove ) , for some applications it is not 
necessary to move the implant so far upstream that flanges 
54 tightly engage leaflets 12 and / or pull the leaflets upstream 
of the valve annulus . Upstream support portion 40 is then 
allowed to expand such that it protrudes radially outward , as 
described hereinabove , e . g . , by releasing it from capsule 90 
( FIG . 4D ) . For example , and as shown , proximal capsule 
portion 94 may be moved proximally with respect to implant 
20 , so as to expose upstream support portion 40 . At this 
stage , frame assembly 22 of implant 20 is as shown in FIG . 
2D , in which : ( i ) distance d3 exists between upstream 
support portion 40 and flanges 54 , ( ii ) the flanges have span 
d15 , ( iii ) the upstream support portion has span d17 , and ( iv ) 
tubular portion 32 has diameter dl . 
[ 0447 ] Typically , expansion of frame assembly 22 is 
inhibited by distal capsule - portion 92 ( e . g . , by inhibiting 
expansion of tubular portion 32 ) , and / or by another portion 
of delivery tool 89 ( e . g . , a portion of the delivery tool that 
is disposed within lumen 38 ) . 
[ 0448 ] Subsequently , implant 20 is allowed to expand 
toward its expanded state , such that tubular portion 32 
widens to diameter d2 , and the distance between upstream 
support portion 40 and flanges 54 reduces to distance d4 

( FIG . 4E ) . This sandwiches tissue of valve 10 ( typically 
including annular tissue and / or leaflets 12 ) between 
upstream support portion 40 and flanges 54 , thereby secur 
ing implant 20 at the valve . FIG . 4F shows delivery capsule 
90 having been removed from the body of the subject , 
leaving implant 20 in place at valve 10 . 
[ 0449 ] As described hereinabove , implant 20 is configured 
such that when tubular portion 32 is expanded , flanges 54 
and upstream support portion 40 move a relatively large 
distance toward each other . This enables distance d3 to be 
relatively large , while distance d4 is sufficiently small to 
provide effective anchoring . As also described hereinabove , 
implant 20 is configured such that flanges 54 and upstream 
support portion 40 can extend radially outward a relatively 
large distance while tubular portion 32 remains compressed . 
It is hypothesized that for some applications , these configu 
rations ( independently and / or together ) facilitate effective 
anchoring of implant 20 , by facilitating placement of a 
relatively large proportion of valve tissue ( e . g . , leaflets 12 ) 
between the flanges and the upstream support portion prior 
to expanding tubular portion 32 and sandwiching the valve 
tissue . 
[ 0450 ] It is further hypothesized that the relatively great 
radially - outward extension of flanges 54 and upstream sup 
port portion 40 prior to expansion of tubular portion 32 , 
further facilitates the anchoring / sandwiching step by reduc 
ing radially - outward pushing of the valve tissue ( e . g . , leaf 
lets 12 ) during the expansion of the tubular portion , and 
thereby increasing the amount of valve tissue that is sand 
wiched . 
[ 0451 ] It is yet further hypothesized that this configuration 
of implant 20 facilitates identifying correct positioning of 
the implant ( i . e . , with upstream support portion 40 upstream 
of leaflets 12 and flanges 54 downstream of the leaflets ) prior 
to expanding tubular portion 32 and sandwiching the valve 
tissue . 
[ 0452 ] As shown in FIG . 1A , for some applications , in the 
expanded state of frame assembly 22 , implant 20 defines a 
toroidal space 49 between flanges 54 and upstream support 
portion 40 ( e . g . , a space that is wider than distance d4 ) . For 
example , space 49 may have a generally triangular cross 
section . It is hypothesized that for some such applications , in 
addition to sandwiching tissue of the native valve between 
upstream support portion 40 and flanges 54 ( e . g . , the tips of 
the flanges ) , space 49 advantageously promotes tissue 
growth therewithin ( e . g . , between leaflet tissue and covering 
23 ) , which over time further secures implant 20 within the 
native valve . 
10453 ) Reference is now made to FIG . 5 , which is a 
schematic illustration of a step in the implantation of implant 
20 , in accordance with some applications of the invention . 
Whereas FIGS . 4A - F show an implantation technique in 
which flanges 54 are expanded prior to upstream support 
portion 40 , for some applications the upstream support 
portion is expanded prior to the flanges . FIG . 5 shows a step 
in such an application . 
[ 0454 ] Reference is again made to FIGS . 2A - 5 . As noted 
hereinabove , implant 20 may be implanted by causing 
flanges 54 to radially protrude before causing upstream 
support portion 40 to radially protrude , or may be implanted 
by causing the upstream support portion to protrude before 
causing the flanges to protrude . For some applications , 
implant 20 is thereby configured to be deliverable in a 
downstream direction ( e . g . , transseptally , as shown , or 
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transapically ) or in an upstream direction ( e . g . , transapically 
or via the aortic valve ) . Thus , for some applications , an 
operating physician may decide which delivery route is 
preferable for a given application ( e . g . , for a given subject , 
and / or based on available equipment and / or expertise ) , and 
implant 20 is responsively prepared for the chosen delivery 
route ( e . g . , by loading the implant into an appropriate 
delivery tool ) . 
[ 0455 ] It is to be noted that for some applications , down 
stream delivery of implant 20 may be performed by expand 
ing flanges 54 first ( e . g . , as shown in FIGS . 4A - F ) or by 
expanding upstream support portion 40 first ( e . g . , as shown 
in FIG . 5 ) . Similarly , for some applications upstream deliv 
ery of implant 20 may be performed by upstream support 
portion 40 first , or by expanding flanges 54 first . 
[ 0456 ] Reference is now made to FIG . 6 , which is a 
schematic illustration of implant 20 , in the state and position 
shown in FIG . 4D , in accordance with some applications of 
the invention . For some applications , while implant 20 is in 
the state and position shown in FIG . 4D , leaflets 12 of valve 
10 are able to move , at least in part in response to beating 
of the heart . Frame ( A ) shows leaflets 12 during ventricular 
systole , and frame ( B ) shows the leaflets during ventricular 
diastole . For some such applications , blood is thereby able 
to flow from atrium 6 to ventricle 8 , between leaflets 12 and 
implant 20 . It is hypothesized that this advantageously 
facilitates a more relaxed implantation procedure , e . g . , 
facilitating retaining of implant 20 in this state and position 
for a duration of greater than 8 minutes . During this time , 
imaging techniques may be used to verify the position of 
implant 20 , and / or positioning of leaflets 12 between 
upstream support portion 40 and flanges 54 . 
[ 0457 ] Reference is made to FIGS . 7A - B and 8A - B , which 
are schematic illustrations of frame assemblies 122 and 222 
of respective implants , in accordance with some applications 
of the invention . Except where noted otherwise , frame 
assemblies 122 and 222 are typically identical to frame 
assembly 22 , mutatis mutandis . Elements of frame assem 
blies 122 and 222 share the name of corresponding elements 
of frame assembly 22 . Additionally , except where noted 
otherwise , the implants to which frame assemblies 122 and 
222 belong are similar to implant 20 , mutatis mutandis . 
[ 0458 ] Frame assembly 122 comprises ( i ) a valve frame 
130 that comprises a tubular portion 132 and an upstream 
support portion 140 that typically comprises a plurality of 
arms 146 , and ( ii ) an outer frame ( e . g . , a leg frame ) 160 that 
circumscribes the valve frame , and comprises a plurality of 
legs 150 that each comprise a tissue - engaging flange 154 . 
Typically , outer frame 160 comprises a ring 166 to which 
legs 150 are coupled . Ring 166 is defined by a pattern of 
alternating peaks and troughs , the peaks being fixed to frame 
130 at respective coupling points 152 , e . g . , as described 
hereinabove for frame assembly 22 , mutatis mutandis . 
[ 0459 ] Frame assembly 222 comprises ( i ) a valve frame 
230 that comprises a tubular portion 232 and an upstream 
support portion 240 that typically comprises a plurality of 
arms 246 , and ( ii ) an outer frame ( e . g . , a leg frame ) 260 that 
circumscribes the valve frame , and comprises a plurality of 
legs 250 that each comprise a tissue - engaging flange 254 . 
Typically , outer frame 260 comprises a ring 266 to which 
legs 250 are coupled . Ring 266 is defined by a pattern of 
alternating peaks and troughs , the peaks being fixed to frame 
230 at respective coupling points 252 , e . g . , as described 
hereinabove for frame assembly 22 , mutatis mutandis . 

