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TRANSCATHETER VALVE PROSTHESIS

Technical Field

[0001] Embodiments generally relate to a transcatheter valve prosthesis, especially

a transcatheter atrio-ventricular valve prosthesis.

Background
[0002] Heart valve diseases are affecting approximately 300,000 people

worldwide each year. Those diseases translate in abnormal leaflet tissue (excess tissue
growth, tissue degradation/rupture, tissue hardening/calcifying), or abnormal tissue position
through the cardiac cycle (e.g., annular dilation, ventricular reshaping) leading to a
degrading valve function like leakage/blood backflow (valve insufficiency) or a resistance to
blood forward flow (valve stenosis).

[0003] Accordingly, it would be desirable to provide a transcatheter valve
prosthesis for functional replacement of a heart valve.

[0003a] The discussion of the background to the invention included herein
including reference to documents, acts, materials, devices, articles and the like is included to
explain the context of the present invention. This is not to be taken as an admission or a
suggestion that any of the material referred to was published, known or part of the common
general knowledge in Australia or in any other country as at the priority date of any of the

claims.

Summary
[0004] In one aspect, the present invention provides a system for implanting a heart

valve, the system comprising: a radially self-expandable tubular body having an inflow end
and an outflow end and a projection extending from a side surface of the tubular body
toward the inflow end; a valve disposed within and attached to the tubular body; a fabric
configured to form a pouch between the tubular body and the projection, wherein the pouch
is suspended between the projection and the tubular body such that the pouch is spaced from
a point of attachment of the projection to the side surface of the tubular body; and an
elongate outer member configured to be moved into the pouch and guide heart tissue into the
pouch such that the heart tissue is between the tubular body and the elongate outer member.
[0005] In another aspect, the present invention provides a method for implanting a

replacement valve in a patient's heart, the method comprising: deploying from a delivery
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catheter a radially self-expandable tubular body having a valve disposed within a lumen of
the tubular, a projection extending from a side surface of the tubular body toward the inflow
end, a groove formed between the projection and the tubular body, and a fabric extending
from the inflow end and over the projection, such that, when the tubular body is deployed,
the tubular body is aligned with a native valve of the patient; and guiding portions of native
valve leaflets and/or chords into the groove and forming a pouch of the fabric in the groove
with an elongate outer member disposed radially outward of the native valve, such that the
native valve leaflets and/or chords are between the tubular body and the elongate outer
member, wherein the pouch is suspended between the projection and the tubular body such
that the pouch is spaced from a point of attachment of the projection to the side surface of
the tubular body.

[0005a] Where the terms "comprise”, "comprises", "comprised" or "comprising"
are used in this specification (including the claims) they are to be interpreted as specifying
the presence of the stated features, integers, steps or components, but not precluding the

presence of one or more other features, integers, steps or components, or group thereto.

Brief Description of the Drawings

[0006] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the following
description, various embodiments are described with reference to the following drawings, in
which:

Figure 1 shows schematically a transcatheter valve prosthesis according to
embodiments, located in a connection channel of a human heart,

Figure 1a shows a detail of a free end of a projection of the valve prosthesis
according to embodiments,

Figure Ib shows a detail of a free end of a projection of the valve prosthesis according
to embodiments,

Figure 2 shows a transcatheter valve prosthesis according to embodiments,

Figure 2a schematically shows extension angles of projections according to
embodiments,

Figure 3 shows schematically a transcatheter valve prosthesis comprising an elongate

outer member according to embodiments located in a connection channel of a human heart,
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Figure 4 shows a transcatheter valve prosthesis including a clamping member
according to embodiments,
Figure 5 shows the transcatheter valve prosthesis including the clamping member of

Figure 4 from a different perspective,
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Figure 6a shows a schomatic cross section of a transcatheter valve prosthesis along
A=A in Figure 3,
Figure 6b shows a schematic oross section of a transcatheter valve prosthesis aloong
B-B in Figure 3,
Figure 6¢ shows a schematic oross section of a transcathoter valve prosthesis along
C-C in Frgure 4 including a clamping mensher,

Figure 6d shows 3 schematic oross section of 3 transcatheter valve prosthesis along

C-C in Figore 4 including s clamping member in snother acrangament thay shown o Figure
6e.

Figure 7 schematically shows the interaction of a transcatheter valve prosthesis, heart
tissue and an elongate outer member according to embodiments,

Figure 8 shows g transcatheter valve prosthests according to embodiments,

Figure 9 shows a tubular body of a transcatheter valve prosthesis,

Figure 10 schematically shows a transcatheter vabve prosthesis including an onter
member,

Figure || schenatically shows the transcatheter valve prosthesis including an
clongate outer member gecording to embodiments,

Figure |2 schematically shows the transeatheter valve prosthesis according to
embodiments,

Figures 13a and 13b schematically show the transcatheter valve prosthesis according
tr embodiments,

Figure 14 schematically shows the transcatheter valve prosthesis according to
embodiments,
Figures 13a, 15h, and 3¢ schematically show the transcatheter valve prosthesis and

isertion membser,
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Figures 16a and 16b schematically show the transcatheter valve prosthesis according

t embodiments,

W

Figures 17a, 17h, 17e, 174, and 17 schematically show the franscatheter valve
prosthests according o embodiments,

Figure 18 schematicatly shows the transcatheter valve prosthesis according fo
embodiments,

Figure 19 schematically shows the transcatheter valve prosthesis according o
embodiments,

Figure 20 schematically shows the clamping member according to smbodiments,

Figure 21 schematically shows the clamping member according to embodiments,

Figare 22 schematically shows the clamping member according to embodiments,

Figure 23 schematically shows the clamping member according to embodiments,

Figure 24 schematically shows the clamping member aceording o embodiments,

Figures 28a, 23h, and 25¢ schematically show the clamping member according to
enthodiments,

Figure 26 schenatically shows the transcatheter valve prosthesis sceording to
embodiments, and

Figure 27 schematically shows the transeatheter valve prosthesis according to
embodiments.

{0071 The following detailed description refers to the accompanying drawings that
show, by way of ifhustration, specitic details and embodiments in which the invention may be
practiced. These embodiments are described in sefficient detail fo enable those skilled o the
art o practice the imvention, Other embodiments may be utilized and structural and logiead

changes may be made without departing from the scope of the invention. The various
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embadiments are not necessurily nutually exclusive, as some embodiments can be combined
with one or more other embodiments to torm additional smbodiments.

[0008] With reforence to Figures 1, 1a, b and 2, a transcathetor atrioventricalar
valve prosthesis 1 for fonctional replacement of @ (native) atrio-ventricular heart valve S ina
connection channel 10 that connects an atrial heart chamber 13 with a ventricular chamber 20
amd compiising a connection channe! wall structurs 25 may conmpweise 8 tubular body 34, The
tebular body 30 may be disposed i the interior of the connection channel 10 and extend
along an axis 35, The axis 35 may be the longitadinal axis 35 of the tubslar body 30, which
may be wi elongated body. In the implanted condition, the axis 35 of the tubular body 30 may,
bt need pot pecessarily, be aligned substantially coaxial to an axis of the comnection chaonel
10, The tubular body 30 may be radially compressible so as to facilitate approach o and
msertion into the connection channel 10, e.g., using a catheter or the like, and then be radially
expandable so as to closely engage the intevior or inner side of the connection channel wall
structare 25, and may comprise an artificia! heart valve 40 (e.g., schematically shown in
Figure 6a) arranged within the tabular body 340

[0009]  The native atriv-ventricular heart valve §{e.g., o mitral valve or a triscupid
valve} to be replaced has the generally circumierential wall structure 25 forming the
connection channel 10 {or through opening) between the atvial 15 and ventricular 20
chambuers of the heart. #t includes a circumferential valve annulus, valve leaflets opening the
connection channclthrough opening and closing the connection channel through opening &t 8
position close to the valve annules, a generally clreumiferential chord structure chordas
tendinag) connected between the valve leaflets and generally circumferential papiliary
museie(s), and said clreumferential papillary muscle(s).

[0016] The artificial beart valve 40 may be atfached 1o the tubalar body 30 and may
be designed to serve ag an artificial replacement valve for an atrio-venticolar beart valve (for

exanple & mitral andfor a tricespid valve), The armificial valve 40 may comprise artificial



WO 2015/128747 PCT/IB2015/001005

6

Haps (.2, three Baps as schematically shown in Figure 62) for functional replacement of the
native heart valve, The tubular body 30 may be provided with an outer circumterential
graove 453, The ouater eircumivrential groove 45 nay be open © the radial ontside of the
tubular body 30, The circumfercntial groove 45 may define a groove bottom 46, The outer
circumicrential groove 45 may define a channel 47 which is defined Hself by the groove
bottom 46 and axially (v axial divection of the tubnilar body 30 apposite side walls 48, 49,
The groove bottom 46 may separate the tubular body 3 into fiest and second body sections
31, 32, The eivcamferential groove 45 yay extend around a whoele circomference of the
tabular body 30 or may only extend partially arowund & circumtvrence of the tubular body 30
The outer civewmferential groove 43 may be a continuous, that is non-interrupled, groove, or
may he an interrupted groove 43 having, for example, two or more ciroumiferential groove
portions 45 provided, for example, on the same axial level of the tabualar body 36 that are
interrupted by greas in which no recessed portion, which may provide the groove portion, i3
formed. The circomferential groove 45 may be located at an axial distance (along axis 35)
from the axial ends of the twbudar body 30, Le. the chroumferential groove 45 may be spaced
apart in an axial direction from end portions of the tubular body 30,

j0011]  As showw in Figure 1, the first body scetion 31 mray be the part of the
tubular body 30 that is located above {e.g., proximal from) the cireumitrential groove 45, and
the second body section 32 may be the part of the tubular body 30 that s located beneath (e,
distal from) the circumferential groove 43, Both of the first and second body sections 31, 32
may have a generally cvlindrical shape. According to embodiments, the first body section 31
may have a generally conteal or expanding shape along the axis of the tubular body, with i
cross-section diameter increasing from the groove 43, and the second body section 32 may be

generally evlindrical. According to embodiments, both of the first and second body sections

Lo

-

31, 32 may have a conjeal shape along the axis of the whular body, with ther respective

cross-sectional diameters increasing from the groove 43, Additionally, the outflow end of the
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tubular body may include a frustoconical shape that slopes radiafly outward from the
preformed groove toward the outflow end when the cutflow end, but not the inflow end, has
been released from a delivery catheter.