[ 0460 ] Whereas arms 46 of frame assembly 22 are shown 
as extending from upstream end 34 of tubular portion 32 , 
arms 146 and 246 of frame assemblies 122 and 222 , respec 
tively , extend from sites further downstream . ( This differ 
ence may also be made to frame assembly 22 , mutatis 
mutandis . ) Tubular portions 32 , 132 and 232 are each 
defined by a repeating pattern of cells that extends around 
the central longitudinal axis . Typically , and as shown , tubu 
lar portions 32 , 132 and 232 are each defined by two stacked , 
tessellating rows of cells . In the expanded state of each 
tubular portion , these cells are typically narrower at their 
upstream and downstream extremities than midway between 
these extremities . For example , and as shown , the cells may 
be roughly diamond or astroid in shape . In frame assembly 
22 , each arm 46 is attached to and extends from a site 35 that 
is at the upstream extremity of cells of the upstream row . In 
contrast , in frame assemblies 122 and 222 , each arm 146 or 
246 is attached to and extends from a site 135 ( assembly 
122 ) or 235 ( assembly 222 ) that is at the connection between 
two adjacent cells of the upstream row ( alternatively 
described as being at the upstream extremity of cells of the 
downstream row ) . 
[ 0461 ] It is hypothesized by the inventors that this lower 
position of the arms , while maintaining the length of the 
lumen of the tubular portion , advantageously reduces the 
distance that the tubular portion ( i . e . , the downstream end 
thereof ) extends into the ventricle of the subject , and thereby 
reduces a likelihood of inhibiting blood flow out of the 
ventricle through the left ventricular outflow tract . It is 
further hypothesized that this position of the arms reduces 
radial compression of the tubular portion by movement of 
the heart , due to greater rigidity of the tubular portion at sites 
135 and 235 ( which is supported by two adjacent cells ) than 
at site 35 ( which is supported by only one cell ) . 
[ 0462 ] As shown , in the expanded state of frame assem 
blies 22 , 122 and 222 , the legs ( 50 , 150 and 250 , respec 
tively ) are circumferentially staggered with the arms of the 
upstream support portion ( 46 , 146 and 246 , respectively ) . 
This allows the legs to move in an upstream direction 
between the arms during expansion of the tubular portion 
( 32 , 132 and 232 , respectively ) , facilitating application of 
greater sandwiching force on tissue of the native valve . The 
lower position of the arms of assemblies 122 and 222 
includes circumferentially shifting the position of the arms 
by the width of half a cell . In order to maintain the 
circumferential staggering of the arms and legs , rings 166 
and 266 ( and thereby legs 150 and 250 ) are circumferen 
tially shifted correspondingly . As a result , whereas the peaks 
of ring 66 generally align with connections between adjacent 
cells of the downstream row of cells of tubular portion 32 
( and are fixed to these sites ) , the peaks of rings 166 and 266 
are generally aligned midway between these sites ( i . e . , at 
spaces of the cellular structure of the tubular portion ) . 
Appendages 168 ( for assembly 122 ) or 268 ( for assembly 
222 ) facilitate fixing of the peak with respect to the tubular 
structure . 
[ 0463 ] For assembly 122 , appendages 168 are defined by 
valve frame 130 ( e . g . , by tubular portion 132 thereof ) and 
extend ( in a downstream direction ) to the peaks of ring 166 , 
to which they are fixed . For example , each appendage 168 
may define a valve - frame coupling element 131 that is fixed 
to a respective outer - frame coupling element 161 defined by 
outer frame 260 . Typically , appendages 168 extend from 
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sites 135 . Typically , appendages 168 are integral with tubu 
lar portion 132 and / or in - plane with the tubular portion ( e . g . , 
are part of its tubular shape ) . 
[ 0464 ] For assembly 222 , appendages 268 are defined by 
outer frame 260 , and extend ( e . g . , in an upstream direction ) 
from the peaks of ring 266 . Typically , appendages 268 
extend to sites 235 , to which they are fixed . For example , 
each appendage 268 may define an outer - frame coupling 
element 261 that is fixed to a respective valve - frame cou 
pling element 231 defined by valve frame 230 ( e . g . , by 
tubular portion 232 thereof ) . Typically , appendages 268 are 
integral with outer frame 260 and / or in - plane with adjacent 
portions of outer frame 260 , such as ring 266 . 
10465 ) Therefore , frame assembly 122 defines a hub at site 
135 , and frame assembly 222 defines a hub at site 235 . For 
some applications , apparatus therefore comprises : 

[ 0466 ] a plurality of prosthetic valve leaflets ; and 
[ 0467 ] a frame assembly , comprising : 

[ 0468 ] a tubular portion ( 132 or 232 ) defined by a 
repeating pattern of cells , the tubular portion extend 
ing circumferentially around longitudinal axis axl so 
as to define a longitudinal lumen , the prosthetic 
valve leaflets coupled to the inner frame and dis 
posed within the lumen ; 

[ 0469 ] an outer frame ( 160 or 260 ) , comprising a 
plurality of legs ( 150 or 250 ) , distributed circumfer 
entially around the tubular portion , each leg having 
a tissue - engaging flange ( 154 or 254 ) ; 

[ 0470 ] an upstream support portion ( 140 or 240 ) that 
comprises a plurality of arms ( 146 or 246 ) that 
extend radially outward from the tubular portion ; and 

[ 0471 ] a plurality of appendages ( 168 or 268 ) , each 
having a first end that defines a coupling element 
( 161 or 261 ) via which the tubular portion is coupled 
to the outer frame , and a second end ; 

0472 ] wherein the frame assembly defines a plurality 
of hubs ( 135 or 235 ) , distributed circumferentially 
around the longitudinal axis on a plane that is trans 
verse to longitudinal axis axl , each hub defined by 
convergence and connection of , ( i ) two adjacent cells of 
the tubular portion , ( ii ) an arm of the plurality of arms , 
and ( iii ) an appendage of the plurality of appendages . 

[ 0473 ] Reference is made to FIGS . 9A - C , which are 
schematic illustrations of an implant 320 comprising a frame 
assembly 322 , in accordance with some applications of the 
invention . Except where noted otherwise , frame assembly 
322 is identical to frame assembly 122 , and implant 300 is 
identical to the implant to which frame assembly 122 
belongs , mutatis mutandis . FIG . 9A is a side - view of implant 
320 , and FIG . 9B is an isometric bottom - view of the 
implant . 
[ 0474 ] Frame assembly 122 comprises ( i ) a valve frame 
330 that comprises a tubular portion 332 and an upstream 
support portion 340 that typically comprises a plurality of 
arms 346 , and ( ii ) an outer frame ( e . g . , a leg frame ) 360 that 
circumscribes the valve frame , and comprises a plurality of 
legs 350 that each comprise a tissue - engaging flange 354 . 
Typically , outer frame 360 comprises a ring 366 to which 
legs 350 are coupled . Ring 366 is defined by a pattern of 
alternating peaks and troughs , the peaks being fixed to frame 
330 at respective coupling points 352 , e . g . , as described 
hereinabove for frame assembly 22 and / or frame assembly 
122 , mutatis mutandis . 

[ 0475 ] Frame assembly 322 comprises an annular 
upstream support portion 340 that has an inner portion 342 
that extends radially outward from the upstream portion 
( e . g . , the upstream end ) of tubular portion 332 . Upstream 
support portion 340 further comprises one or more fabric 
pockets 344 disposed circumferentially around inner portion 
342 , each pocket of the one or more pockets having an 
opening that faces a downstream direction ( i . e . , generally 
toward the downstream end of implant 320 ) . In the figures , 
upstream support portion 340 has a single toroidal pocket 
344 that extends circumferentially around inner portion 342 . 
[ 0476 ] Typically , a covering 323 ( e . g . , similar to covering 
23 , described hereinabove , mutatis mutandis ) is disposed 
over arms 346 , thereby forming pocket 344 . Further typi 

c ally , arms 346 are shaped to form pocket 344 from covering 
323 . For example , and as shown , arms 346 may curve to 
form a hook - shape . 
[ 0477 ] For some applications , portion 340 has a plurality 
of separate pockets 344 , e . g . , separated at arms 346 . For 
some such applications , covering 323 is loosely - fitted ( e . g . , 
baggy ) between radially - outward parts of arms 346 , e . g . , 
compared to inner portion 342 , in which the covering is 
more closely - fitted between radially - inward parts of the 
arms . 
[ 0478 ] FIG . 9C shows implant 320 implanted at native 
valve 10 . Pocket 344 is typically shaped and arranged to 
billow in response to perivalvular flow 302 of blood in an 
upstream direction . If ventricular systole forces blood in 
ventricle 8 between implant 320 and native valve 10 , that 
blood inflates pocket 344 and presses it ( e . g . , covering 323 
and / or the radially - outward part of arm 346 ) against tissue of 
atrium 6 ( e . g . , against the atrial wall ) , thereby increasing 
sealing responsively . It is hypothesized by the inventors that 
the shape and orientation of pocket 344 ( e . g . , the hook - shape 
of arms 346 ) facilitates this pressing radially - outward in 
response to the pocket ' s receipt of upstream - flowing blood . 
10479 ) Pocket ( s ) 344 may be used in combination with 
any of the implants described herein , mutatis mutandis . 
10480 ] Reference is now made to FIG . 10 , which is a 
schematic illustration of a frame assembly 422 of an 
implant , in accordance with some applications of the inven 
tion . Except where noted otherwise , frame assembly 422 is 
typically identical to frame assembly 122 , mutatis mutandis . 
Elements of frame assembly 422 share the name of corre 
sponding elements of frame assembly 122 . Additionally , 
except where noted otherwise , the implant to which frame 
assembly 422 belongs is similar to implant the other 
implants described herein ( e . g . , implant 20 ) , mutatis mutan 
dis . FIG . 10 shows frame assembly 422 in an expanded state 
( e . g . , in the absence of external deforming forces , such as 
those provided by a delivery tool during implantation , or by 
heart tissue after implantation ) . 
[ 0481 ] Frame assembly 422 comprises ( i ) a valve frame 
( e . g . , an inner frame ) 430 that comprises a tubular portion 
432 and an upstream support portion 440 that typically 
comprises a plurality of radial arms 446 , and ( ii ) an outer 
frame ( e . g . , a leg frame ) 460 that circumscribes the valve 
frame , and comprises a plurality of legs 450 that each 
comprise a tissue - engaging flange 454 . Typically , outer 
frame 460 comprises a ring 466 to which legs 450 are 
coupled . Ring 466 is defined by a pattern of alternating 
peaks and troughs , the peaks being fixed to frame 430 at 
respective coupling points 452 , e . g . , as described herein 
above for frame assemblies 22 and 122 , mutatis mutandis . 
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Tubular portion 432 has a diameter d26 ( corresponding to 
diameter d2 of implant 20 ) , and a transverse cross - sectional 
area that is a function of diameter d26 . 
[ 0482 ] Similarly to other frame assemblies described 
herein , in the expanded state of frame assembly 422 , legs 
450 are circumferentially staggered with arms 446 of 
upstream support portion 440 . This allows the legs ( e . g . , 
flanges 454 thereof ) to move in an upstream direction 
between the arms during deployment of the implant ( al 
though the presence of heart tissue typically reduces the 
amount by which flanges 454 move between arms 446 ) . 
FIG . 10 shows frame assembly 422 in its expanded state , in 
which upstream support portion 440 ( e . g . , arms 446 ) and 
flanges 454 extend radially outward from tubular portion 
432 , and intersect at an intersection 470 . Opposite intersec 
tions 470 define an intersect diameter d27 . Typically , flanges 
454 extend radially outward from the tubular portion and 
toward the upstream support portion 440 ( i . e . , outward and 
in an upstream direction ) . A toroidal space 449 is defined 
between flanges 454 , upstream support portion 440 , and 
tubular portion 432 , the toroidal space circumscribing the 
tubular portion . 

[ 0483 ] As described hereinabove with respect to other 
implants , the implant to which frame assembly 422 belongs 
is secured at the native valve by sandwiching heart tissue 
( e . g . , leaflets 12 and / or the valve annulus ) between upstream 
support portion 440 and flanges 54 ( e . g . , within space 449 ) . 
Typically , leaflets 12 are trapped in space 449 . Space 449 is 
dimensioned to be sufficiently large to accommodate leaflets 
12 , because it has been observed by the inventors that if 
space 449 is too small , the implant tends to become secured 
to tissue that is suboptimally close to the middle of the native 
valve orifice ( e . g . , closer to the free edges of the leaflets ) , 
and to sit in a position that is suboptimally downstream ( i . e . , 
into ventricle 8 ) . Additionally , space 449 is dimensioned to 
be sufficiently small to accommodate leaflets 12 snugly , 
because it has been observed by the inventors that if space 
449 is sufficiently small that the leaflets fill the space well 
( typically folding or bunching up within the space ) , sand 
wiching forces are applied to leaflet tissue throughout space 
449 . In contrast , if space 449 is too large , sandwiching forces 
may be applied to the leaflets only at or close to intersections 
470 , reducing the effectiveness of anchoring , and / or increas 
ing a likelihood of damaging the tissue at or close to the 
intersections . 
[ 0484 ] It is hypothesized by the inventors that an optimal 
size of space 449 ( i . e . , a size that is sufficiently large to 
accommodate leaflets 12 , but sufficiently small to do so 
snugly ) is achieved when the space has a cross - sectional 
area 451 that is 5 - 10 percent ( e . g . , 5 - 8 percent , such as 6 - 7 
percent or 6 . 5 - 7 . 5 percent ) of the transverse cross - sectional 
area of tubular portion 432 . It is further hypothesized that 
this relative size is optimal across implants that have tubular 
portions of different diameters . For example : 

[ 0485 ] For an implant in which diameter d26 is 25 mm , 
an optimally - sized cross - sectional area 451 may be 
25 - 40 ( e . g . , about 35 ) mm ̂ 2 . 

[ 0486 ] For an implant in which diameter d26 is 27 mm , 
an optimally - sized cross - sectional area 451 may be 
30 - 45 ( e . g . , about 40 ) mm ̂ 2 . 

[ 0487 ] For an implant in which diameter d26 is 29 mm , 
an optimally - sized cross - sectional area 451 may be 
35 - 50 ( e . g . , about 45 ) mm ̂ 2 . 

[ 0488 ] This optimal relative size range of area 451 is 
hypothesized by the inventors to apply to implants that have 
tubular portions that are narrower or wider than the above 
examples ( e . g . , 23 mm or 31 mm diameter ) . 
[ 0489 ] For some applications , implants of different diam 
eters d26 are provided , and each of the implants has a 
cross - sectional area 451 that is 5 - 10 percent ( e . g . , 5 - 8 
percent , such as 6 - 7 percent or 6 . 5 - 7 . 5 percent ) of the 
transverse cross - sectional area of the tubular portion 432 of 
the implant . For example , the tubular portion 432 of one of 
the implants may have a have transverse cross - sectional area 
that is at least 15 percent ( e . g . , at least 30 percent ) greater 
than another one of the implants . 
[ 0490 ] Tubular portion 432 has an upstream end 434 and 
a downstream end 436 . Similarly to frame assembly 122 , 
arms 446 are attached to and extend from sites 435 that are 
downstream of upstream end 434 , e . g . , at the connection 
between two adjacent cells of the upstream row of cells of 
tubular portion 432 ( alternatively described as being at the 
upstream extremity of cells of the downstream row of cells ) . 
[ 0491 ] Progressively lateral portions of each arm 446 
define , respectively : ( i ) an ascending portion 446a that 
extends in an upstream direction past upstream end 434 of 
tubular portion 432 ( e . g . , by a distance d28 ) , ( ii ) an arch 
portion 446b that curves in a downstream direction to form 
an arch ( portion 446b may alternatively be described as 
being convex in an upstream direction ) , and ( iii ) a lateral 
portion 446c that curves in an upstream direction . For some 
applications , in the absence of tissue , arch portion 4465 
curves in the downstream direction as far as ( and typically 
past ) tips 455 of flanges 454 ( i . e . , at the arch portion , each 
arm 446 extends below ( i . e . , further downstream than ) 
adjacent tips 455 ) . For some applications , and as shown , 
intersections 470 are generally close to where arms 446 
begin to curve upstream . 
[ 0492 ] A height d29 is the height , along the central lon 
gitudinal axis of the implant , between ( i ) the crest of arch 
portion 446b , and ( ii ) intersection 470 . For some applica 
tions , height d29 is 0 . 5 - 3 . 5 mm ( e . g . , 1 . 8 - 2 . 6 mm ) . 
[ 0493 ] A height d30 is the height , along the central lon 
gitudinal axis of the implant , between ( i ) the crest of arch 
portion 446b , and ( ii ) site 435 . For some applications , height 
d30 is 4 - 7 . 5 mm ( e . g . , 5 . 2 - 6 . 5 mm ) . 
[ 0494 ] It is to be noted , therefore , that for some applica 
tions , arms 446 extend ( i ) radially outward and above ( a ) 
upstream end 434 and ( b ) the tips of flanges 454 , and then 
( ii ) further radially outward and below ( a ) upstream end 434 
and / or ( b ) the tips of flanges 454 ( i . e . , toward the flanges ) . 
The above configuration of arm 46 increases the size of 
toroidal space 449 ( compared to a similar arm in which d28 
and / or d29 are smaller ) , e . g . , providing an optimal cross 
sectional area 451 , as described hereinabove . ( In contrast , 
for example , in frame assemblies 122 and 222 , the arms do 
not have arch portions that extend above ( 1 ) the upstream end 
of the respective tubular portion , or ( ii ) the tips of the 
respective flanges . Although the lateral portions of these 
arms do extend upwardly , the lateral portions are radially 
outward of the flanges , and therefore do not increase the 
cross - sectional area of the toroidal space defined by these 
frame assemblies . ) 
[ 0495 ] For some applications , an end 446d ( i . e . , the lateral 
extremity ) of arm 446 is disposed further in an upstream 
direction than arch portion 446b . 



US 2018 / 0153687 A1 Jun . 7 , 2018 
20 

460 

[ 0496 ) . For some applications , the outer stent frame ( e . g . , 
leg frame ) 460 has a radial thickness d24 ( i . e . , a thickness 
measured along an axis that extends radially outward from 
the central longitudinal axis of the implant ) that is greater 
than a radial thickness d25 of inner stent frame ( e . g . , valve 
frame ) 430 . That is , the outer stent frame is radially thicker 
than the inner stent frame . This is typically achieved by 
cutting ( e . g . , laser cutting ) the inner stent frame from a 
nitinol tube that has a first wall thickness ( e . g . , equal to d25 ) , 
and cutting the outer stent frame from another nitinol tube 
that has a second , greater wall thickness ( e . g . , equal to d24 ) . 
However , other methods of manufacture , including 3D 
printing , may be used . 
[ 0497 ] For some applications , thickness d24 is at least 10 
percent ( e . g . , at least 20 percent , such as at least 30 percent ) 
and / or no more than 80 percent ( e . g . , no more than 50 
percent ) greater than thickness d25 . For some applications , 
thickness d24 is 0 . 6 - 0 . 8 mm ( e . g . , 0 . 7 - 0 . 75 mm , e . g . , 0 . 71 
0 . 73 mm , such as 0 . 72 mm ) , and thickness d25 is 0 . 45 - 0 . 65 
mm ( e . g . , 0 . 5 - 0 . 55 mm , e . g . , 0 . 52 - 0 . 54 mm , such as 0 . 53 
mm ) . 
[ 0498 ] Having the outer stent frame ( e . g . , leg frame ) be 
radially thicker than inner stent frame ( e . g . , valve frame ) 
may be applied to the other frame assemblies described 
herein , mutatis mutandis . 
[ 0499 ] There is therefore provided , in accordance with 
some applications of the invention , apparatus comprising : 
[ 0500 ] ( 1 ) a frame assembly , transluminally advanceable 
to the heart , and comprising : 

[ 0501 ] ( i ) an inner stent frame that defines a tubular 
portion ; and 

( 0502 ( ii ) an outer stent frame that defines a ring that is 
coupled to the inner stent frame , and circumscribes the 
tubular portion ; and 