J0012]  According to embodiments, the cross sections (along axis 333 of sections 31
andfor 32 may be or contain non-circular shapes such as elliptical or D-shaped cross sectious,
In addition, the divection of curvature in the axial profile (scen in an axial section alonyg the
tebular body 300 between the groove 45 and the fisst body section 31 andfor betwean the
groove 45 and the second body section 32 may change (from concave carvature of the groove
435 1o a convex curvatare at the transition between groove 45 and first andfor second body

section 31, 323 The axially opposite side walls 48, 49 of the groove 45 may be part of the

first and second, respectively, body sections 31, 32 and wmay axially delimit the first and
second, respectively, sections 31, 31 towards the channel 47 of the groove 45, as it is
shewn, e.g., in Figore 8. A radial diwneter of the first body section 31 {e.g., at an end portion

that is opposite o the second body section 32) of the wibular body 30 may be larger than any
diarneter of the second body section 32, This may adlow one o more efficiently ix the
prosthesis 1 in the conncetion channel 1 as the rst body section 31 having a larger dimmeter
may provide a better hold of the prosthesis | in the connection channel 10 by providing a
friction andfor {mere) form fit (z.g., caused by the first body section 31 being located in the
atrial chamber 135 and having a diameter larger than a dlameter of the connection channel 10},
{0013] Asshown in Figure 12, the tubulay body 30 may include one or more
decorrelation portings 140 configured to dissoviate axdal and radial neovenients between an
mflow end and an cutflow end of the tubular body 30, For example, the decorrelation
portions 140 may dissociate movements between first body section 31 and second body
section 32 {Figure D). The decorrelation portions may be disposed adjacent o and outside the
ciraunferential groove 45, As show i Figure 12, the circemferential groove 45 may be

disposed between the decorrelation portions 140 and the outlfow end of the tubular body 30,
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and for example, hetween the valve 40 and the inflow end. In some embodiments, the
decorrelation portions may cach inglude flexible "S"shaped portions or a flexible material,
such as polyester fabtic, In other embodiments, the decorrclation portions 140 may nclde g
combination of such components, The decorrelation portions are gencrally contigured to
streteh or compress i reaction o movement i the outflow or inflow ends, Thus, bocause the
devorrelation portions streteh andfor compress, movement from one end of the tubailar body
does not translate’communicate to the other end of the tubalar body. In this manner,
movament in the ends-of the tebular body do not covrelate with one another.

{0014] Further, the valve prosthesis 1 may comprise a first plarality of projections
50 and a second plurality of projections 83, The projections 30, 55 may extend from the fiest
and second sections 31, 32, respectively, in opposite waal divections, that i at least with an
extension component or an extension veclor in g divechion along the axis 35 {e.g., the
tongitudinal axis 35) of the tubular body 30, Accordingly, the first projections 50 and the
second projections 5% extend generally towards each other, whereby they may not extend
exactly or in line towards each other, but with an extension vector. The projections 30, 85
may exiend substantially parallel to the axis 35 of the tubular body 30 or may also extend ina
{fateral) angle v 1o the axis 35 of the wbular body 30, wherein the (Jateral) angle ¥ extends
tangential to the circumference of the tubular body 30, as it is shown, e.g., in Figure 2a,

{0015]  The valve prosthesis 1 may comprise one plurality of projections 30, 33 that
may exiend from the fivst or second sections 31, 32 in an axisl direction of the tubular body
30 and may overlap the circumferential groove 45, With reference to. e.g., Figs. Ha- ¢, the
valve prosthesis T may not comprise any projoctions 50, 33, and the circumferential groove
45 may be provided with {o.g., wnntegrally formed on} the tubular body 30,

[0016] The projections of the first plurality of projections 30 each may have g first
end 67 and a second end 69 (Figure 13a and 13b), The first end 67 may be conneectad fo the

tabular body 30 and the second end 6% may form a free end unattached to the twbudar body 3
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For example, the first plurality of projections 50 may include free ends 60 and the second
plurality of projections 335 may include froe ends 65 (Figure 13, The free ends 60, 635 of the
first and seccond ploralitics of projections 50, 53 may be arranged so as {0 overlap the uter
circumicrential groove 43, That is, the free ends of the first and second pluralities of
projections 30, 55 are arvanged at an axial level of the groove 43 so as to overlap the groove
43, The first and second plaralities of projections 38, 33 ay such may af least partialiv or
completely overlap the groove 45 along their extension.

{RHT7] The first 30 and second 33 pluralities of projsctions may exiend in a radial
distance radially outwards of the bottom 46 of the groove 48 so that a hollow
{circumlvrentialy chamber 66 s defined betwegn the groove bottom 46 and the first and
second pluralities of projections 30, 35 in the channel 47, The opposite side walls 48, 49 may
further define the hollow chamber 66 it the axial direction of the wibular boedy 30, Hence, the
hollow chamber 66 may be confined radially by the plaralities of projections 50, 35 and the
aroove bottom 46 and axially by opposite sidowalls 48, 49 (g, top- and bottom-walls) of
the groove 435,

[6018] o embodiments, the second ends 69 of projections 50, 55 may include barbs
configured to penctrate tissue (Figore 1a). In other embodiments, the second ends 69 may
include blunt ends configured not to penetrate tissue, for example substantially flat ends 166
extending in a divection substantially parabie 1o a tangent T of the tubular body 30 (Figore
13a-and 13b), or a plurality of struts 110 forming rounded {e.g., rounded corner trisngle)
comfigurations (Figure 14} In vet additional embodiments, some or all of projections 30, 33
may inchude barbs, blunt ends, andfor rounded configurations, Transcatheter valve prosthesis
I may inchude, in envhodiments, the first plurality of projections 50 and/or the second
plarality of projections 5, In these embodiments the first plurality of projections 50 or the

e

chamber 66 is defined between the groove 45 and the first plarality of projections S0 andfor
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the sscand plurality of projections 55, Alternatively or additionally, the first plurality of

projections 50 and/or the secomd pharality of projections 35 may define the circumferential

reove 45 betweon the twbular body 30 and the projectings 56 anddor 55, e.g., withoat

U4z

indenting of the tubular body. For example, as shown in Figures 16b and 19, circumftrential
groove 43 is defined between the tubular body 30 and the second phurality of projections 33,
A method of using a transcatheter valve prosthesis 1 may comprise positioning it iy the
connection channel wall strocture 23 of a heart and then serting tissue that i3 adjacent lo the
circumierential groove 43, of the connection channel wall structuve 25 inte the
circuntferential groove 48, for example to be placed radially balow the Hrst and second
plurality of projections 30, 33, The tissue can then be beld in place in the circumierential
groove 43, for example by the frst 30 andfor sceond plarality of projections 35, which, if, for
example, provided with acule or sharpened ends, may pesetrate into the Ussae which from its
posttion below may be biased back to s initigd radial position. The prosthesis 1 may be
positioned such that #s outer circwmferential groove 43 is at the level of the anmulus of the
circuntforential wall strocture 28 or adjacent thereto towards the side of the ventricular
chamber 20, By the first and secoud plurality of projections 50, 33 keeping the Hssue within
the groove 45, the transeatheter valve prosthesis 1 can be positioned and fixed relative to the
heart. Further, since the fiest and second plumbity of projoctions 30, 35 axially extend towards
cach other, the prosthesis is safely and reliably prevented fronn being axially pushed out of
the connection channel 10 by the pumping activity of the heart, The first 50 andfor the second
33 plurality of projections may keep the tissue of the connection channel wall strocture 25 in
the circurnferential groove 43 by perforating it {e.g.. transfixing it, ¢.g.. skewering i) andfor
by an interference §it, The tissue that is held i the circumferential groove 45 may also
{partialty or fully) seal the transcatheter valve prosthesis 1 against the interior of the
commection channel 10 so that blood, ¢.g., pressurized blood, can only flow through the

tubolar body 30 {and the artificial heart valve 40 therein) it can not bypass the tubular body
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30 on ity exterior side (Lo, between the exterior of the tubular body 30 and the interior of the
connection channel wall structure 235). In this respeet, the Inner andfor outey clrcumierential
surfuce of the twhular body 30 may additionally be provided with an mpermeable layer, for
example i the form of a liner 33h.

[6019] The prosthesis | may be located in the conneetion channel 10 sa that the
circumierential groove 45 is located o the ventricudar side of the anmulus of & natural valve,
o, having o distance from the natural valve aonoelus, Le, the circumferantial groove 45 may
be a sub-anmdar eircumivrential grovwe andior the prosthesis 1 may be a sob-annular-
prosthesis 1. The prosthesis 1 may be adapied to be a sub-annular prosthesis. That 1s, the
tubudar body 30 may have a transverse dimension (also referred 1o as diameter herein) at an
axial fevel {with respect (o axis 33) that §s smaller than a transverse dimension of a natural
valve annulus, andfor transverse dirension and/or axial lengths of the twibular body may be
suttable so that the first body section 31 may be located in an atrial chamber 15 and that the
second body section 32 may he located in the comnection channel 10 with the groove 45
being located on a ventricular side of the natural valve annulus baving & distance to said
annulus

[028]  Only one civeumferential groove 45 as described above may be provided on
the tubular body 30, However, an clongated prosthesis | having two or more circumferentiad
grooves 45 may be provided, whergin a respective set of first and second pluralities of
projections 30, 53 as deseribad sbove may be arvanged and assigned to the respective one of
the two or more grooves 45, The groove 45 or the respective groove may be tormed by the
first and sgeond body sections 31, 32 of the tubular body 30 as such, wherein the projections
30 andfor 85 may or may not be invelved i forming the (respective) groove 48 as such.
There may also be emvbodiments (sce further below), i which the projections 30 and/or 35 at
feast pavtially form the groove 45, for example on the side of the tubudar body 30 that is

proxtimal to the ventricular chamber 20,
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[0021] The twhular body 30 may comprise or may be a mesh-type body having
clongate mesh or grid clemonts 33 (o.5., stent struts 107 and/or projections) crossing cach
ather at crossings 34, The mesh elements 33 may be formed from wires ox, for example, a
faser-cut tube comprising steel anddor a superalioy andéor a shape memeory allov (g.2., pitinol)
andfor nickel andfor titanium andfor precious metals (e.g., sold) anddor alloys comprising the
aforementioned, The mesh eloments 33 may also comywise otheralioys o may be made from
orvganic material, .2, polymwers. The mesh elements 33 may, e.g., be made from polyvinyl-
chioride and/or polystyrane andfor polypropylene or another polymar, The tubalar body 30
may be from a shape-memory material which expands when experiencing usual body
temperature. The tubolar body 30 may be self-expandable. The tubelar body 30 may also be
not self~expandable, but expandable by a balfoon or another expansion mechanism
Correspondingly, the wbular body 30 may be compressible to be insertable via the catheter
and may then be expandable when appropriately positioned within the connection channel
wall structure 25, The tubular body 30 may comprise the above-mentioned Hner 33b {¢.f

¥
h]

Figare 6a) attached to the mesh eleroents 33 made from the same or made from different
materials, The Hner 33h may be disposed on an interior side or an exterior side of the mesh
cloments 33 and/or tubular body 30 and may vover the chreumierence of the tubular body 30
fully or ouly partially in axial direction 335 andior in circumferential direction.

{8022 The circumferential groove 45 of the tubular body 30 andior the projections
of the first andfor the second plurality of projections 34, 35 may inferact with the connection
channel wall structure 235 3o as to Bx the valve prosthesis | with respeet o the channe! wall
structure 25 and the connection channel 1, Tissue of the channel wall structure 25 may be
"caught” in the circumierential groove 45 and be held in place by the free ends 60, 65 of the
first andfor the second plurality of projections 30, 85, which may serve as hook elements. The
tissue of the channet wall stracture 23 may be perforated by the free ends 68, 63 and therehy

held more firmby 1o the cireumferential groove 45 of the tubudar body 30, wherein the tissee
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may alsa be held in the groove 45 by an interference andfor clamping it between the
projections 30 andior 535 {or part thercot) and the tissue of the connection channel wall
structure 25, I order to allow the first andfor seennd plugality of projections 304, 55 o
penetrate the tissue of the circumierential comnection channel wall structure 23, which has
been forced intn the groove, the free endy of a plurality or of each of the first 30 andior
second 38 pluralities of projections may be an acute or sharpened end. The projections of the
first anddor second plurality of projections 30, 35 each or some thercot may be pins.

23 With Further veference to Figure Th, the free ands 681 65 of the first andior
the second plurality of projections 50, 35 may be conical ends 70 so as to be able to perforate
fissue of the conpection channel wall structure 230 Accovding to embodiments, the free ends
60, 635 of the first and/or the second plurality of projections 50, 33 may also be blant. The free
ends 60, 65 andfor the first andiéor second plurality of projections 30, 55 may be pin~shaped.