105031 ( 2 ) a plurality of prosthetic valve leaflets , coupled 
to the frame assembly and disposed in the tubular portion , 
wherein the inner stent frame is cut from a first tube of 
nitinol that has a first - tube wall thickness , the outer stent 
frame is cut from a second tube of nitinol that has a 
second - tube wall thickness that is greater than the first - tube 
wall thickness . 
10504 ] Providing a frame assembly in which the outer 
frame has greater radial thicknesses is hypothesized by the 
inventors to advantageously provide ( i ) radially - expansive 
strength ( and resistance to radially - inward deformation ) to 
the portion of the frame assembly in which the prosthetic 
leaflets are disposed , and ( ii ) rigidity ( and resistance to 
fatigue ) to legs 450 . 
[ 0505 ) For some applications , when frames 430 and 460 
are separate and independent ( e . g . , during manufacturing , 
before the frames are fixed to each other ) , and the frames are 
in respective relaxed expanded states ( e . g . , in the absence of 
external deforming forces , such as if placed on a table ) 
tubular portion 432 defines an inner - stent - frame relaxed 
expanded diameter ( which is measured as an outer diameter 
of the tubular portion ) that is greater than an outer - stent 
frame relaxed expanded diameter defined by ring 466 
( which is measured as an inner diameter of the ring ) . For 
some applications , the inner - stent - frame relaxed expanded 
diameter is 0 . 5 - 1 . 5 ( e . g . , 0 . 5 - 1 , such as 0 . 8 ) mm greater than 
the outer - stent - frame relaxed expanded diameter . 
( 0506 . Therefore , in the expanded state of frame assembly 
422 ( shown in FIG . 10 ) , frame 460 ( e . g . , ring 466 ) con 
strains tubular portion 432 to an inner - stent - frame con 

strained expanded diameter that is smaller than the inner 
stent - frame relaxed expanded diameter . Therefore , even in 
the relaxed expanded state of frame assembly 422 ( i . e . , the 
state shown in FIG . 10 ) , residual stress is typically present 
in frame 430 ( e . g . , tubular portion 432 thereof ) and / or frame 
460 ( e . g . , ring 466 thereof ) . Additionally , when the frame 
assembly is in its compressed state , and throughout its 
expansion into its expanded state , circumferential contact 
( and reciprocating expansive and compressive forces ) is 
maintained between frame 460 and tubular portion 432 . 
[ 0507 ] It is hypothesized by the inventors that this optional 
residually - stressed configuration advantageously increases 
the strength of the frame assembly ( e . g . , the tubular portion ) , 
and in particular its resistance to deformation , e . g . , in 
response to forces applied directly to the frame assembly by 
tissue of the native valve , and / or applied indirectly to the 
frame assembly during systole when ventricular blood is 
forced against the prosthetic leaflets , which pull on the frame 
assembly . 
10508 ] It is to be noted that frames 430 and 460 are fixed 
to each other independently of any additional coupling that 
might be provided by the residually - stressed configuration . 
For example , and as described hereinabove , the frames are 
fixed to each other at coupling points 452 , e . g . , by welding , 
soldering , crimping , stitching ( e . g . , suturing ) , gluing , or any 
other suitable technique . As described hereinbelow with 
reference to FIGS . 11A - C , for some applications the frames 
are also fixed to each other at commissures of the implant . 
That is , the residually - stressed configuration is provided for 
strength and rigidity of the frame assembly ( and for ensuring 
maintenance of circumferential contact between the frames ) , 
rather than for coupling of the frames to each other . 
[ 0509 ] Reference is made to FIGS . 11A - C , which are 
schematic illustrations of a connector 510 and a commissure 
500 of a prosthetic valve , in accordance with some appli 
cations of the invention . Connector 510 typically comprises 
a flexible sheet 512 that is folded to define elements of the 
connector . Further typically , sheet 512 is a single , unitary 
sheet ( e . g . , cut from a single piece of stock material , such as 
a fabric ) . FIG . 11A shows two perspective views of con 
nector 510 ( e . g . , sheet 512 thereof ) in its folded state , and 

F IG . 11B shows its unfolded state . FIG . 11C shows connec 
tor 510 fixed to frame assembly 422 at commissure 500 . 
Commissure 500 is described with respect to the implant to 
which frame assembly 422 belongs , although it may be used 
in combination with the other prosthetic valves described 
herein , and / or with other prosthetic valves , mutatis mutan 
dis . 
[ 0510 ] The implant to which frame assembly 422 belongs 
defines a plurality of commissures 500 at which two of the 
prosthetic leaflets of the implant ( e . g . , leaflets 58 or similar ) 
meet , and are fixed to the frame assembly . At each commis 
sure , the implant comprises a plurality of stitches ( e . g . , 
stitches ) 502 , via which commissural portions of the two 
prosthetic leaflets are secured to the frame assembly . For 
some applications , the stitches secure the prosthetic leaflets 
to the inner stent frame ( frame 430 , e . g . , tubular portion 432 
thereof ) and to the outer stent frame ( frame 460 ) . That is , the 
leaflets are not coupled to the outer stent frame merely by 
being fixed to the inner stent frame , which in turn is coupled 
to the outer stent frame . Rather , the leaflets are fixed to both 
frames by stitches 502 . Because ( as described hereinabove ) 
( i ) frame 460 is radially thicker than frame 430 , and ( ii ) the 
relative diameters of the frames results in residual stress and 
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maintained circumferential contact between frames 430 and 
460 , the fixation of the leaflets to both frames advanta 
geously provides the implant with enhanced resistance to 
pulling of commissures 500 radially inward by the prosthetic 
leaflets when ventricular pressure increases during ventricu 
lar systole . 
[ 0511 ] For some applications , and as shown , stitches 502 
fix the leaflets to both frames by fixing a connector 510 
( typically comprising primarily or solely a fabric ) to the two 
frames . Connector 510 is shaped to define a plurality of flaps 
504 , and a leaflet - receptacle 514 comprising one or more 
( e . g . , two ) leaflet - engaging tabs 506 , such as a first leaflet 
engaging tab 506? and a second leaflet - engaging tab 506b . 
For some applications , connector 510 is shaped to define a 
panel ( e . g . , a plate ) 508 , tabs 506 protrude from of one side 
of the panel , and each flap 504 folds over a respective 
portion of the other side of the panel . The commissural 
portions of the leaflets are stitched to leaflet - engaging tabs 
506 ( e . g . , to respective leaflet - engaging tabs ) . Flaps 504 are 
stitched to frames 430 and 460 — i . e . , are fixed to the frames 
by stitches 502 . Typically , flaps 504 are folded over or 
wrapped around elements of frames 430 and 460 , and are 
fixed in this disposition by stitches 502 , thereby providing 
increased strength to the fixation of the leaflets to the frames 
( and of the frames to each other ) . 
[ 0512 ] Typically , connector 510 comprises four flaps 504 . 
For some applications , and as shown , flaps 504 are arranged 
in a circuit such that each flap has two adjacent flaps around 
the circuit , and the fold axis ax2 of each flap is oriented at 
60 - 120 degrees ( e . g . , 70 - 110 degrees , e . g . , 80 - 100 degrees ) 
from the fold axis of each of its adjacent flaps . For appli 
cations in which the frame to which connector 510 is to be 
connected has a cellular structure with roughly diamond 
shape cells , such an arrangement facilitates attachment of 
the connector to the frame . 
[ 0513 ] For some applications , and as shown , and as 
shown , connector 510 has four flaps arranged roughly in a 
diamond shape , with two upstream flaps 504a tapering away 
from each other in a downstream direction , and two down 
stream flaps 504b tapering toward each other in a down 
stream direction . Each upstream flap 504a is typically folded 
over or wrapped around an element of frame 430 and an 
element of frame 460 . As can be seen in FIG . 11C , at 
commissure 500 , elements of frame 430 align with elements 
of frame 460 , and flaps 504a are arranged to align with these 
elements of both frames . Flaps 504 are folded over or 
wrapped around these elements of both frames , and are fixed 
to these elements by stitches 502 . In the position of down 
stream flaps 504b , elements of frame 430 do not align with 
elements of frame 460 , and may even be perpendicular to 
them . Downstream flaps 504b are arranged to align with 
elements of frame 430 , and are folded over or wrapped 
around elements , but typically not over or around elements 
of frame 460 . The elements of frame 430 , and flaps 504b , are 
stitched to elements of frame 460 ; these stitches are indi 
cated by the reference numeral 502b , while the stitches that 
secure flaps over or around frame elements are indicated by 
the reference numeral 502a . For some applications , panel 
508 is also stitched to elements of frame 430 and / or frame 
460 ; these stitches are indicated by the reference numeral 
502c . 
[ 0514 ] It is to be noted that frames 430 and 460 are thereby 
fixed to each other at commissures 500 ( i . e . , in addition to 
at coupling points 452 ) . 

[ 0515 ] Alternatively , connector 510 and / or the stitches 
may secure the leaflets only to inner frame 430 , such that the 
leaflets are coupled to outer frame 460 only via inner frame 
430 . 
[ 0516 ] There is therefore provided , in accordance with 
some applications of the invention , a connector ( e . g . , con 
nector 510 ) comprising a flexible sheet ( e . g . , sheet 512 ) that 
is folded to define : ( i ) a panel ( e . g . , panel 508 ) that has a first 
side ( e . g . , side 508a ) , and a second side ( e . g . , side 508b ) that 
is opposite the first side ; ( ii ) a leaflet receptacle ( e . g . , 
receptacle 514 ) , disposed on the first side of the panel , and 
protruding in the first direction away from the panel ; and ( iii ) 
a plurality of flaps ( e . g . , flaps 504 ) , each flap folded about a 
respective fold axis ( e . g . , axis ax2 ) such that at least part of 
each flap is disposed on the second side of the panel . 
[ 0517 ] Receptacle 514 is configured to sandwich one or 
more prosthetic leaflets between leaflet - engaging tabs 506a 
and 506 . Typically , stitching holes 516 are defined in 
leaflet - engaging tabs 506 to guide the introduction of 
stitches which will secure the leaflets sandwiched between 
the tabs . For some applications , holes 516 are arranged into 
rows . For example , and as shown , each leaflet - engaging tab 
506 may define a first row 518a of stitching holes and a 
second row 518b of stitching holes , the rows of one tab 
being aligned with the rows of the other tab . For some such 
applications , rows 518a and 518b diverge from each other at 
an angle alpha _ 3 , typically such that that progressively 
downstream parts of the rows are progressively further from 
each other . For example , angle alpha _ 3 may be 10 - 45 
degrees ( e . g . , 10 - 30 degrees , e . g . , 15 - 25 degrees , such as 
about 20 degrees ) . 
[ 0518 ] For some applications , sheet 512 is folded such that 
each leaflet - engaging tab 506 comprises an outer layer 5200 , 
and an inner layer 520i that is positioned to be sandwiched 
between the outer layer and the one or more leaflets . 
[ 0519 ] In the unfolded state of connector 510 ( FIG . 11B ) , 
sheet 512 defines a plane ( i . e . , the plane of the page ) . In the 
unfolded state , sheet 512 defines , in the plane , ( i ) panel 508 
at a medial region of sheet 512 , ( ii ) flaps 504 , disposed 
peripherally to the panel , and ( iii ) first and second tab 
portions 526 , also disposed peripherally from the panel . 
Each tab portion 526 includes outer layer 5200 and inner 
layer 520i , and in the folded state , defines a respective 
leaflet - engaging tab 506 . 
[ 0520 ] Typically , sheet 512 further defines bridging ele 
ments 522 , via each of which a respective tab portion 526 is 
connected to panel 508 . Flaps 504 are connected to panel 
508 independently of the bridging elements . 
[ 0521 ] In the unfolded state , tab portions 526 flank panel 
508 by being disposed , in the plane , on opposing lateral 
sides of the panel . In the unfolded state , panel 508 , tab 
portions 526 , and bridging elements 522 are arranged in a 
row that defines a lateral axis ax3 in the plane , axis ax3 
passing through the panel , tab portions , and bridging ele 
ments . Axis ax3 typically passes between upstream flaps 
504a and downstream flaps 504b . Typically , the fold axis 
ax2 of each flap 504 is disposed at an angle alpha _ 4 that is 
30 - 60 degrees from lateral axis ax3 . 
[ 0522 ] In the folded state , bridging elements 522 extend 
from respective edges of panel 508 and toward each other 
across first side 508a of the panel , and each of the leaflet 
engaging tabs 506 protrudes from its respective bridging 
element away from the first side of the panel in the direction 
that the first side of the panel faces . 
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[ 0523 ] Reference is made to FIGS . 12A - B and 13A - G , 
which are schematic illustrations of another connector 610 
for connecting prosthetic leaflets ( e . g . , leaflets 58 ) to a frame 
of a prosthetic valve implant , in accordance with some 
applications of the invention . Connector 610 may be used 
with any of the implants described herein , or with a different 
prosthetic valve , mutatis mutandis . 
[ 0524 ] Connector 610 typically comprises a flexible sheet 
612 that is folded to define elements of the connector . 
Further typically , sheet 612 is a single , unitary sheet ( e . g . , 
cut from a single piece of stock material , such as a fabric ) . 
FIG . 12A shows two perspective views of connector 610 
( e . g . , sheet 612 thereof ) in its folded state , and FIG . 12B 
shows its unfolded state . To facilitate illustration of the 
folding of sheet 612 , in FIGS . 12B and 13A - G opposing 
sides of the sheet are differently shaded , e . g . , as demon 
strated by a corner of sheet 612 being curled over in FIG . 
12B to show its reverse side . 
[ 0525 ] Connector 610 ( e . g . , in its folded state ) is shaped to 
define a plurality of flaps 604 , and a leaflet - receptacle 614 
comprising one or more ( e . g . , two ) leaflet - engaging tabs 
606 , such as a first leaflet - engaging tab 606a and a second 
leaflet - engaging tab 606b . Connector 610 is typically shaped 
to define a panel ( e . g . , a plate ) 608 . In the folded state , tabs 
606 protrude from of a first side 608a of the panel , and each 
flap 604 folds over a second side 608b of the panel ( e . g . , a 
respective portion thereof ) . The commissural portions of 
leaflets 58 are stitched to leaflet - engaging tabs 606 . Flaps 
604 are folded over or wrapped around elements of the 
frame of the prosthetic valve implant , e . g . , as shown in FIG . 
13G . Typically , flaps 604 are fixed in this disposition by 
stitches ( not shown ) . 
[ 0526 ] Typically , connector 610 comprises four flaps 604 , 
typically two upstream flaps 604a and two downstream flaps 
604b . For some applications , and as shown , flaps 604 are 
arranged in a circuit such that each flap has two adjacent 
flaps around the circuit , and the fold axis ax4 of each flap is 
oriented at 60 - 120 degrees ( e . g . , 70 - 110 degrees , e . g . , 
80 - 100 degrees ) from the fold axis of each of its adjacent 
flaps . For applications in which the frame to which connec 
tor 610 is to be connected has a cellular structure with 
roughly diamond - shape cells , such an arrangement facili 
tates attachment of the connector to the frame , e . g . , as shown 
in FIG . 13G . 
[ 0527 ] There is therefore provided , in accordance with 
some applications of the invention , a connector ( e . g . , con 
nector 610 ) comprising a flexible sheet ( e . g . , sheet 612 ) that 
is folded to define : ( i ) a panel ( e . g . , panel 608 ) that has a first 
side ( e . g . , side 608a ) , and a second side ( e . g . , side 608b ) that 
is opposite the first side ; ( ii ) a leaflet receptacle ( e . g . , 
receptacle 614 ) , disposed on the first side of the panel , and 
protruding in a first direction away from the panel ; and ( iii ) 
a plurality of flaps ( e . g . , flaps 604 ) , each flap folded about a 
respective fold axis ( e . g . , axis ax4 ) such that at least part of 
each flap is disposed on the second side of the panel . 
[ 0528 ] Receptacle 614 is configured to sandwich one or 
more prosthetic leaflets between leaflet - engaging tabs 606a 
and 606b . Typically , stitching holes 616 are defined in 
leaflet - engaging tabs 606 to guide the introduction of 
stitches which will secure the leaflets sandwiched between 
the tabs . For some applications , holes 616 are arranged into 
rows . For example , and as shown , each leaflet - engaging tab 
606 may define a first row 618a of stitching holes and a 
second row 618b of stitching holes , the rows of one tab 

being aligned with the corresponding rows of the other tab . 
For some such applications , rows 618a and 618b diverge 
from each other at an angle alpha _ 5 , typically such that that 
progressively downstream parts of the rows are progres 
sively further from each other . For example , angle alpha _ 5 
may be 10 - 45 degrees ( e . g . , 10 - 30 degrees , e . g . , 15 - 25 
degrees , such as about 20 degrees ) . Downstream is defined 
by the direction in which the prosthetic leaflets facilitate 
one - way fluid flow , which itself is in part dependent on the 
orientation of the attachment of the leaflets to connectors 
610 . 
[ 0529 ] Typically , sheet 612 is folded such that each leaflet 
engaging tab 606 comprises an outer layer 6200 , and an 
inner layer 620i that is positioned to be sandwiched between 
the outer layer and the one or more leaflets . For some 
applications , and as further described hereinbelow , rows 
618a and 618b are defined by inner layer 620i , and a third 
row 618c of stitching holes is defined by outer layer 620 , and 
the folding of sheet 612 is such that row 618c aligns with 
row 618a . For such applications , only row 618c is visible in 
the folded state . In the unfolded state , an angle alpha _ 7 
between rows 618a and 618c ( i . e . , at which rows 618a and 
618c diverge from each other ) is typically 40 - 120 degrees 
( e . g . , 40 - 90 degrees , e . g . , 40 - 70 degrees , e . g . , 40 - 60 degrees , 
such as 50 - 60 degrees ) . 
[ 0530 ] In the unfolded state of connector 610 ( FIG . 12B ) , 
sheet 612 defines a plane ( i . e . , the plane of the page ) . In the 
unfolded state , sheet 612 defines , in the plane , ( i ) panel 608 
at a medial region of sheet 612 , ( ii ) flaps 604 , disposed 
peripherally to the panel , and ( iii ) first and second tab 
portions 626 , also disposed peripherally from the panel . 
Each tab portion 626 includes outer layer 6200 and inner 
layer 620i , and in the folded state , defines a respective 
leaflet - engaging tab 606 . 
[ 0531 ] Sheet 612 further defines bridging elements 622 , 
via each of which a respective tab portion 626 is connected 
to panel 608 . Flaps 604 are also connected to panel 608 via 
the bridging elements . 
[ 0532 ] Typically , in the folded state , part of each flap 604 
is disposed on first side 608a of panel 608 , and part of each 
flap is disposed on second side 608b . For example , bridging 
elements 622 are typically disposed on first side 608a , and 
each flap 604 extends from one of the bridging elements and 
around panel 608 such that part of the flap is disposed on 
side 608a , and part is disposed on side 608b . 
[ 0533 ] In the unfolded state , tab portions 626 flank panel 
608 by being disposed , in the plane , on opposing lateral 
sides of the panel . In the unfolded state , panel 608 , tab 
portions 626 , and bridging elements 622 are arranged in a 
row that defines a lateral axis ax5 in the plane , axis ax5 
passing through the panel , tab portions , and bridging ele 
ments . Axis ax5 typically passes between upstream flaps 
604a and downstream flaps 604b . Typically , the fold axis 
ax4 of each flap 604 is disposed at an angle alpha _ 6 that is 
30 - 70 degrees from lateral axis ax5 . 
[ 0534 ] Sheet 612 typically further defines a lapel 640 that , 
in the unfolded state , is lateral to each tab portion 626 . 
Lapels 640 are described further hereinbelow . 
0535 ] In the folded state , bridging elements 622 extend 
from respective edges of panel 608 and toward each other 
across first side 608a of the panel , and each of the leaflet 
engaging tabs 606 protrudes from its respective bridging 
element away from the first side of the panel in the direction 
that the first side of the panel faces . 
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sandwiched between the second - tab outer layer and 
the second commissural portion ; and 

[ 0546 subsequently , stitching a second stitching ( e . g . , 
stitching 634 ) through the first - tab outer layer , the 
first - tab inner layer , the first commissural portion , the 
second commissural portion , the second - tab inner 
layer , and the second - tab outer layer . 