[6824]  Some or all of the free onds 88}, 65 of the projections 55, 60 may comprise
barbs or hooks 71 as shown in Figure la. The hooks 71 miay serve to perforate tissue of the
connection channel wall structure 23 and prevent the tissue from slipping off the free ends 60,
635, Thereby tissue that is perforated by barbs or hooks 71 disposed on & free end 60, 65 s
unable to ship from the free end 60, 63 resulting in tissue from the heart valve connection
channel wall structure 23 being caught even more reliably in the civcumferential groove 43,
Some or alt of the free ends 64, 85 may be blunt or may have conical ends 70 or comprise
harbs or hooks 71. The first 3¢ or second 35 phurality of projections may comprise different
types of frec ends 00, 65 according to the spatomical conditions, but may also comprise the
same fype of free ends 60, 63,

[E28]  The frec ends 60, 65 andfor the first 50 and second pluralities 55 of
projections may be arranged in ditferent axial andfor radial positions and orientations with
respect 1o cach other, With reference to Figores 1 and 6a, cach projection of the first plorality

of projections M} may bave the same circamterential angalar distance o {that is an angalar



WO 2015/128747 PCT/IB2015/001005

14
distance between two radind divections extending from longitudinal axis 35 of the tubular
body 30} fromm sach other, e the projections 30 may be squally circumzrentially spaced.
However, the projections of the first plurality of projections 30 may alse bave differeat
angular distances ¢ from each other, Le. be pot spaced evenly around a circumference of the

wbular body. Although not shown in Figs. da-¢, similarly, cach projection of the second

plurality of projections 535 may have the same angular distanecs from cach other, e be spaced
oqually around a circumterence of the tubular body 30, However, the projections of the
second plurality of projections 35 may also have different circumferential angular distances o
from each other, t.e. be not spaced evenly around a circumference of the wbuldar body.

[3026]  The first plurality of projections 3 may be arranged with respect to the
second plurality of projections 535 on the tubular body 30 in a way that cach projection of the
fivet plurality of projections 30 is substantially on the same radial level (that is the same
radius, g, R2) asa projection of the second phaality of projections 35 (as itisshown e.g.,
i Flgures 1 and 3} On the other hand, some or each of the projections of the first plurality of
projections 30 may he areanged on a different radius than a projection of the second plurality
of projections 35, for example such that the first plurality of projections 50 may each be onoa
sami radius, and the sceond plurality of projections 35 may cach be on a same radius.

{6027  With, for example, reference to Figures 1 and 3, the fivst plurality of
projections 30 and the second plurality of projections 33 may extend seo as to be aligned or
coaxial to each other. The first plurality of projections 58 may also npot be aligned with the
second plurality of projections 535, For example, the first plurality of projections 30 may
themselves extend substantially parallel to cach other or may net, and the second plurality of
projections 35 may themselves extend substantially paralle to each other or may not.

{0028]  With, for example, reference to Figures 2 and 4, the first and second
phuralities of projections 50, 55 may be arvanged iy circumierential divection in an alternating

manner, wherein for example cach first projection 30 is civcamferentially between two
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second projections 33 {and the other way round). There may also be other appropriate
circumierential arrangement patterns for the first and sscond pluralitics of projections 50, 55,
wherein, for example, sets of firnst projections M), of for examplo ong, two, three, Tour, or
more first projections 30, are arranged between sets of second projections 35, of, for example,
one, two, three, four or more sceond projections S8,

[129]  The number of projections of the first plurality of projections 30 and the
number of projections of the second plurality of projections 35 may be, forevample, ina
riange of three to-five, or eight to ton, fiftesn to twanty, thirty to one hondred or more, or may
be any other number, The first plarality of projections 34 may comprise the same munber of
projections or another number of projections as the second phevality of projections 85 or vice
VEFSQ.

[0030]  The projections of the Hrst plurality of projections 30 andfor the projections
of the second plurality of projections 55 may extend from the tubulsr body 30 from positions
where mesh elements 33 of the tubolar body 30 are crossing with each other at the crossings
34 This may improve the mechanical stability of the interconnection of the tubular body 30
with the projections 33, 35, The projections 50, 55 nxay, ¢.g., be welded, soldered andfor
braided to the tubular body 35, They may be sutured, bonded or glued to the wbular body 35,
Ax an alternative or additionally, the projections 50, 55 may also be monolithically integrally
formaed with the tubular body 30, That is, with reference to, e.g., Figs. 9a and 9b, the
projectionss 30,55 {or any one or both of the pluralities of projections) may be formed by
mesh eloments 33 that are oot connected to another mesh element 33 at a crossing 34 butare
projecting from the tubular body 30 {e.g., caused by bending the mesh element 33} in a radisi
and/or axial direction with respect to longitudinal axis 33 so as to form a projection 30, 53,
Further, projections 58, 353 (e.g.. monolithically integrally formed by mesh elements 33 or
provided separately and connected with the tubalar body 30 may form the clreamiferential

groove 43 by projecting radially and axially from the twbaolar body 30 with respect to s
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fongitudinal axis 33, Accordingly, by facing away from the tubular body 30, the projections
may defing o circumferential groove 43 on the tubular body 30, The clrcumforential groove
45 may be further defined by a gonerally conical or similar shape of @ body section (e.g., first
body section 31 apnd or second body section 321 of the tubular body 34 that bhas a cross-
sectional diamuter that iy increasing from the groove 43 0 a direction of longindinat axis 33
As seen eg., in Figs. 9a and 9, the generally conical shape of g body section 31, 32 may
aceordingly interaet with the projections 30, 53 which ave projecting from the tabular body
30 s an to further define the circumiberential groove 480 Fig, Ya shows projections 30, 55 that
define a cireumierential groove 45 by projecting first in a sobstantially radial divection
refative fo the longiiudinal axis 33 and then in a substantially parallel divection (o the
tongitudinal axis 353 when seen from the point from which the projections extend frove tubular
hody 30, Fig. 9b shows projections 30, 35 that extend generally rectilinearly to define the
circuntferential groove 45, The projections 3, 55 may be made from the same materials that
., shape

R

were deseribed above with reference to the windar body 30, e.g., super altoys, ©
memory allovs (like nitinol) or steel or ttaniam {or alloys comprising titaniom) or organic
material ke polymers, or the projections may be made from different material or matertals,
{0031]  In embodiments, the first end 67 of the fivst plurality of projections 50
andfor the second plurality of projections 33 may include one or move first apertures 1038
substantially aligned with second apertures disposed between stent struts 107 of the tubular
biody 34 {Figore 3gand {3h) The first apertures 105 may include various configurations
icluding, for example, sguare, vircular, and trisngular. Additionaily, the first apertares 105
may be harger than, smaller than, or of approximately equal size o the second apertures
disposed between the stent struts 17, The second end 69 of the fivst plurality of projections
andior the second plurality of projections 3§ may also include @ mateh circumferential
curvature of stent surface that does not include an apertare: In the embodiment of Figure 13a

and 13b, the second ends 69 form substantially flat ends 166 and extend in a direction paraliel
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to a tangent of the tubular bady 30, and therefore second ends 69 are configured so as not to
cause trauma o the surrounding tissug (2.8, Tingent T, as indicated on Figs. 13a and 13b),
[0032] Asdiscussed above, in embodinmonts, the first plurality of projections 30
and/or the second plurality of projections 533 may include blunt ends configured not to
penstrate the fissue, For example, the struts 110 may cach include a Grst strut {3 and &
second strut 113 joined through connector 117, As shown in Figere 14, Tor example, the first

struis 113, the secomd struts 113, and the connector 117 together may form rounded irfangle

configurations, In alternate embodiments, the stnuts 110 may eomprise varfous configarations,

for example, rectangular, rounded, elfiptical, or & combination of these configurations, for
example, the planar projection shown 1o Flgures 13a and [3b0 In the embodiment of Figures
13a and 13b, for example, each connector 17 forms substantially flat end 166, Additionally,
the struts 110 may include asymmetrical anddor trregular configurations. For exaraple, as
shewn in Figure 19, frst strots 113 may not be synmetrical with second-strats 113 soch that

the first and second struts 13, 113 cach include random and different configurations.
Furthermore, each connector 117 may include an brregular shape. In some embodimoents,
sach first strut 113 may have a configuration similar to the other first struts 113, each second

iy
I
I

strut 117 may have a configuration similar to the other second steuts 117, and each connector
117 may have s configuration similar to the other conneetors 17, but cach first strat 113 may
have a configuration different from each second strut 115,

[6033] Ascan beseen e.g., from Figure 8, all or some projections of the first
plurality of projections 30 and/or all or some projections of the second plurality of projections
55 myay extend in {z.z., along) a substantially straight line or in a straight line, i.g., they may
not comprise any fongitudinal curvature from the point from which they extend from the
tabular body 30 {o their respective free end 60, 63; Le., they may extend rectilinearly. They
may, however, nevertheless comprise barbs or hooks 71 and or may be pin-shaped, The first

plurality of projections 50 may extend from substantially the same axsal level {refating o the
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axial direction of the tbular body 30) from the twbular body 30 {e.g., shown in Figures 1o
3} or nay extend from differeat axial levels from the tubular body 30, Correspondingly, the
seeond plurality of projections 33 may extend from substantially the same axial level
{refating to the axial dircction of the tubular body 30y from the tubular body 30 {e.g., shown
1 Figures 1 io 3) or may extend froom different axial lovels from the wbular body 38, The
axial extension of the fivst plurality of projections 30 (axial distance {along axiz 35 of whular
hody 31 between base of projection on the tubular body and free end of projoction) andfor of
the second plurddity of projections $3 may be sebstantially the same or may be different, and
the extension or fength of the fivst plurality of prejections 50 andfor of the second plarality of
projections 58 {distance bobween bases of the projections 30, 35 op the tubular body 30 and
the free ends 60, 63 of the projections 30, 55) may be the same or may be different.

[0034]  In addition to the first and second plurality of projections SO, 53, the wbular
hody 3¢ may be provided with any other type of projection andfor collar,

[0033]  The first 80 and the second 335 ploradities of projections may extend from the
first 31 and the second 32 body sections, respectively, from arcas that are adjacent 1o or are
bovdering the radially outer circumference of the circumferential groove 435, The first S0 and
the seeond 535 pluralities of projections may extend from the opposite side walls 48, 49
faterafly defining the groove 43,

{0036 Referring to Figure 2, the free ends 60 of the first 30 plurality of projections
may be axially spaced from the free ends 63 of the second 53 plurality of projections by an
axial distance W2 in g direction of the axis 33 of the tebular body 30, The freg ends 68 of the
first plurality of projections 30 may be grranged on a same axial level or on different axial
fevels, and the free ends 65 of the second plurality of projections 55 may be arvanged ong
same axial kevel or on different axial levels,

{00371 In case # transcatheter valve prosthesis | comprises a plarality of projections

50, 533, the axial distance W2 may define a distance of one or more or all of the free ends 6,
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&5 of the (one) plurality of projections 30, 35 to a sidewall 48, 49, that is opposite to the
respeetive body section 31, 32 from which the plurslity of projections extends, of the
circumfcrential groove 435,

[O038]  The projections of the first plurality of profections 30 may axially overlap
with the projections of the second plurality of projections 33 {not shown), wherein there may
be defined an axial overlapping-distance between the fres ends 60 of the first plurality of
projections 30 and the free ends 65 of the second plurality of projections 353, Some free ends
&0 of the first plurality of projections 5O may be axially spaced from corresponding free ends
65 of the second plurality of projections 335, while other free onds 0 and 65 may be arranged
so as 1o axially overlap each other,

[0039]  With reference, for example, to Figure 2a, the projections 30, 55 {each) may
extend in a manner so 48 to be radially and fmwardly inclined by an angle B, thereby obliquely
exiending into the outer circwnierential groove 45, The angle § defining the radial and
mward inclination of the projections 38, 33 with respect 1o the axis 38 of the twbular body 30
maty be an soute angle, for exanple in a range of equal to ov smaller than 45 or equal o or
smatler than 30% or equal to or smaller than 15% Only g part or number of the first projections
50 and/or ondy a part or number of the second projections 35 may radially and inwardly
inclined as above desgribed.