10547 ] Typically , and as shown , fold line 644 is closer to 
first stitching 632 than to second stitching 634 . Typically , 
and as shown , an angle alpha _ 8 between fold line 644 and 
first stitching 632 ( FIG . 13B ) is smaller than an angle 
alpha _ 9 between the fold line and second stitching 634 ( FIG . 
13C ) . Angle alpha _ 8 is also the angle between fold line 644 
and row 618b . Angle alpha _ 9 is also the angle between fold 
line 644 and row 618c ( and also typically between the fold 
line and row 618a ) . Therefore , typically , the folding of tab 
portion 626 back against itself comprises folding the tab 
portion such that an angle between the fold line and row 
618b is smaller than both ( i ) the angle between the fold line 
and row 618a , and ( ii ) the angle between the fold line and 
row 618c . 

[ 0548 ] There is therefore provided , in accordance with 
some applications of the invention , apparatus , compris 
ing : 

[ 0536 ] FIGS . 13A - G show steps in the folding of sheet 
612 from the unfolded state to the folded state , in order to 
define connector 610 , in accordance with some applications 
of the inventions . Folds are made in downstream regions of 
tab portions 626 , e . g . , the downstream edge of each layer 
6100 and / or each layer 610i is folded over to form respective 
folds 628 ( FIG . 13A ) . This will provide each leaflet - engag 
ing tab with a cushion 630 , described hereinbelow . Folds 
628 may be secured by stitching . 
[ 0537 ] Sheet 612 is folded in half along its longitudinal 
axis ax6 ( or is simply bent around the longitudinal axis 
without creating a distinct fold ) , bringing tab portions 626 
together ( FIG . 13B ) . Commissural portions of two leaflets 
58 ( e . g . , a first leaflet 58a and a second leaflet 586 ) are 
introduced , such that they are sandwiched together between 
portions 626 . As shown , the positioning of the leaflets is 
typically such that they are disposed between the holes 616 
of one portion 626 , and those of the other portion 626 . Holes 
616 of row 618b of both portions 626 are stitched together 
by a first stitching 632 . Stitching 632 therefore passes 
through leaflets 58a and 586 , thereby securing them to 
connector 610 . 
[ 0538 ] Subsequently , tab portions 626 are folded , along a 
fold line 644 , back against themselves , thereby defining 
inner layer 620i and outer layer 6200 ( FIG . 13C ) , and 
aligning rows 618c with rows 618a ( e . g . , such that the 
resulting angle between fold line 644 and row 618a is 
substantially equal to ( e . g . , within 5 % of ) the resulting angle 
between the fold line and row 168c ) . 
[ 0539 ] It is to be noted that first stitching 632 , and holes 
616 of rows 618a and 618b , are covered ( e . g . , hidden ) by 
outer layer 6200 . Rows 618c and 618a of one tab portion 
626 , leaflets 58a and 58b , and rows 618a and 618c of the 
other tab portion are then stitched together by a second 
stitching 634 . This reinforces the connection of the leaflets 
to connector 610 . Thus , tab portions 626 are formed into 
leaflet - engaging tabs 606 . 
[ 0540 ] There is therefore provided , in accordance with 
some applications of the invention , a method for use with a 
flexible sheet ( e . g . , sheet 612 ) that , in an unfolded state of 
the sheet , defines a panel ( e . g . , panel 608 ) at a medial region 
of the sheet , a first tab portion disposed peripherally to the 
panel , and a second tab portion disposed peripherally to the 
panel opposite the first tab portion , the method comprising : 

10541 ] sandwiching , between the first tab portion and 
the second tab portion , ( i ) a first commissural portion of 
a first prosthetic leaflet , and ( ii ) a second commissural 
portion of a second prosthetic leaflet ; 

[ 0542 ] attaching the first tab portion and the second tab 
portion to the flexible sheet by stitching a first stitching 
( e . g . , stitching 632 ) through the first tab - portion , the 
first commissural portion , the second commissural por 
tion , and the second tab - portion ; 

[ 0543 ] subsequently , covering the first stitching by : 
[ 0544 ] folding the first tab portion back against itself 

to form the first tab portion into a first tab having 
first - tab outer layer and a first - tab inner layer , such 
that the first - tab inner layer is sandwiched between 
the first - tab outer layer and the first commissural 
portion , and 

[ 0545 ] folding the second tab portion back against 
itself to form the second tab portion into a second tab 
having a second - tab outer layer and a second - tab 
inner layer , such that the second - tab inner layer is 

[ 0549 ] a unitary flexible sheet ( e . g . , sheet 612 ) , 
folded to define : 
[ 0550 ] a panel ( e . g . , panel 608 ) , having a first side 

facing in a first direction , and a second side that is 
opposite the first side ; 

0551 ] a first tab ( e . g . , leaflet - engaging tab 606a ) , 
disposed on the first side of the panel , having a 
first - tab outer layer and a first - tab inner layer , and 
protruding in the first direction away from the 
panel ; and 

[ 0552 ] a second tab ( e . g . , leaflet - engaging tab 
606a ) , disposed on the first side of the panel , 
having a second - tab outer layer and a second - tab 
inner layer , and protruding in the first direction 
away from the panel ; 

[ 0553 ] a first prosthetic leaflet having a first - leaflet 
commissural portion disposed between the first - tab 
inner layer and the second - tab inner layer ; 

[ 0554 ] a second prosthetic leaflet having a second 
leaflet commissural portion disposed between the 
first - tab inner layer and the second - tab inner layer ; 

[ 0555 ] a first stitching ( e . g . , stitching 632 ) , stitched 
through the first - tab inner layer , the first - leaflet com 
missural portion , the second - leaflet commissural 
portion , and the second - tab inner layer ; and 

[ 0556 ] a second stitching ( e . g . , stitching 634 ) , 
stitched through the first - tab outer layer , the first - tab 
inner layer , the first - leaflet commissural portion , the 
second - leaflet commissural portion , the second - tab 
inner layer , and the second - tab outer layer , 

[ 0557 ] wherein the first - tab outer layer and the second 
tab outer layer cover the first stitching . 

10558 ] . It is to be noted that , in the unfolded state of sheet 
612 , the region of the sheet that eventually defines outer 
layer 6200 is disposed further laterally than the region of the 
sheet that eventually defines inner layer 620i . This is in 
contrast to connector 510 , in which the region of the sheet 
that eventually defines inner layer 520i is disposed further 
laterally than the region of the sheet that eventually defines 
outer layer 5200 . 
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[ 0559 ] Subsequent to the step shown in FIG . 13C , the 
folding in half of sheet 612 shown in step 13B is reversed , 
mutatis mutandis , flattening panel 608 thereby bringing it 
closer to the leaflets , and moving bridging elements 622 
away from each other and folding them against the panel 
( FIG . 13D ) . Typically , regions of each leaflet 58 ( e . g . , 
unstitched parts of the commissural portion of each leaflet ) 
that are disposed beyond row 618c become disposed ( e . g . , 
sandwiched ) between bridging elements 622 and another 
region of sheet 612 , such as panel 608 . Typically , the 
unstitched part of the commissural portion of one leaflet is 
moved away from the unstitched part of the commissural 
portion of the other leaflet . 
[ 0560 ] Typically , the step shown in FIG . 13C brings lapels 
640 into contact with bridging elements 622 . The step shown 
in FIG . 13D typically causes each bridging element 622 to 
move with the bridging element 622 with which it is in 
contact , and folding with respect to outer layer 620i of 
leaflet - engaging tabs 606 . For some applications , stitches are 
passed through lapel 640 , bridging element 622 , leaflet 58 , 
and panel 608 . This stitching may be an independent step , or 
may be achieved when securing flaps 604 to the frame of the 
prosthetic valve , e . g . , as described hereinbelow . 
[ 0561 ] FIG . 13E shows perspective views of the state 
shown in FIG . 13D . Each leaflet 58 has a downstream edge 
638 . It is to be noted that leaflet - engaging tabs 606 typically 
extend in a downstream direction beyond downstream edges 
638 . It is to be further noted that cushions 630 are typically 
positioned such that at least part of each cushion is disposed 
further downstream than downstream edges 638 . Tabs 606 
and / or cushions 630 are thereby configured to inhibit move 
ment of the commissural portion of each leaflet 58 ( and 
especially of downstream edges 638 ) toward the frame of 
the prosthetic valve . It is hypothesized by the inventors that 
this reduces a likelihood of leaflets 58 becoming damaged 
over time due to contact with the frame . 
10562 ] There is therefore provided , in accordance with 
some applications of the invention , apparatus , comprising : 

[ 0563 ] ( 1 ) a unitary flexible sheet , folded to define ( i ) a 
panel , defining a plane , and having a first side facing in 
a first direction away from the plane , and a second side 
that is opposite the first side ; ( ii ) a first tab , disposed on 
the first side of the panel , and protruding in the first 
direction away from the panel ; and ( iii ) a second tab , 
disposed on the first side of the panel , and protruding 
in the first direction away from the panel ; 

[ 0564 ] ( 2 ) a first prosthetic leaflet having a first - leaflet 
commissural portion disposed between the first tab and 
the second tab ; 

[ 0565 ] ( 3 ) a second prosthetic leaflet having a second 
leaflet commissural portion disposed between the first 
tab and the second tab ; 

[ 0566 ] wherein : ( i ) at the first tab , the sheet is folded to 
define a first cushion at a downstream edge of the first 
tab , the first cushion being configured and positioned to 
inhibit deflection of a downstream portion of the first 
prosthetic leaflet away from the second prosthetic leaf 
let and toward the plane , and ( ii ) at the second tab , the 
sheet is folded to define a second cushion at a down 
stream edge of the second tab , the second cushion being 
configured and positioned to inhibit deflection of a 
downstream portion of the second prosthetic leaflet 
away from the first prosthetic leaflet and toward the 
plane . 

[ 0567 ] As described hereinabove , each cushion 630 is 
typically formed by folding at least one fold 628 . Therefore , 
for some applications , sheet 612 defines a first - tab fold ( in 
the first tab ) and a second - tab fold ( in the second tab ) , the 
first cushion comprises the first - tab fold , folded between the 
first - tab inner layer and the first - tab outer layer , and the 
second cushion comprises the second - tab fold , folded 
between the second - tab inner layer and the second - tab outer 
layer . 
( 0568 ] For some applications , each cushion is formed by 
folding a fold in each of the layers of each leaflet - engaging 
tab . That is , for some applications : 

[ 0569 ] the first - tab fold described in the previous para 
graph is a first - tab outer fold , continuous with the 
first - tab outer layer , 

[ 0570 ] the second - tab fold described in the previous 
paragraph is a second - tab outer fold , continuous with 
the second - tab outer layer , 

[ 0571 ] the sheet further defines : 
[ 0572 ] a first - tab inner fold , continuous with the 

first - tab inner layer , and 
[ 0573 ] a second - tab inner fold , continuous with the 
second - tab inner layer , 

[ 0574 ] the first cushion comprises : 
[ 0575 ] the first - tab outer fold , folded between the 

first - tab outer layer and the first - tab inner fold , and 
10576 ] the first - tab inner fold , folded between the 

first - tab inner layer and the first - tab outer fold , and 
[ 0577 ] the second cushion comprises : 

[ 0578 ] the second - tab outer fold , folded between the 
second - tab outer layer and the second - tab inner fold , 
and 

f0579 ] the second - tab inner fold , folded between the 
second - tab inner layer and the second - tab outer fold . 

10580 ] For some applications , each leaflet - engaging tab 
606 defines a downstream opening 642 between inner layer 
620i and outer layer 6200 . 
[ 0581 ] Typically , three connectors 610 are used to connect 
three leaflets 58 at three commissures , to form a valvular 
assembly 650 that comprises tri - leaflet check - valve ( FIG . 
13F ) . In the valvular assembly , connectors 610 are arranged 
circumferentially , and leaflets 58 extend radially inward 
from the connectors . Each connector 610 is secured to the 
frame of the prosthetic valve ( FIG . 13G ) . For example , 
valvular assembly 650 may be disposed within lumen 38 , 
and connectors 610 may be secured to frame 30 at tubular 
portion 32 , and / or to frame 60 ( e . g . , at ring 66 ) . Flaps 604 
are folded over components of the frame of the prosthetic 
valve ( which are shown in phantom ) , and secured by stitch 
ing . For some applications , some of this stitching may pass 
through several elements , such as flaps 604 , panel 608 , 
leaflets 58 , bridging elements 622 , and / or lapels 640 . Typi 
cally , but not necessarily , valvular assembly 650 is 
assembled before connectors 610 are secured to the frame of 
the prosthetic valve . 
[ 0582 ] Valvular assembly 650 is configured such that , 
when secured to the frame of the prosthetic valve , the 
valvular assembly facilitates upstream - to - downstream fluid 
flow through the lumen of the prosthetic valve by the three 
prosthetic leaflets opening ( i . e . , the downstream edges of the 
leaflets move away from each other ) , and to inhibit down 
stream - to - upstream fluid flow through the lumen by the 
three prosthetic leaflets closing ( i . e . , the downstream edges 
of the leaflets move toward each other ) . Typically , for each 
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connector 610 , when leaflets 58 open , tabs 606 ( or at least 
a part of each ) move away from each other , and when the 
leaflets close , the tabs ( or at least a part of each ) move 
toward each other . 
[ 0583 ] Although FIGS . 13A - G show a particular 
sequence , and although some of the steps are necessarily 
performed before others , it is to be understood that some of 
the steps may be performed in a different order to that 
shown . For example , folds 628 may be folded at a later stage 
to that shown . 
[ 0584 ] Reference is again made to FIGS . 12A - 13G . It is to 
be noted that each tab 606 defines a loose region 646 , further 
away from panel 608 than both stitching 634 and stitching 
632 . Loose region 646 is relatively loose with respect to 
leaflets 58 . When the valvular assembly is coupled to a 
tubular frame as described hereinabove , loose region 646 is 
disposed radially inward from first stitching 632 and second 
stitching 634 . 
105851 Reference is now made to FIGS . 14A - B , which are 
schematic illustrations of another connector 710 for con 
necting prosthetic leaflets ( e . g . , leaflets 58 ) to a frame of a 
prosthetic valve implant , in accordance with some applica 
tions of the invention . Connector 710 may be used with any 
of the implants described herein , or with a different pros 
thetic valve , mutatis mutandis . Typically , connector 710 is 
identical to connector 610 , except that it further comprises 
a separate flexible sheet 712 , used in combination with sheet 
612 . Typically , sheet 712 is placed between the commissural 
portions of the leaflets 58 being connected , such that when 
the commissural portions of the leaflets are sandwiched 
between tab portions 626 , sheet 712 is sandwiched between 
the commissural portions of the leaflets . FIG . 14A is analo 
gous to FIG . 13B , but showing the addition of separate 
flexible sheet 712 . FIG . 14B is analogous to the left side 
image of FIG . 13E , but showing the addition of separate 
flexible sheet 712 . 
[ 0586 ] The positioning of sheet 712 is typically such that 
it is disposed between holes 616 of row 618b of one tab 
portion 626 , and the holes of row 618a of the other tab 
portion . The positioning of sheet 712 is also typically such 
that it is disposed between holes 616 of row 618a of one tab 
portion 626 , and the holes of row 618a of the other tab 
portion . Therefore , for applications in which sheet 712 is 
used , first stitching 632 is typically stitched through sheet 
712 , and second stitching 634 is also typically stitched 
through sheet 712 . For some applications , and as shown , 
sheet 712 protrudes in a downstream direction beyond tabs 
606 ( e . g . , beyond cushions 630 ) . 
[ 0587 ] The use of sheet 712 results in the commissural 
portion of each leaflet being sandwiched between two layers 
of fabric , rather than between a layer of fabric and the other 
leaflet . It is hypothesized by the inventors that this strength 
ens the connection between the leaflets and the connector , 
and reduces a likelihood of tearing of the leaflets where they 
are stitched to the connector . 
10588 ] Reference is again made to FIGS . 1A - 14B . Among 
the advantages provided by assembling a prosthetic valve 
from two ( e . g . , concentric ) frames is the ability to divide the 
frame elements required between the two frames , in a 
manner that would not be possible in a single frame , or in a 
manner that , if a single frame were used , would increase the 
size ( e . g . , the diameter or the length ) of the implant in its 
compressed state . Additionally , for some applications , the 
use of two frames allows different sizes of the implant to be 

compressed ( “ crimped ” ) to the same or similar diameter , and 
for some such applications , to be delivered using the same 
delivery tool ( e . g . , delivery tool 89 ) . For example , for 
implants comprising frame assembly 422 , an implant of a 
larger size may have a lumen diameter that is at least 15 
percent greater than the lumen diameter of an implant of a 
smaller size ( in their respective expanded states ) , but in their 
compressed states , the diameter of the implant of the larger 
size may be no more than 2 percent greater than the diameter 
of the implant of the smaller size . 
[ 0589 ] For some applications , a delivery tool is provided 
for use with different sizes of the implant , e . g . , with the 
implants provided separately . For some such applications , a 
kit is provided containing a delivery tool and implants of 
different sizes . 
10590 ] Reference is again made to FIGS . 1A - 14B . It is to 
be noted that unless specifically stated otherwise , the term 
“ radially outward ” ( e . g . , used to describe upstream support 
portion 40 and flanges 54 ) means portions of the element are 
disposed progressively further outward from a central point 
( such as longitudinal axis ax1 or tubular portion 32 ) , but 
does not necessarily mean disposed at 90 degrees with 
respect to longitudinal axis ax1 . For example , flanges 54 
may extend radially outward at 90 degrees with respect to 
longitudinal axis ax1 , but may alternatively extend radially 
outward at a shallower angle with respect to the longitudinal 
axis . 
[ 0591 ] It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has been 
particularly shown and described hereinabove . Rather , the 
scope of the present invention includes both combinations 
and subcombinations of the various features described here 
inabove , as well as variations and modifications thereof that 
are not in the prior art , which would occur to persons skilled 
in the art upon reading the foregoing description . 

1 . A method for use with a flexible sheet that , in an 
unfolded state of the sheet , defines a panel at a medial region 
of the sheet , a first tab portion disposed peripherally to the 
panel , and a second tab portion disposed peripherally to the 
panel opposite the first tab portion , the method comprising : 

sandwiching , between the first tab portion and the second 
tab portion , ( i ) a first commissural portion of a first 
prosthetic leaflet , and ( ii ) a second commissural portion 
of a second prosthetic leaflet ; 

attaching the first tab portion and the second tab portion 
to the flexible sheet by stitching a first stitching through 
the first tab - portion , the first commissural portion , the 
second commissural portion , and the second tab - por 
tion ; 

subsequently , covering the first stitching by : 
folding the first tab portion back against itself to form 

the first tab portion into a first tab having first - tab 
outer layer and a first - tab inner layer , such that the 
first - tab inner layer is sandwiched between the first 
tab outer layer and the first commissural portion , and 

folding the second tab portion back against itself to 
form the second tab portion into a second tab having 
a second - tab outer layer and a second - tab inner layer , 
such that the second - tab inner layer is sandwiched 
between the second - tab outer layer and the second 
commissural portion ; and 

subsequently , stitching a second stitching through the 
first - tab outer layer , the first - tab inner layer , the first 
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commissural portion , the second commissural portion , 
the second - tab inner layer , and the second - tab outer 
layer . 

2 . The method according to claim 1 , wherein the step of 
sandwiching comprises sandwiching a separate flexible 
sheet between the first commissural portion and the second 
commissural portion . 