{0046 Figure 6a, which correspends to the cross section along A-A shown i
Figure 3, ilustrates the inferaction of heart valve tissue of the conpection channel wall
struecture 23 and the Givst plurality of projections 50 (3 cross-section fransverse the axis 35 and
through the second plurality of projections 33 would result ina sinifar depiction o that
shown in Figure 68), The fivst plurality of projections 50 can be seen perforating tssue of the
connection channe! wall structure 25 to thereby more reliably prevent it from retracting from
the tubular body 30 of the prosthesis 1, which results in the prosthesis | being beld more

firmly in s intended place.
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[0041)  With further reference to Figure 3 and Figure 6b, the transcatheter
atrioventricular valve prosthesis 1 may further comprise an elongats outer member 75, The

clongate onter mentber 75 may be disposed at the exterior of the connection channel wall

structare 23 (2.5 in the ventricular chamber 203 af an axial level {e.g., with regpect {o axis

beg

35) of the ciroumfereniial groove 45 of the tubular body 36, The slongate mter momber 73
may extend at feast partially around, for example completely and continvously
circamiferentialiy around, the tubular body 3 and may be handled e.g., using a catheter
mamber 98-that is shown schematically in Figure 6b, A radial distance RS betwesn the
tongitadinal axis 35 and the clongate outer member 75 may be reducible or reduced so that
the valve tissue of the connection chanpel wall stracture 23 can be correspondingly at least
partially foreed into the ouler circumferential groove 45 so as o e at keast partially located
radially below the first and second pluralities of projections 30, 33, The radial distance R3
may he reducible or reduced so that it s smaller than o radial distance R4 that is defined
hetween the longitudinal axis 35 of the twbular body 30 and the free ends 60, 65 of the
projections 30, 53 (the free ends 60, 65 are not visible in the cross section shown in Figure 8b,
but they are indicated by crosses in Fig. 6b). Thus, the dlongate outer member 75 may be
positioned inside the clrcumivrence defined by the first and second pluralities of projections
50, 55 so that tisspe of the connection channel wall structure 25 {s or can be located in the
circumferential groove 45 between the groove bottom 46 and the first and second projections
3, 55, wherein the elongate outer member 75 tself may be located inside the groove 45
between the groove bottom 46 and the first and second pluralities of projections 50, 35,
However, the clongste outer member 75 may also be arvanged to foree tissue of the
connection channel wall structure 23 into the circamdferential groove 45 but to remain cutside
the groove (1.e. RS may be farger than R4 as shown i Figure 6b). The catheter member 990, or

another, for example simifarly structured catheter device, may be used to handle and position
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the elongate suter member 73 around an oxterior of the circurnferential connection channel
wall structure 25,

[0042]  With further referense to Figures 6 and 7, the catheter momber 90 may
conmprise a connector 91, for example a cutting and clamping member, that can be used to
conneet fres ends of the clongate member 73, for example to cut the elongate outer mombey
75 and clamp two ends of it together, so that the elongate member 75 may romain
permanently around the tubular body 30 and thereby form a component of the prosthesws 1.
However, the elongate cuter member 75 may alzo merely be an interventionad tool, fr
example as a component of catheter member, and may only be used o radially force the
fissue of (he conpection channel wall structure 25 into the outer groove 43, and may then be
withdraven or removed from the heart, When the olopgate wmember 75 remaing permanontly
positioned around an cuter side of the connection channel wall structure 2§, it may
permanently apply a radisl and inwardly, axially, or outwardly directed force o the tissue of
the connection channel wall strocture 23 owards the groove 45,

[0043]  With reference to Figures 1, 3, 6b and 7, there may be several ways in which
heart tissue of the connection channel wall structure 25 is fixed, held andfor caught in the
civeunferential groove 45, The tissuc may be perforated by the free ends 60, 65 of the first
andfor the second plurality of projections 30, 35, e.g., via the acute ends 70 and/or the barbs
or heoks 71, The tissue may be held in the circuntferential groove 45 by an interference fit
between the projections 30, 33, The tssue may also be held in the circumferential groove 435
by the elongate cuter member 73, The clongate outer member 73 may be used to force the
tissue into the groove 43 cither temporarily (2.4, 25 a method step during @ heart treatment)
or permanently {for example, # the cutting and clamping member 91 s used fo cut elongaie
cuter member 75 and 1o connect its two ends together permanently while it is extending

avound the exterior of the comection channel wall structure 25 as shown in Figure 7)., The
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tissue of the connection channe! wall structure 23 may also be held in the circumitrential
groove 43 by g combination of two or more of the above described approaches,
[0044] I embodiments, the clongate cuter member 75 may have a cross-sectional

diameter DI (see e, Figure 6b) that is smaller than a width Wi of the outer circumierential

groove 435 (Husteated wg., InFig, 23 The elongats member 75 may have a cross-sectional

o

~

diameter DI that is smaller than the gap W2 between the free ends 60, 65 of the first and the
second phurality of projoctions 83, 535, The elongate member 75 may have a cross-sectional
diameter DI that vs larger than width W2 but smaller thay width Wi, The clongate member 75
may have a cross-sectional diameter D that 1s larger than width W2 andfor widih WL The
elongate member 75 may be a wire or a band, and may bave a ciroudar cross section or a

rectangular oross section. The clongate member 73 may also have a triangulbar oross section
or g oross section defining any other curved or polygonal shape. The elongate member 75
iy he made from any matevial that has been described with reforence (o the mesh elements
33 or a combination of those materials or other material{s), For example, the clongate
member may be made from steel, a tianium alloy or a shape memory alloy such ag nitinel

[0045] A length of the projections 50 andor 35 may be related 1o the width Wl of
the circumferential groove 43, In this respect, the ratio of & distance between the free ends 60,
£35 of the first and second pluralities of projoctions 30, 55 {or, if only one plurality of
prajections 34, 33 is provided, a distance of the {ree ends 6, 65 of that plurality of
projections 30, 53 to the sidewall 48, 49 of the circumferential gtoove 45 that is with respect
to axis 35 oppostte to the projections 30, 35) to the width W of the circumfcrential groove 45
may have s maximum value of .3 or 0.4 or .3 or 0.2 or (.1, Accordingty the hollow
chamber 66 may be defined between the projections 30, 55 and the groove bottom 46, The
widih W1 of the circurnierential groove 43 may be defined between the sidewalls 48, 49 of
the groove 45 and or between a point from which a projection S0, 35 of the first andior

second pharality of projections 30, 35 extends from the tubular body 30 and o sidewall 48, 49
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that is located on an opposite side of the groove (45} and/wr between a point fromn which a
projection from the fivst phurality of projections 50 extends and a point from which a
projection form the second plurality of projections 33 extends.
j0046]  With reference to Figures 4 and 3 (for improved clarity and understanding,

the franscatheter valve prosthests | s shown without artificial vatve 303, the transcatheter
valve prosthesis 1 may also comprize a glamping member 80, The clamping member 30 may
comprise 3 tabolar structurs having 2 longitedingl axis that may be areanged so as o extend
in the circumlersntial groove 45 in a crcamierential divection of the tubular body 30. The
clamping member 80 may be focated in the circumferential groove 43 so as to be located (for
example at least partly) radially inwards of the first and second plaralities 30, 85 of
projections. The clamping member 80 may be in contact with the groove bottom 46 of the
circurnferential groove 43, The clamping member 80 may extend around a whole
circuntference of the tuhular body 30 or only partially aroond the tubudar body 30, a8 shown,

. i Figures 4 and 5. The clamping momber 80 may extend, e, aroand an angle of 1o
30 degrees or any other angle in the circwnterential groove 43, The clamping member 80
may exiend around the whole circumference of groove 43, e.g., around 360 degrees. The

clamping member 80 may have a cross-sectional diameter D2 ransverse to its longitudinal

axis, The cross-sectional diameter D2 may be selectively changeable to a larger or smaller
diameter D2, 1.e., the clamping member 80 may be compressible (50 as to be insertable via a
catheter) anddor expandable {for example, re~cxpandable after being compressed) in a radial
direction of 1ts diameter 12, whereby the nner and outer cireumierences of the clamping
member are correspondingly decreasediexpanded and expanded/decreased, respectively, in a
radial divection of the tubular body 30 tonwards the first andfor the second plurality of

ey

projections 30, 55, The cross sectional diameter D2 of the clamping member 80 may be
soatler than the cross sectional diameter {radius Rss shown, e.g., in Figure 6a) of the tubular

body 3L In embodiments, the diameter D2 of the clamping member 80 may be smaller than
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the width W of the outer circumivrential grovve 45 and smaller than the width W2 of the gap
formed between the free euds 60, 63 of the first and the second plurality of projections 30, 33,
The clamiping menyber 80 mxay be provided in order to clamp heart tissue that is located inside
the cireumiberential groove 43 outwards tn a dircetion from the axis 35 towards the pluralitics
of projections 50, 35,

{0471 The clamping wember 80 may tnclude a delivery configuration within a
delivery catheter and a deplovment configuration whereint the clavaping member 30 is
deployved from the debivery eatheter, In embodirsents, the clamping member 30 may be
biased to the deployment configuration. For example, the clamping member 80 may include a
shape-memory alloy such as a nitinol or a nitnol-based alloy that has a delivery configuration
that 1s shaped 1o he convenient for delivery through a catheter, and a deployment
configuration in which the shape-memory alloy chasges shape to a deploved configuration so
as to be biased to a shape conforming to the wbular hody.,

[0048]  With reference to Figare 64, the clamping mentber 80 may be or form part
of the above-deseribed elongate outer mersber 73, wherein the clamping member 80 may be
arranged and or goided andfor positioned (In a radially compressed condition) at the
circumferential outer side of the connection channel wall structure 25 1o completely or partly
extend around the connection channel wall stroctore 25 at an axial (with respect 1o the axis 35
of the tubular body 30) level, and may then be radially expanded (in a divection of the
diameter 132 of the clamping member 80), wherelyy s tnner diameter in a radial divection of
the tubular member 30 then correspondingly degreases to thereby tores the tissue of the
mwardly arvanged connection channel wall structure 23 (which is then arranged inwards of
the clamping member 30} radially into the groove 45, That is, the clamping member may be
focated between the projections 30, 35 and tissue of the connection channel wall structure 25,
that may be pressed o the groove 43 by an elastic force exerted by the clamping wember

80 on the tissue of the conpection channel wall stracture 25 and a corresponding reactive
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foree that may be exerted by the clamping member 80 on the projections 80, 55, The forees

v

N

that may act upon the tissue of the connection channel wall structire 25 exsrted by the
clamping member 80 and the groove 43 (e.g., the groove bottom 46) are schematically