3 . The method according to claim 1 , wherein stitching the 
first stitching comprises stitching the first stitching through 
( i ) the first tab - portion , ( ii ) the first commissural portion , ( iii ) 
a separate flexible sheet disposed between the first commis 
sural portion and the second commissural portion , ( iv ) the 
second commissural portion , and ( v ) the second tab - portion . 

4 . The method according to claim 1 , wherein the step of 
sandwiching comprises sandwiching a fabric divider 
between the first tab portion and the second tab portion . 

5 . The method according to claim 1 , wherein the step of 
sandwiching comprises sandwiching a separate flexible 
sheet between the first commissural portion and the second 
commissural portion , and wherein stitching the first stitching 
comprises stitching the first stitching through the separate 
flexible sheet . 

6 . The method according to claim 5 , wherein stitching the 
second stitching comprises stitching the second stitching 
through the separate flexible sheet . 

7 . The method according to claim 1 , wherein the flexible 
sheet is a first flexible sheet , and the steps of sandwiching , 
attaching , covering , and stitching the second stitching , are 
steps in assembling the first flexible sheet into a first 
commissure at which the first prosthetic leaflet and the 
second prosthetic leaflet meet , and wherein the method 
further comprises : 

assembling a valvular assembly that includes the first 
commissure , a second commissure , a third commissure , 
the first prosthetic leaflet , the second prosthetic leaflet , 
and a third prosthetic leaflet , by : 
assembling a second flexible sheet into a second com 

missure at which the second prosthetic leaflet and a 
third prosthetic leaflet meet ; and 

assembling a third flexible sheet into a third commis 
sure at which the third prosthetic leaflet and the first 
prosthetic leaflet meet ; and 

subsequently to assembling the valvular assembly , secur 
ing the valvular assembly within a lumen defined by a 
tubular frame , such that : 
the first , second , and third prosthetic leaflets are 

arranged within the lumen to facilitate upstream - to 
downstream fluid flow through the lumen by the first , 
second , and third prosthetic leaflets opening , and to 
inhibit downstream - to - upstream fluid flow through 
the lumen by the first , second , and third prosthetic 
leaflets closing , and 

for each of the commissures : 
the panel is disposed against an inner surface of the 

tubular frame , and 
the first tab and the second tab extend away from the 

panel into the lumen . 
8 . The method according to claim 7 , wherein for each of 

the commissures , assembling the flexible sheet into the 
commissure comprises assembling the flexible sheet into the 
commissure such that the first tab and the second tab each 
define a loose region , radially inward from the first stitching 
and the second stitching , that is loose with respect to the 
prosthetic leaflets that meet at the commissure . 

9 . The method according to claim 7 , wherein securing the 
valvular assembly within the lumen comprises securing the 
valvular assembly within the lumen such that , for each of the 
commissures , in response to the first , second , and third 
prosthetic leaflets opening , at least part of the first tab and at 
least part of the second tab move away from each other , and 
in response to the first , second , and third prosthetic leaflets 
closing , at least part of the first tab and at least part of the 
second tab move toward each other . 

10 . The method according to claim 1 , further comprising , 
subsequently to stitching the second stitching , securing the 
panel against an inner surface of a tubular frame , such that 
( i ) the first tab , the second tab , the first prosthetic leaflet , and 
the second prosthetic leaflet extend away from the panel into 
a lumen defined by the tubular frame , and ( ii ) the first and 
second leaflets are arranged to facilitate upstream - to - down 
stream fluid flow through the lumen , and to inhibit down 
stream - to - upstream fluid flow through the lumen . 

11 . The method according to claim 10 , wherein the sheet , 
in its unfolded state , further defines a plurality of flaps 
disposed peripherally to the panel , and wherein securing the 
panel against the inner surface of the tubular frame com 
prises folding each flap of the plurality of flaps around a 
respective component of the tubular frame . 

12 . The method according to claim 11 , wherein securing 
the panel against the inner surface of the tubular frame 
further comprises stitching each flap of the plurality of flaps 
to the respective component of the tubular frame . 

13 . The method according to claim 10 , further comprising 
( i ) forming a first cushion by folding a first - tab fold in a 
downstream edge of the first tab portion , and ( ii ) forming a 
second cushion by folding a second - tab fold in a down 
stream edge of the second tab portion . 

14 . The method according to claim 13 , wherein forming 
the first cushion and forming the second cushion comprise 
forming the first cushion and forming the second cushion 
such that , after the panel has been secured against the inner 
surface of the inner frame , the first cushion and the second 
cushion are disposed downstream of the first prosthetic 
leaflet and the second prosthetic leaflet . 

15 . The method according to claim 13 , wherein forming 
the first cushion and forming the second cushion comprise 
forming the first cushion and forming the second cushion 
such that , after the panel has been secured against the inner 
surface of the inner frame , neither the first cushion nor the 
second cushion are in contact with the first prosthetic leaflet 
or the second prosthetic leaflet . 

16 . The method according to claim 13 , wherein forming 
the first cushion comprises forming the first cushion such 
that , after the panel has been secured against the inner 
surface of the inner frame , the first tab defines a downstream 
opening between the first - tab inner layer and the first - tab 
outer layer , and forming the second cushion comprises 
forming the second cushion such that , after the panel has 
been secured against the inner surface of the inner frame , the 
second tab portion defines a downstream opening between 
the second - tab inner layer and the second - tab outer layer . 

17 . The method according to claim 13 , wherein : 
forming the first cushion comprises folding the first - tab 

fold such that , after the panel has been secured against 
the inner surface of the inner frame , the first - tab fold is 
disposed between the first - tab inner layer and the 
first - tab outer layer , and 
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forming the second cushion comprises folding the second 
tab fold such that , after the panel has been secured 
against the inner surface of the inner frame , the second 
tab fold is disposed between the second - tab inner layer 
and the second - tab outer layer . 

18 . The method according to claim 17 , wherein : 
the first - tab fold is a first - tab outer fold , 
the second - tab fold is a second - tab outer fold , 
forming the first cushion further comprises folding a 

first - tab inner fold in the downstream edge of the first 
tab portion , such that after the panel has been secured 
against the inner surface of the inner frame : 
the first - tab outer fold is continuous with the first - tab 

outer layer , and is disposed between the first - tab 
outer layer and the first - tab inner fold , and 

the first - tab inner fold is continuous with the first - tab 
inner layer , and is disposed between the first - tab 
inner layer and the first - tab outer fold , and 

forming the second cushion further comprises folding a 
second - tab inner fold in the downstream edge of the 
second tab portion , such that after the panel has been 
secured against the inner surface of the inner frame : 
the second - tab outer fold is continuous with the second 

tab outer layer , and is disposed between the second 
tab outer layer and the second - tab inner fold , and 

the second - tab inner fold is continuous with the second 
tab inner layer , and is disposed between the second 
tab inner layer and the second - tab outer fold . 

19 . The method according to claim 13 , wherein forming 
the first - tab cushion comprises forming the first - tab cushion 
prior to folding the first tab - portion back against itself , and 
forming the second - tab cushion comprises forming the sec 
ond - tab cushion prior to folding the second tab - portion back 
against itself . 

20 . The method according to claim 19 , wherein forming 
the first - tab cushion and forming the second - tab cushion 
comprises forming the first - tab cushion and forming the 
second - tab cushion subsequently to stitching the first stitch 

the first stitching through the second row , the first 
commissural portion , the second commissural portion , 
and the fifth row . 

22 . The method according to claim 21 , wherein , in the 
unfolded state of the sheet , the first row and the third row 
diverge at a diverging angle , and wherein folding the first tab 
portion back against itself comprises folding the first tab 
portion along a fold line such that an angle between the fold 
line and the first row is substantially equal to an angle 
between the fold line and the third row . 

23 . The method according to claim 22 , wherein folding 
the first tab portion back against itself comprises folding the 
first tab portion such that an angle between the fold line and 
the second row is smaller than both ( i ) the angle between the 
fold line and the first row , and ( ii ) the angle between the fold 
line and the third row . 

24 . The method according to claim 21 , wherein : 
folding the first tab portion back against itself comprises 

folding the first tab portion back against itself such that 
the first - tab outer layer covers the second row , and the 
third row is aligned with the first row , and 

folding the second tab portion back against itself com 
prises folding the second tab portion back against itself 
such that the second - tab outer layer covers the fifth row , 
and the sixth row is aligned with the fourth row . 

25 . The method according to claim 21 , wherein stitching 
the second stitching through the first - tab outer layer , the 
first - tab inner layer , the first commissural portion , the second 
commissural portion , the second - tab inner layer , and the 
second - tab outer layer comprises stitching the second stitch 
ing through the third row , the first row , the first commissural 
portion , the second commissural portion , the fourth row , and 
the sixth row . 

26 . The method according to claim 1 , further comprising , 
subsequently to stitching the second stitching , bringing the 
panel closer to the first prosthetic leaflet and the second 
prosthetic leaflet . 

27 . The method according to claim 26 , wherein bringing 
the panel closer comprises moving an unstitched part of the 
first commissural portion away from an unstitched part of 
the second commissural portion . 

28 . The method according to claim 26 , wherein bringing 
the panel closer comprises sandwiching unstitched parts of 
the first commissural portion and unstitched parts of the 
second commissural portion between the panel and another 
region of the sheet . 

29 . The method according to claim 26 , wherein bringing 
the panel closer to the first prosthetic leaflet and the second 
prosthetic leaflet comprises flattening the panel . 

30 . The method according to claim 29 , wherein the step 
of sandwiching comprises bending the panel . 

31 - 126 . ( canceled ) 

ing . 
21 . The method according to claim 1 , wherein : 
the first tab portion defines a plurality of first - tab portion 

suture holes arranged in : 
a first row , 
a second row , and 
a third row , and 

the second tab portion defines a plurality of second - tab 
portion suture holes arranged in : 
a fourth row , 
a fifth row , and 
a sixth row , and 

stitching the first stitching through the first tab - portion , 
the first commissural portion , the second commissural 
portion , and the second tab - portion comprises stitching * * * * * 