&£

indicated by arrows 83h. The elongate outer member 75 andior the clamping member 80
Owhich may be the same member) may serve to anchor the prosthesiz 1 and 1o seal the native
heart leaflots against the prosthesiz 1 against blood flow. Farther, immohilization of the

native leallets by the prosthesis | as deseribed berein (e g, comprising a clamping member

80 anddor clongate member 75 may favor the ingrowth of heart (o.g., Ieaflat) tissue into the

prosthesis (e.g., cireumiberential groove 45} and thereby further improve fixation of the
prosthesis 1 relative to the heart and/or sealing against blood How as the ingrown Ussee may

additionally or alternatively seal against blood flow on an outside of the tubular body 30

[3049] In some embodiments, the clamping member 80 may include one or more
barbs 230 configured 1o secure the prosthesis 1 to portions of the native valve leallets andior
chords when the barbs 230 are deployed, for example, by piercing the portions of native
vabve leaflets mndior barbs, For example, as shown in Figure 20, the clamping mentber 80
may include an inner menmber 210 slideably disposed within & hollow outer tebe 2000 Tt is
further contemplated that the ouwter tube 200 may be stideably disposed with regard 1o the
inner member 210, One or more flexible regions 240 may be disposed on the outer tube 200
to facilitate bending of the clamping member 83, The Hexible regions 240 may include
cutouts, for example as shown in Figure 20, or may include material sufficient to facilitate
such bending of the clamping member 30, The cutouts may be of various shape and sizes,
Addiionally, the flexible regions 240 may be disposed consistently or imtermittently on outer
fuhe 2600

[0056] (e or more openings 220 may be disposed through an outer surface of the
onter tube 200, such that the openings 220 are coupled with one ove barbs 230 on the inner

member 210, For example, the barbs 230 may each be configured to assame a first dehivery
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configuration wherein the barbs 230 are disposed substantially paraliel to the nner member
210 and are disposed within the outer tube 200, For example, the barbs 230 may lay
substantiatly flat along the nney member 210, Movement of the inner member 210 relative
to the owter tebe 200 may substantially align the barbs 230 with the openings 220 such that
the barbs 230 move from the fivst dedivery configuration o 3 second deplovment
comrfiguration. For example, as showw in Flgure 22, the barbs 230 may extend away from the
clamping member 80, and may be configured fo attach to the native leaflets andfor chords.
Therefore, the barbs 230 may be deployed through the openings 220 whan in the deployment
configuration,

LHINEY Varfous means may be used to deploy the barbs 230 from their delivery
configuration to their deployment configaration. For example, the barbs 230 may be
comprised of a superelastic material such that they mmediately sssume the deployment
configuration once aligned with openings 220, Iy other embodiments, the barbs 230 may he
moved ino the deployment configuration through a hydvaulic force (for example, by the
inflation of a baltoon), pushing of the barbs 230, rotating of the barbs 230, a spring
mechanisim, andfor thermal electric current,

[052]  The barbs 230 may be deploved, and assume the deployment configuration,
hefore the tubular body 30 is fully deployed. For example, the barbs 230 may be deployed
when the tubular body 30 is partially deploved. Alternatively, the barbs 230 may be
deploved after the tubular body 30 is fully deployed.

[B0S3]  The delivery configuration of the barbs 230 may be substantally
perpendicular 1o the deplovment configuration of the barbs 2300 Additionally, the barhs 23
may be arcuate when in the deplovment configuration, for exampie as shown in Figures 21
and 23, Bt is further contemplated that the barbs 230 may constitute a helical structure
configured 1o be driven into the connection channel wall structure 25 when the barb s rotated

about its longiudinal axis (Figure 27). The bebical structure may pierce adjacent native
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feuflets andior chords (e.g. a first portion and a second portion} to seoure the adjscent native
ieaflets andfor chords together, as shown in Figure 27, The helical structure may include g
helical needle, o some embodiments, a suture may be advanced from the helical needle to
secyre the adjacent native keaflets anddor chords together.

[6054]  In some smbodiments, the clamping member 80 may includs & fivst set of
barbs 233 configured to be ortented toward an inflow side of the clrocumiferential groove 43
when the elamping member 8G at feast partially enciveles the circumierential groove 45, as
shown 1o Figure 26, Addittonally or alternatively, the clamping member 80 may inclode a
secongd set of barbs 238 configured o be orienied toward an sutflow side of the
circumierential groove 45 when the clamping wember 8O at least partially eociveles the
circuntferential groove 435,

[0033]  The inner member 210 may include one or wore slits 230 on an outer
surface of the inper member 210, Bach barb 230 may be disposed within a slit 250 when the
barb 234} is in the delivery configuration. Therefore, the inner member 210 may be
configured to shide within the outer tube 200 without interference from the harbs 230,
Additionally or alternatively, the inner member 210 andfor the onter tube 200 may be coated
with a lubricious coating o factlitate the sliding of the inner mermber 210 relative to the outer
tube 200,

[I56] A pusher tube 208 may be configured to push andfor pud the foner member
210 a longitadinal divection of or rotationally relative to the cuter tube 200 to deploy the
barbs 230, It is alse contemplated that the pusher tube 260 may be configured to push andfor
pull the outer tube 200 in a longitudinal divection of or retationally to the inner member 210
o deploy the barbs 230, As shown in Figures 25a-25¢, for example, the pusher tobe 230 may
b releasably attached to the inner member 210 through connection 270, In some
embodiments, the connection 270 may include a first comnection tink 280 on the pusher tube

260 that is releasably coupled to a second connection Hnk 290 on the pusher tubs 260,
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Therefore, the pusher tube 260 may selectively push anddor pull the clamping member 80
when the first connection link 280 is attached to the second connection link 290 (o align the
Barbs 230 with opeaings 2080 to deploy the barbs 230, Additinnally, the pusher tabe 260 may
be selectively released from the inner member 210, In some embodiments, the pusher tube
260 may be advanced over the slongate outer member 73 to doploy the barhs 230, For
example. the pusher tube 260 may be connscted to inner member 21 through connection 270
and advanced over the elongate outor mernber 75 with the clamping member §6.

{RIST] The barbs 230 may be confligured to attach o the projections 30 andfor 35 w0
seeure the prosthesis 1o the portions of native valve leaflets andior ¢hords., For example, as
shown 1o Figures 20 and 27, the first set of barbs 233 may be disposed through projections 83

and the second set of barbs 235 may be disposed through projections 36, As shown i

Figures 26 and 27, the shape of the barbs 230 secures the barhs 230 w0 the projections 50, 53,
Tt is further contemplated that other well-known attachment megns may be used 1o secore the

barbs 230 to the projections 50, 50, for examiple, including bat not mited to, sutures,
adhesive, clamps, ete.

[0038]  The circomferentiad tpening of the groove 45 may be defined by an indent
in a side surface of the wbular body 30, and the groove 435 may be larger than a maxinum
outer diameter of the clamping member 0, as shown in Figures 26 and 27, Therefore, the
attachment of the barbs 234 {o the potions of native valve leaflets andfor chords may secure
the prosthesis | 1o the portions of native valve leatlets and/or chords, Withdrawal of the
barbs 230 away from and out of the portions of native leaflets andior chords may thus cause
the prosthesis 1 1o no longer be scoured to the portions of native valve leaflets andfor chords.

{59 In emwbodiments, when partially deployed, such that the outflow end but not
the inflow end is deploved from a delivery catheter, the tubular body 30 may form a
frustoconical shape that slopes radially outward from the circomderential groove 45 and

toward the onttlow end. For example, the tubular body 30 may stope radially outward
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approximately 27 - 453° with regard to a longitudina center axis of the tubular body 30 when
partially deploved. In embodiments, the tabular body 30 may slope approximately 53° - 307, or
approximately 107 - 207, or approximately 15 with regard o the longitudinal conter axis of
the tubular body.

[0066] In the partially deploved state, the clongate outer member 75 mavbe shid
along the ubular body 3ty goide tissue of wall structure 23 {s.g., native valve leaflets
and/or chords) into the eircamiferential groove 43, For example, the elongate outey member
75 may slide in a direction moving radially imward along the slope of the tubular body 30
from an outflow end of the tubular bady toward an inflow end of the tubular body 30 and into
circumberential groove 45, When shiding along the frustoconical shape of the partially
deployed tubuolar body 30, the elongate outer member 75 may be disposed outside the wall

structure 25 and thevefore slide along the tubular body 30 and along the wall stractare 23,

S
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Therefore, elongate cuter mermber 75 may move the nattve valve feallets andfor chords of the
wall structure 25 into the circamiforential groove 45 such thay the native valve leaflots andfor
chords are disposed between the tubular body 30 and clongate outer member 78 (Figure 10c).
This may trap the native valve leaflets andor chords within the circumferential groove 45,
[H61]  Figure 60 shows a schematic cross sectional view of the wibular body 30 and
the clamping member 80 similar 1o the cross seetion C-C in Figure 4, however additionally
showing heart tissue of the connection channel wall structure 23 that is not shown in Figure 4,
ln Figure 6o, the positions of the first or second pluralities of projections 50, 33 are indicated
by dots 3, 35, As can be seen from Flaure 60, the heart tissue of the connection channel wall
structure 25 is located inside the circumforential groove 4% radially between the groove
bottom 46 of the tubular body 30 and a diameter that is defined by the free ends 60}, 65 of the
first andfor the second plurality of projections 30, 85, [t can be seen from Figure 6¢ that the
claraping member 80 i3 elastically strained by the tssae of the comnection channel wall

structure 25 and 1o turn exerts 8 force that presses the tissue of the connection channel wall
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structure 25 against the free ends 60, 65, Arrows 85 indicate the forces that are caused by the
clamypsing member §0 and that act upon the tissug of the comnection channel wall structure 25
in the groove 43,

[0062]  With reforence, .g.. 10 Figures 60 and 6d, which show only one clamping
member &0, there may also, e.g., be two or more clamping members 80 arranged in the
groove 45 which are arrangsd iy paralie! o esach other andfov which are arvanged sequentially
i a circunferential divection, with for example a cireomferential distance therebetween or
abutting sach other, of the tubudar body 30, For example, there may be two clamping
members B0 abutting each other and a third clamping member 80 that has an angular distance
from the two clamping members 80 that ave abutting each other may also be arranged in the
groove 43, Clamping members 80 may, e.g., be positioned on diametricalty opposite sides of
the groove 43, These two or more {e.g.. 3 10 5} clamping members 80 may all have the same
cross-sectional diameter D2 or may each have different eross-sectional diameters, The
clamping members 80 may all have the same longitedinal fength or may bave different
tongitudinal lengths (e.g., in g civeanderential direction of twbular body ). Clamping
menmbers 80 may be designed and arranged so that the tubular body 30 i frmly held in place
according to the speeific tissue structure and conditions of the coanection chamel wall
structure 25 of a specific hemrt {e.g., of a patient). They may, ¢.g., be specifically chosen and
arranged by an operator ow surgeon to firmly hold the tubular body 30 in place according to
focal conditions. The respective clamping member 8O may have a shape other than a twbular
shape, such as a block~shape. a cubic-shape or a hall-shape.

[0063] The force acting on the tissue of the conngction channel wall structure 23
may be nereased when the clamping member 80 is used together with the clongate outer
member 75, thereby furthor improving the connection between the transcatheter valve

prosthesis 1 and the conpection channel wall struetuve 35, In this case, an elastic foree

origiating from the clamping member 80 pointing from the axis 35 outwards, and a force
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originating from the elongate outer member 78 pointing fnwards to the axis 38, act upon
tissue of the connection channel wall structyre 25, thereby holding the prosthesis 1 firmly in
iy intended position in the connection channel 10, However, the valve prosthesis 1 may be
used without the clamping menrber 80 and the clongats puter member 73 as well {ie., by
ityell), or together with only one {any one) of them, A prosthesiy 1 not comprising a plurality
of projections 30, 35 may b fixed by clamping mamber 80 andfor slongate outer membey
75, ¢.g., when the slongate outer merober 73 andéor the clamping member 80 aredis generally
rigid, e.g., when comprising or being an inllatable balloon that 1s fiHled with & substanee
giving it rigidity caused by a pressure or by a cwring of that substance, I present, that
substance can cure within a hmited amount of thoe, with the injection of an additronal agent
{e.g., o reticulating agentl, with application of heat or energy. It can be, for example, PMMA
{Poly Methyl Methacrylate), different epoxies, polyurethane, or & blend of polyurethane
sificone. It can be strengthened, for example with the addition of reinforcement fibers {g.2.,
polyvaramid such as Keviar®, carbon),

[0064]  Clamping member 80 may be made from a mesh-type structure as shown in
Filgures 4 and 5 and may comprise an inner humen. The mesh may be made from metal or
organic material or other material. The mesh of clamping member SO may be
made, e.g., from fron, nickel, aluminan and/or Hanium andior alloys of these metals and
other slements. The mesh may be made, e.g., from steel (e.g., spring steel), andéiora
superatioy andfor shape memory alloy {such as, e.g., nitinod, TeA 1V, and/or a precicus
mretal like pold, or any combination of those andfor other materials. The mesh of clamping
member &0 may also be made from polymers, e.g., from polypropylens or polyvinyvichloride,
polvethylene or nylon, OFf course, the mesh may also be made from combinations of these
materials, L.e., it may be made from two or more different materials, In embodiments, the
clamping member can be an expandable stent~graft made with a steel or nitinel stent covered

with a polyester or PTE {polyethylene terephthadate) graft material, such as Dacron®, or an
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SPTFE {expanded Poly Tetra Fluoro Ethylene) grafl material. The mesh of clamping member
80 may alse or additionally comprise any material that has begn deseribed with reference to
the mesh elements 33 of the tabular body 30 andior with refere ¢ the elongate member 73,
and the clamping member 80 may be designed and a material for i may be chosen so as ©
create a high elastic foree o presy the tissue of the conmection chanmad wall structurs 25
against the progections 36, 33, Clamping member 80 may be provided with hooks or barbs to
¢reate an attachment io tubular hody ML
[63]  Clamping member 80 andfor elongate ouler mamber 75 may comprise an

inflatable mer member (oot shown}, The inflatable inner member may be disposed 1o an
muer lamen of the clamping member 80 and may be inflated so as to increase dismeter D2 of

clamping wember 8{, therchy pressing tissue of the connection chanmel wall stroctore 28

against the projections 30, 33 (either from an Inner side i the clamping wember 80 18
arranged in the hollow chamber 56 or from an outer side it the clamping member 80 s
arranged at an outer side of the connection channel wall structure 25). The ner momber may
be inflated by the operator using a tubing and floid (gas or liquid) from an external pressure
SOUILE, 2.2, @ syringe, a fluid bottle or @ pump located vutside the body. The clamping
member 80 may be an inflatable member 0 that prosses tissue of the connvetion channel
wall structure 25 against the projections 33, 33 when inflated. Both the inflatable inner
member and the inflatable member 30 may be made from g fluid tight, pressure resistant
material, £.2., a material or polymer as described above with reference to the clamping
membaer 80, or any other suitable material. With reference toy, o, Fig. 11, the inflatable
member may comprise an aperture 76 {e.g., & valve, e.g.. an opening) through which a
substance {e.g., via a delivery tube (not shown)i may be delivered into the inflatable member
andior out of the mflatable member, The aperture 76 may selsctively permit the ransmission

of g substance (L.e, have an "open-state™ or may block the transmission of a sabstance (1.

have a "closed-state™). The apertore 76 may sevve to fill the iflatable member or to un-{ill
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{e.1., to ompty) the inflatable member in order to change a cross-sectional diameter of the
mflatable member, The clamping member 80 andfor the elongate outer member 735 may be
made of an olastic material {o.g., a polymer and/or a metal) anddor may be filled with a
compressible (e,g., clastic) substance {o.z., a gas andiov a foam material andfor a hydrogeh o
provide & damping/coshioning funciionality, A substance for {itling the inflatable momber
may be a gas, 2 lguid or any other substance andfor may be a substance that changes its
phase {e.g., gas, ligud, solid) when in the inflatable member (the sebstance may, e.g., change
frory Hguid phase to a genarally solid phase). The substance may be a substance that s
capable of curing andfor bardening when disposad in the inflatable member so as to provide a
generatly rigid clamping member 80 andfor elongate ovter member 75,

[0066]  Clamping momber 30 may apply a foree to the opposite side walls 48, 49 of
groove 45, for instance upon radial expansion relative o its longitudinal axis. This force moay
increase or decrease the distance between body sections 31 and 32 and/or the distance
between axig] ends (with respect 1o axis 33) of the tubular body 30, Tobular body 30 may be
made fo be elastic {e.g., comprising a mesh structure andfor an elastic material). The foree
exerted by clamping member 88 may result in an expansion or reduction of a pertmeter of the
groove bottom 46 along a circumference of groove 45 andfor in an expansion or reduction of
diameter R of the twbular body 30 at an axial height {with respect o axis 35) of groove 43
respectively. The clamping member 80 andfor the elongate outer member 73 (which may be
the same member or may be separate members) may also not produce a force i a radial
divection and/or a longitudinal divection of the tubular body 30 with respect to its longitudinal
axiz 35, Avcordingly, the clamping member &0 andior the clongate outer member 73 may act
as a displacement member by displacing tissue of the connection channel 10 without exerting
& clamping force to the tubular body 30 but by providing a mere interference 1t between the

cirannferential wall structore 23 of the conneetion channet 10, the clamping member 80
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and/ar the tbular body 30 in addition or as an alternative o, ¢.g., tissue being picrced by
projections of the first 50 and/or second pluradity of projections 535,

[0007] The clamping member 80 andfor clongate outer member 73 may be located
only partiatly radially inwards of the first 30 and/or second 33 plurality of projections and
may be Incated so as to be plerced by any ong or both pluralitics of projections 30 st as to be
held relative to the ubular body 30, The elongate outer member 73 andfor dlamping member
80 may be pierced by only one plurality of projections 36, 35 and the other phirality of
projections may not pigree the clamping member S/elongate outer member 75 {or, the other
plurality of projections mway not be provided in case of a prosthesis | only comprising one
plurality of projections (on one side of the groove 453}, The plurslity of projections 30 andfor
55 may pierce the clamping member 80 so that the respective free ends 60, 65 of the
projectioms 50, 33 end inside the clamping member 80 or so that the free ends 60, 65 of the
respective projections 530, 33 penetrate through the clamping member R0 and exit from the
clamiping member so that the respective free ends 60, 63 may be located outside the clamping
mernber 80,

[0068]  With reference to Figure 10b, the elongate outer member 75 and/or the
clamping member 80 may be provided in the groove 45 radially inwards of the projections 50,
33 so that the clongate outer member 75 andfor the clamping member 80 18 not picrced by the
projections 30, 33, in embodiments, the clamping member 80 may trap at feast portions of
native valve featlets and/or chords within the circumierential groove 45 defined by the
tubuiar body 380 and the first plurality of projections S0 andfor the second plurality of
projections 33, For example, the native valve keaflots and/or chovds may be disposed batween
the clamping member 30 and the second plurality of projections §§ within circumivrential
groove 43, The elongate outer member 75¢clamping member 80 may be held by a mere
aiterference it or a frictional/imterforence fit between the groove 45, the tissue of the

connection chamned wall structure 23 and or projections 50, 53 the groove 435 (e.g, when
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inflated, oz, when expanded). Further, as schématically shown in Fig. 10b, the elongate
outer member 7S8/clamping member 80 may have a cross sections! shape that is substantinlly
cllipticat or has any other shape, sueh as a triangular, rectanguiar or polygonal shape. The

oy
i
H

substantiaily elliptical shape of the elongate cuter momber 73/ clamping member 80 that is
shown in Fig. 10b may be caused by the design of the elongate outer member 73 clamping
member 8O, s, when it s provided with 3 tubular stvuctore having a substantially elliptical
shape {e.g., when expanded), or it may be causad by anisotropic forces acting upon elongate
outer mernber 75/ clamping member 80 caused, e g, by the projections 30, 35, the tasue of
the cireurnferential wall structure 25 andiéor groove 43, That s, the slongate outer member
TSiclamping rwembaer 80 may have a substantially roand cross section when no external
forces act ypon 1t and may assume a different shape {e.g., elliptical), when implanted
{and, e.g., expanded),

[0069]  With reference o, e.g., Fig. ¢, an expandable and or redocible elongate

5
)«’

outer member 73 (g, clamping member 803 may have a dismeter D2 that may be larger
than width Wi of circwnferential groove 43 when expanded so that the elongate outer
member 75 may extend out of the groove 45 and may occupy a space between the
circunferential wall stracture 25 and tissue forming a heart chamber (e, the ventricular
chamber 20 andfor atvial chamber 15), Le,, the clongate outer member 75 may firm a shape
arranged between {o.g., abulting} the connection channel wall structure 25 and tissue/muscles
of & heart chamber wall (2.5, of veniricultar chamber 28) when expanded {o.g., fully

3

expanded). Accordingly, the elongate outer member 73 may be located (2., partially, 2.g., 3
part thereof) radially outside {with respeet (o axis 33) the circumfercatial groove 43 and may
extendd parallel 1o axis 35 along one or both bedy sections 31, 32 (o.g., along second body
section 323 of tubular body 30 while being {e.g., partiaily, e.g., a part of elongate muer

memtber 73) located radially outside groove 43, Accordingly, the elongate member 75 may

comprise an angelarly shaped (e g, substantially desceribing an angle of about $0°) cross
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section with a first angular leg 75a that may extend with respect to axis 35 generally radially
e the groove 45, and a sccond sugubar leg 750 mat may exiend generally paralled to axis 33
of the tubular body 30 on an patside of the tubular body 30 (e.g., along first body section 31
and/or sceond body section 32). That is, the clongate muter member 75 {e.¢., second angular
feg 750 thereol) may be disposed between the first 31 and/or second 32 body section amd
fissue/muscie forming a wall of & heart chamber such as the ventricular chamber 20 anddor
atrial chamber 150 While in Fig. 10a-c the elongate outer member 78/ clamping member 80 s
only shown on one side of the prosthesis 1, it may aleo extend fully or partially (as
shown, £.g., in Fig, 1la-d) around the prosthesis 1 (e.g., the circumierential groove 45), The

-
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glongate outer member 78 clamping member 80 may comprise free ends 77, 78 (e, two free

3
¢

ends 77, 78} in & divoction of a contral-longitudinal axis that may be non-connected andior not
abutiing each other, f.e., spaced away from cach other. The free ends 77, 78 may have sn
angular distance from cach other {e.g., in the groove 45, e, when inflated in the groove 43)
defined by an angle of e.g., loss than 1R0°, less than 80%, less than 45° or less than 10 with
respect fo axis 38, The aperture 76 may be provided on one of these free ends 77, 78 or an
aperture 76 may be provided on cach of the free ends 77, 78, When the clongate outer
member T5/clamping member 80 only extends partially around circomferential groove 45 and
accordingly comprises free ends, it may have a nigidity caused by a substance. ¢.2., by a
curing substance (that may be cured).

[0076] A shown in Figures 15a, 13b, and 15c¢, the clamping member 80 may be
guided over the elongate cuter member 75 and into the eircuniorential grovve by an inserion
member 130, For example, insertion member 130 may be conngcted to clamping member 80
with a releasable coupling member 1330 The insertion member 130 may be configured to
push the clamping member 80 into circumferential groove 45 and over elongate outer

memtber 735, In embodiments, the ingertion member 130 may be configored 1o pull the

clamping wember 80 The coupling member 133 may include an interference it between the
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clunping member 80 and the insertion member 130, or for example, the coupling member
133 may include a luer Tock, or any suitable releasable latch, The coupling msmber 133 may
be configured to selectively release the clamping member 80 from the insertion member 130
and‘or may be configured o selectively re-attach the clamping momber 80 1y the insertion
member 130,

-y
§
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[B71] The clamping member 8 elongate outer member 73 {e.g., when i
conmrises an clastic andfor compressible material, e.g.. a8 desertbed above) may serve to

dampen movament of the beart {o.g., causad by the beating hearl, ¢.g., pulse) by acting as a

dampening andfor cushioning member between the heart (o.g., a heart chamber) and the

prosthesis 1 (e.g., tubular body 30) to further improve the fixation ot the prosthesis | relative
in the heart by reducing forces caused by the beating heart acting on the prosthesis 1 hy

dampening these forces, Accordingly, the clamping member Slfelongate owter member 75
iy absorh movements {e.g., of the vendricadar wall {e.g., of the papitlary-muscle of the
ventricular chamber 20) to reduce or avoid pulsation of the prosthesis 1. The clamping
member 80 may serve to maintain a distance of the prosthesis 1 from tssue of the heart (e.g.,
fromm a wall of the ventricular chamber 20 and/or the atrial chamberl5) and thereby improve
placement andéor fixation of the prosthesis |, Accordingly, the elongate outer nrember 75
andfor the clamping member 80 may serve as a damping member andf/or a spacer member,
The clamping member 30 andfor the elongate outer member 73 and henee, the groove 45,
may be arranged on a side of the ventricular chamber when seen from the annulus of the
natural valve having a distance from the annulaos,

[8072] The shape of a oross section of twbular body 30 across its longitudinal axis
{e.g., axis 35) may vary. Catheter member 90 may comprise or provide a plercing component
that can be positioned through the connection channel wall structure 25 {e.p., from an outside
of connection chamnel wall stroctore 253 and through the tubolar body 30 in substantially

diametrically opposite positions relatively to an axial (with respect to axis 38) cross section,
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The piercing componant may be hollow and enable placement of an anchor on conngction
channel wall structure 23 ot the distal posttion of a digmater of the connection chamnnel wall
structure 25 refatively o catheter member 90, Sald anchor may be attached to a longitudinal
end of a longitudinal component (2.g.. a tethery, which in turn may be provided with a sceond
anchor on its other longitudingl end. The second anchor may be placed by the plercing
coxmponent upon relrieval of the piorcing component from the connection channel wall
structure 25 at the proximal end (refative to catheter member ) of said diameter on
conpection channel wall struehure 25, The length of said longitudinal component can be
designed to be under tension from forees acting on the longitudinal component induced by
the first and second anchors, so as to create 8 deformation of tubudar body 30w a
substantiably eliiptical shape, e.g., the longitudingl component may be shorter than a diameter
of the tubular body 30 when no external forces act upon tubular body 30, The longitudinal
component may be placed across an inner lumen of tubular body 30 in a position where it
does not interfere with the function of valve 40, e.g., be geometrically spaced away from the
vabve 40, It may be small enoogh to avoid significant interference with blood fow through
tubutar body 30, e.g., may have a radius or g diameter ranging from 100 pm to 1000 pm,

[0073]  In embodiments, the ranscatheter valve prosthesis 1 may include fabric 120
disposed at least partially sround the tubalar body. For example, as shown in Figures 16a and
16b, the fabric 120 may be disposed around an ocuter circumterence of wbular body 3 and
aver second end 09 of projection 55 such that the fabric forms a pouch 22 between the
tubular body 380 and projection 33, The pouch 122 serves to prevent tissue andior the
clamping member 80 from sliding dows too {3y between the tubular body and projection 335,
For example, the pouch 122 may corvespond to chamber 66 disposed between tubular body
3 and projections 50 andfor 53, In embodiments, the whalar body 30 may include the

second plurality of projections 33 and the fabric 120 may be disposed over the second end 69
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of the second plurality of projections 533 (Figure 16h) In embodiments, the fabric 120 may be
disposed over both the first and second plurality of projections 50, 35

[0074] The fabric 120 may comprise liner 33b, as desoribed above, and may inchude
a first end 124 attached to the inflow end of the tubular body 30 and a second end 126 as
shown in Figures 168 and 16b. The fabric 120 between the fiest end 124 and the second end
126 may inchude sufficient slack to form pouch 122 In embodiments, the secomd end 126
may be attached to the tubular body 30 10 a vicinily of the outflow end of the tubular body 30
Ahernatively, the second end 126 of the fabric 120 may be attached to the sccond end 69 of &
projection SO, 85, as shown o Figures 172, 17b, 17¢, 17d, and 17e. The second end 126 may
be atlached at a very distal end of second end 69 (Figare 17a), or the second end 126 may be
attached at a connection point 167 that is adjacent to the very distal end of sceond end 69
{Figures 17¢ and 17d). The fabric 120 may be attached to the twbular body 30 or projection
50, 33 by, for example, sutures, adhesives, clamps, or any attachment means known in the att
In embodiments, the second end 126 may be unattached 1o the twbular body 30 and include g
free end. as shown o Figure 180 The free end of second end 126 may extend substantially the
entive longth of stent 30 (Figores 168, 16b, and I8}, or the free end of second end 136 may be
shorter than the length of the stent, for example as shown in Figures 17b-17¢. In other
embodimaents, the length of second end 126 may be shorter or longer than the embodiments
shown in Figures 16a through Figure 18

[6073] The fabric 120 may include one or mare segments of material, In
embodiments, the fabric 120 inchudes one segment of material that completely clrcumsorihes
the tubular body 33 In cmbodiments, the fabric 120 may nelude multiple segments, for
example, two, four, orsix. The segments may be spaced apart, providing gaps between
adjacent segments. Alternatively or in addition, some or all adjacent segments may overlap.
The fabric 120 maybe continnons with, for example, liner 33b {Figure 6a). The fabric 120

may be made from polyester fabvic (e.g., DACRON®E or other PTEE graft material).
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[0076] Elongate outer member 75 and clamping member 80 may be moved into the
pouch 122 and trap tissus within the pouch 122, for sxample as shown in Figure 17¢.
Movement of the elonzate onter member andvor clamping member 80 Inte the pouch 122 may
provide tension on fabrie 120, causing the fabric 120 1o be taut. Thoreby, the tissuee may be
trapped betwesn the tubelar body 3 and the projection 85, The fabric 120 may then lovated
between the tubular body 30 and the trapped portions of issae {e.g., aative valve featlets
and/or chords), and betwean the rapped portions of tissue and the projection 35,

{77 In emboediments, the fabric 120 may be attached to tubalar body 30 with
sufficient slack to form a pouch, bat the pouch 122 may not be formed until elongate outer

member 75 andfor clamping member 80 isfare moved to contact with the fabric 120
between the tubular body 38 and the projection 53, Then the elongate outer moember 73
and/or clamping member 80 forms the pouch 122 sach that the size of the pouch 122
corresponds to the size of the elongate onter member 75 andfer clamping member 80,

[6078]  Asshown in Figures 26 and 27, the barbs 230 may be configured to at least
partially pierce through fabric 120 when the barbs 230 plerce the portions of native valve
feaflets andior chords. The piercing of the fabric 120 by barbs 230 may help 1o secure the
prosthesis to the native valve leallets andéor chords.

{6079 All embodiments of the transcatheter valve prosthesis 1 may comprise
positioning andf/or ovientation devices to {aciitate relative andfor absolute positioning of the
tabular body 30 andior the elongate outer member 75 andior the clamping member 80, These
devices may inchude passive markers that are fixedly attached 1o the tubuolar bady 30 andior
the clongate outer member 73 andéor the clamping mentber 8. The passive markers nmay be
made from materials different from the materials of the tubular budy 3 andfor the elongate
outer member 7S anddor the clamping menther 80 in order to improve contrast during medical

HRAZING, &4, using magnetic resonance or X-ray based imaging techwiques. The passive

markers may, e.g., be made of highly radic-opague materials thereby allowing one to
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precisely acguire the relative andfor absolute position of the components of the transcatheter
vabve prosthesis 1 with respect to the patient’s body. The passive markers miay cach have an
asymmetrical shape so as to sliow identification of the absolute andfor relative position and
orientation and therehy the position and orentation of the tubular body 30 andior the clongate

-
i
I

outer member 73 anddor the clamping member 80, The passive markers miay have an identical
shape and may be arranged i a cevtain configuration relative 10 cach other o allow
recogattion of the orientation. The circumferential groove 45 of the tubular body 30 andfor
the tubalar body 30 andfor the slongate outer mewber 73 andio the clamping montber 80
may have passive markers fixedly attached 1o facilitate positioning them relative to cach
other using imaging techoiques, e.g., passive markers made of highly radio-opaque materials
when imaging techniques based on electro-magnetic radiation {e.g., X-ray imaging) are used.
It addition andfor as an alternative, the circumderential groove 43 andior other
partsfcomponents of the tehalar body 30 and/or the elongate outer member 75 andfor the
clamping member 80 may be made front radio~opagque materials,

{0088] A method for using a transcatheter prosthesis § ax described above may
comprise:

[0081]  ~ Placing the transcatheter valve prosthesis 1 within an atrio-ventricular
valve, e.g., in a nuitral or & wicospid valve of a human or antmal heart, via an insertion
catheter. The transcatheter valve prosthesis | may, e.g., be placed in a connection channel
wall structure 25 between a ventricular chamber 20 and an atrial chamber 15 as shown in
Figure i,

[8082] To place transcatheter valve prosthesis 1 within the heart valve, the
following approsches may be applied: 1) an arterial retrograde approach entering the heant
cavity over the aorta, 2) through a venous aceess and through a puncture through the inter
atrial septom {rans-septal approach), 3) over a puncture through the apex of the beart (trans-

apical approach), 4} over a puncturg through the atvial wall from outside the beart, 5} anterial
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access {e.g., from the fernoral artery through o puncture in the groin), or 6) any other
approach known to a skilled person. The approach to the valve s facilitated as the tobular
hody 3} is radially compressible and extendable and may, e.g.. be folded and stuffed in a
catheter during approach and may be unfolded/extended when within the circemferential
comnection channel wall structure 23, The transcatheter valve prosthesis 1 may include the
clamping member 80 or the clamping wember 80 may be inserted separately via one of the
mentionsd approaches {o.g., using a catheter) se as to be placed v the circumforential groove
45 of the wbular body 3 when the tubula body 30 is located In the conneetion channel wall
structure 25, The claroping member 80 may be compressible and expandable.

[083]  -Fixing the trapscatbeler valve prosthests 1 in the heart relative 1o the valve.

[0084]  For functional replacement of & heart valve, the transcatheter valve
prosthesis 1 is fixed relative to the connection chanpel wall structure 25 and sealed against
bliood flow on the exierior of the transcatheter valve prosthesis 1 in the connection channel
wall structure 25, To achieve this, tissue of the comection channel wall structure 25 adjacent
to the circumferential groove 43 may be forved or placed inside the circumferential groove 43
to engage radially below the first 30 and sceond 33 pluralities of projections whereby the
tissue is prevented from slipping out of the groove 43 by the first 50 andfor second 53
plurality of projections, wherein the free ends 60, 63 of the first 50 and/or sceond plurality 53
of projections may penetrate the tssue. The tissue of the connection channel wall strueture 25
may be {completely} perforated, or for examiple partislly perforated, by the projections 33, 33
and may thereby be prevented from shipping out of the circumierential groove 43, The
clamping member 80 or two or more clamping members 8G may be provided in the
circumierential groove 43 to actively press Ussue of the connection channel wall structure 25
against the free ends 60, 635 so as to interlock the tissue with the free ends 68, 63, This results

a1 the transcatheter valve prosthesis 1 being held 1o place more firaly and sealed against
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blood flow hetween the exterior of the tubular body 30 and the connection channel wall
structure 23,

[0083] To place tssue in the ciroumforential groove 43 of the twhular body 3 a
method for using s transcatheter valve prosthesis 1 may comprise ysing an elongate outey
member 73 to radially and inwardly force tissue of dic connection channel wall structure 23
into the oireumforential groove 45 (which may or may not comprise a clamping member &0).
With referevee to Figure 3, the elongate outer member 73 may be disposed at an exterior of
the connection channel wall stracture 23 at a level of the circumfvrential groove 45, Then,
with further reference 1o Figure 6b, a distance RS between the elongate outer member 75 and
the axis 35 of the tubular body is reduced {that means that also a distance batween the boltom
46 of the circumferential groove 45 of the tuhular body 30 and the clongate onter member 73
is recluced) so gs to foree tssue of the connection channel wall structre 23 info the
cireusferential eroove 45 to fix the tissue in the civcumferential groove 45, In embodiments,

o
I
I

the elongate outer member 73 slides along the slope of a partially deploved mibndar body 30

to force tissue of the connection wall structure 23 into the civcomferential groove 45, The
slongate outer member 75 may be handled via a catheter member 90 and an approach as
deseribed in relation to the transcatheter valve prosthesis | or any other approach may be

-t
{

used in order to bring the elongate ouer member 73 into the vicinity of the connection

channel wall structure 23,

[6086] After the clongate outer member 73 is disposed within the circuwmferential
groove 435 s0 as to fix Ussue with the groove 45 and the tubular body 30 s fully deploved, the
clamping member 80 may be guided along the elongate owter member 75 such that the
clamping member 80 is disposed over and coaxdal with the loop of the elongate outer member
75 within groove 43, For example, the clamping member 80 may be advanced hetween at

feast two stent strats 107 andfor projections on the tubular body 30 in order to be slid over the

slongate outer member 73, The clamping member 80 may then trap the tissue (e.g., native
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valve teaflets and/or chords) within the circuniferential groove 45, In embodiments, an
msertion member {30 may push the claniping member 8O between the stentd struts 107 and
aver the clongate auter member 75, A coupling member 133 may release the insertion
member 130 frons the clamping member 88

[6087] In embodiments, the clamping member 80 may be moved into the
circumierential groove 45 when the tubalar body 38 is parfially deploved. For example, when
the outflow end but not the inflow end of the ubular body 3 is deployved from a delivery
catheter such that the circamferential opening of groove 43 s refatively larger {as compared
to when the tebular body 30 is fully deployed), the clamping member 80 may be moved into
the circunderential groove 45, The clamping member 80 may be slid slong the tebular body
30 {for example, fn a divection from the ontflow end toward the inflow end of the wbular
hody 30} into the cireumferential groove 45 to trap Hissue within the groove.

[OORR]  When the fissue of the conngction chamme! wall stroctare 25 is held in the
circumnferential groove 43 by the projections 30, 55, the elongated momber 75 {and the
catheter member 903 may be removed front the hewt or, as shown dlustatively b Figore 7,
the connecting mesns 91 of the catheter member 20 may be used in order o permaneatly
connect twa {frec) ends of the elongate outer member 75 together and optionally cut the ends
so that elongate outer menber 75 remains permanently on the exterior of 8 connection
chamnel wall structure 235 on a level of the civcumterential groove 45 of the tubular body 30
so as to additionally hold tissue of the connection channel wall structurs 25 in the
circumferential groove 45,

[008%] In cmbodiments, elongate outer member 75 may radially and inwardly force
fissue of comnection channel wall structure 25 into contact with fabric 120 and between the
tubular body 30 and the projection 53, This movement of clongate outer member 75 may
gyide native valve leaflets andfor chords into eircamforential groove 45, wherein the

civcuntferential groove 435 is formed between the tubular body 30 and the projection 35,
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Movement of elongate outer member 75 into circumferential groove 45 may guide the native
valve leaflets andfor chords into contact with fabric 120 1o forny pouch 122, The fabric 120

may thas change from slack o aut to form pouch 122, The clamping momber 80 may further
be advanced into pouch 122 to trap the tissug within pouch 122,

[6098] In embodiments, the isertion member 130 may push the clamping member
80 into the circumBerential groove 45 and over the slongate outer member 75, For sxamyple,
the insertion member 130 may push the clamping member 80 bebween at least two stent strals
107 and inte the circumferential groove 45, The coupling member 133 may selectively
refease the clamping member 80 from the mserlion tube 130 after the clamping membaer 80 is
within the crrcumferential groove 43 (Figure 15¢). In embodiments, releasing and removing
the clongate owter member 78 from the tubular body 30 releases the clamping member 80
from the insertion member {30, The clamping member 80 and the insertion member 130 may
be re~atiached with the coupling member 130 after the step of releasing the clamping member
&0 front the insertion member 130, The clanping member 80 may then be repositioned
within the patiemt. Additionally, the tubular hody 30 and elongate cuter member 75 may also
be repositioned within the patient. ARer re-positioning the clamping member 80 within the
patient, the coupling member 133 may re-release the clamping mermber 80 from the insertion
member 130,

{3091 A method for using the transcatheter atrio-ventricular prosthesis | may result
in the transcatheter valve prosthosis 1 being fixed to the connection channel wall structure 23
and being fumby beld in place via the tissue that is held i the cireamferentiad precve 43 by
the freg ends 60, 63, optionally supported by the clamping member 80 and/or the permanently
disposed elongate outer member 75,

[0092] A method for using the transcatheter atrio-ventricular prosthesis 1 may also
result in fixation of wbular body 30 to the connection channel wall structure 25 with minimal

acclusion of the patient's valve, For example, the elongate outer member 75 may be advanced
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to the patient's native valve within a first delivery catheter, for example through the patient's
femoral artery. The clongate outer member 73 may fxwm a loop around the patient's native
valve without substantially eccluding the valve. The tubular body 30 may be advanced to the
patient’s native valve within a sceond delivery catheter, fiw example through the patient’s
afrial wall, The tubular body 30 may be partially deploved from the second delivery catheter
such that the cutflow end but not the inflow end of the tubular body 36 is deployved tfrom the
second delivery catheter. Only for the briel time that the tubular body 30 is partially deployed,

the pationt’s pative valve may be substantially eccluded. The elongate ouler mamber 78 may

2,

then move into the cirournforential groove 45 whaen the tubular body s partially deployed,
and thereby move the patient’s native valve leaflets andior chords into the groove 43, Once
the tubular body 30 1s fully deployed, the paticat’s native valve may no longer be
substantially occluded. Therefore, the method may include only substantially occluding the
native valve only when the tabular body 30 is partially deploved and not vet auchored in
position by clongate vuter member 73, Additionally, climping member 80 may be advanced
over the elongate outer member 75 without substantially occluding the native vatve. For
exanmple, as discussed above, the clamping member may be advanced over the elongate
member 73 and around the fully deployed or partially deployved twbular body 30,

[0093] Features of the transeather atnio~ventricular valve prosthesis { and method
steps involving the prosthests that have been described herein (deseription andfor figures
andfor claims) referring to a transeather atrio~ventricular valve prosthesis | comprising firt
3G and second 335 pluralitios of projections also apply o a transcatheter atrio- ventricular
valvi prosthesis 1 comprising one plurality of projections (30, 553 and vice varsa, In
particular, featores deseribed in the application (description, chums, figures) to further defive
the projections of the first and second plurality of projections are also applicable to only the

{fivst plurality of projections if], for example, the valve prosthests only comprises the first
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plurality of projections. All features hereln are disclosed to be interchangeable between all

cmbodiments of the transcather atrio-ventricular valve prosthesis 1.
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The claims defining the invention are as follows:

L. A system for implanting a heart valve, the system comprising:

a radially self-expandable tubular body having an inflow end and an outflow end and a
projection extending from a side surface of the tubular body toward the inflow end;

a valve disposed within and attached to the tubular body;

a fabric configured to form a pouch between the tubular body and the projection,
wherein the pouch is suspended between the projection and the tubular body such that the
pouch is spaced from a point of attachment of the projection to the side surface of the tubular
body; and

an elongate outer member configured to be moved into the pouch and guide heart
tissue into the pouch such that the heart tissue is between the tubular body and the elongate

outer member.

2. The system according to claim 1, further including a trapping member
configured to be disposed along the elongate outer member and trap the heart tissue in the

pouch.

3. The system according to claim 1 or claim 2, wherein the fabric includes a
first end attached to the inflow end of the tubular body and a second end attached to the

tubular body in the vicinity of the outflow end.

4. The system according to claim 1 or claim 2, wherein the fabric includes a
first end attached to the inflow end of the tubular body and a second end attached to the

projection.

5. The system according to claim 1 or claim 2, wherein the fabric is attached to
the tubular body such that the fabric is configured to move from a slack state to a tensioned
state when the elongate outer member moves into contact with the fabric between the
projection and the tubular body, the tensioned state forming the pouch between tubular body

and the projection.

6. The system according to any one of claims 1 to 5, wherein the fabric is

polyester fabric.
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7. A method for implanting a replacement valve in a patient's heart, the method
comprising;

deploying from a delivery catheter a radially self-expandable tubular body having a
valve disposed within a lumen of the tubular body, a projection extending from a side surface
of the tubular body toward the inflow end, a groove formed between the projection and the
tubular body, and a fabric extending from the inflow end and over the projection, such that,
when the tubular body is deployed, the tubular body is aligned with a native valve of the
patient; and

guiding portions of native valve leaflets and/or chords into the groove and forming a
pouch of the fabric in the groove with an elongate outer member disposed radially outward of
the native valve, such that the native valve leaflets and/or chords are between the tubular body
and the elongate outer member, wherein the pouch is suspended between the projection and
the tubular body such that the pouch is spaced from a point of attachment of the projection to

the side surface of the tubular body.

8. The method according to claim 7, wherein the fabric is configured to move
from a slack state to a tensioned state when the elongate outer member moves into contact
with the fabric between the projection and the tubular body, the tensioned state forming the

pouch between tubular body and the projection.

9. The method according to claim 7 or claim 8, further including trapping the
portions of the native valve leaflets and/or chords within the pouch with a trapping member
such that a portion of the fabric is located between the trapped portions of the native valve

leaflets and/or chords and the projections.

10. The method according to any one of claims 7 to 9, wherein the fabric is

polyester fabric.

11. The method according to claim 9, or claim 10 when appended to claim 9,
wherein trapping the portions of the native valve leaflets and/or chords within the pouch

includes moving the trapping member within the pouch.

12. The method according to any one of claims 7 to 11, wherein the native valve

is a mitral valve or a tricuspid valve.
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13. The method according to any one of claims 7 to 12, further comprising

removing the elongate outer member from the patient.
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