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SUPPORT FOR A HEART VALVE PROSTHESIS

The invention relates to a support according to
the precharacterising clause of Claim 1.

The known prostheses used in card:.ac surgery
contain a°
generally of metal.or of both materials. They consist

in general of lbng, .often wire-like elements which are

:pre,.domi-nantly not very elastic and are often joined by |

soldering or. welding. This results in poor
adaptability, especially since the joihts then become
brittle, but in some cases also relatively poor
tole'rance.,_ not least because the textile -covering
generally applied to the support then requires several

‘seams in order to hold securely on the wire skeleton of
the support, with the result that strength problems may
also occur and manufacture is made more difficult.

Typical heart valve prostheses of this ‘type are
described in U.S. Patent 3,570,014 or U.S. Patent
3,755,823, o

It is the object of the invention to design a
support for a heart valve prosthesis of the type stated
at the outset in such a way that the adaptability and
tolerance are improved, strength problems being

avoided. This is achieved according to the invention

by the charactei:ising features of Claim 1.

The two-dimensional embodiment ensures both
flexibility a_xid adaptability, the one-piece _embq’diment
making solder connections or the like superiluous,
which is advantageous on the one hand for the strength
and durability and on the other hand for easier

“manufacture.

The elasticity and flexibility of the suppor:
arms is further imnrsved by the embodiment according to
cl a*m 2. The embod:.ment having indentations between

pro;:ec :.ons, ac,orulng .to Claim 3, pem:.ts the

accommodation -of excess biological heart valve
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crown-shaped support of plastic, but
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vr'ery el are edso| der | ng or welding. This results in
poor‘adz@pa%’ms“ ;am‘ﬂﬁilﬁnmi ﬁt he 10 joi nts then b@®CAVEPYR/OIGI7E,
but in sone cases als or tolerance, not |east because the
textile covering generally applied to thegsupport then requires several :
seans in order to hold securely on the wire skeleton of the support, wth

the result thatmateefigih ¥hich Asolfastenedy il 0 kmown madneBntbachere is

e Toee h LxSgberd BECth (R euta, PRI S ofe !Bl bR Al
similar indentations were present- also in an embodiment
according to U.S. Patent 4,259,753, wliich attempted to
5 overcome the previous disadvantages by avoiding long
' support arms, and of course with acceptance of the

other _disadvantagés mentioned.
In pa.rt.:.cular, the embodiment, accord:.ng to the
invention, of the support provides such great
10 adaptability that the heart valve prosthesis can be
used equally, in the pos:.tzon of mitral or tr:.chosp:.dal

valves. _

Further details of the in%rention are evident
. from the fol,lowing description of embodiments sho?nn

15 schematically in the drawing. '

Fig. 1 ‘shows' a suport according to the invention
before attachment of the biological heart valve
material and

Fig. 2 shows the developed view of a support formed

20 ' according to the invention; fes—wiich
' to 5a show various cross-sectional forms.

)

28
\Q

L

Fig. 1 shows a heart valve prosthesis 1 having
an. annular support la according to the invention in an

. oblique view with partly removed textile covering 3,

25 which covers the annular support la together with a
collar 2 mounted thereon. As can be seen, the support
la consists of flat material, in particular of a.
thermoplastic, so that it can be produced easily and
economically, for example by injection moulding.

30 The support la possesses, in a known manner,
three axially projecting support arms 4, the free ends
of which are rounded in the manner to be described\
subsequently with reference to Fig. 2. Projections 5
and indentations & are ar:anged alternately at the

35 axial end of the support 1la, ‘opposite the support arms
4, in which inc_ientatio’ns any excess biological heart
valve material, which is- to be flattened in a

SUBSTITUTE SHEET
|



:3, 755, 823, P-A-0 143 246 shows a support for a heart -made
G0 92l Wiak Her/EpYBuIA-

from pl’ terial, whereby a | ot of.openings shall insuret
fastening of a cover. Also US- A-3,983,581 glescribes a support for a heart
val ve made from plastic material and havi ng an approxi mately hol | ow

cylindrical shapezodfedt dosbt ddihéessrdbaned suppRY dxais 3nd isdto be
tril-eafl et heart A/al ve, wherein thr-eie struts upstandi ng?c{lrom arin ,_1s1haped

base -taper in thitkie’Req rohn e FPIEE Rasth? ] 17 $24n SFdRtto

provi de vari abl e be explained subsequently, the support la - in contrast
to the prior art - is relatively flexible and elastic,

w

and expediently only the middle region between the base
region 4a of the support arms 4 and the indencations §
can he reinforced, as is evident from Fig. 4a and Sa.
The textile covering 3 is expediently elastic,
_ and consists, for example, of a network fabric, because
10 . such a fabric has sufficient intrinsic elasticity -
even when conventional, biolegically tolerated taextile
material is used. In practice, a USCI  producz,
Adavison, from C.R. Bard, Catalogue No. 007831, has.
oroved expedient. This is all the more surprising

.since nonelastic coverings have been chosen to dats;

[
tn

however, it will subsequently become clear tha: the
choice of elastic material results in a simplificacion
in the manufacture of the heart valve prostiesis,
improved safety with respect to tearing of seams 2and
20 '_sr_naller number of such seams, which also improves tle
tolerance of the prosthesis.  This is because in many

casas concealed {and therefors invisible)

-

: ¥
i Wil

(B

[N
wn

From the developed view of the enclosed suppor=
‘la accordiang to Fig. 2, it can be seen that the
indentations § are located exactly opposite the suppor:
arms 4, on the same genperatrix 8 which Zorms a common

axis of symmetry. The rather flat projections I zare

(97 ]
(@]

locatad between the indentations &. The generatricss
8 preferably form a gentle cone, the geometzy of which
will be discussed with reference to Fig. 3 to 5a. The

i 8y

height H from the outermost tip of the support arms
o the ‘ends of the projections 5 is smaller than the

[#Y]
in

maximum cdiameter of the support la shown in Fig. 1.
To make it easier to pull on the material 3 -

| with an optimal anatomical f£it - it is expedient iI the

S T

~ This Sheet Has Beeg,

I
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flexibility from the base To the tips. It is an object of the invention to
design aWsD92/198Mppor,:cfshde: HasBE@IRepi¥al Ve prosthesis of the tpOE/ERRIG@DIAL

the outset in such a aptability and tol erance are inproved,
strength probl ens bein s is achieved according to the

i nvehtion by the chara ures of daiml. 35 The .
t wo- di nensi onal enbodi ment ensures both 4

support arms 4 are rounded at their free ends with a
radius R which corresponds to not moxe than one eighth
of the diameter of the support la - measured in the
region of the collar 2 shown in Fig. 1. On the other

w

hand, it dis advantageous if the indentations § are
relatively flat, the radius of curvature 2R prefrably
'cor:esponding to not more than twice the radius of
carvature R of the support arms 4. The collar 2
consisting of textile or plastic material is

10 expediently mounted between the two circumfarsntia
' lines 9 and 10, the cixcumferential line 9 being
locatad underneath the base 4a of the suppor: arms 4 -
referably at a distance al of about I mm - tle
circumierential line 10 advantagecusly Dbeing locatsd

-

scmewnat further, Zor example a distancz a2 of about 2

gt
tn

-

mm, Ifzom the edges of tThe indentations 5. The height

-

n of the indentations §, that is to sav the height ci

3}

he arzow Irom the Iree end of tile projections 3 o the
lowesT point of the indenctation 5, should axpedisntly

be not mors than 0.2 mm.

[
Q

The wall thickness W of che flat suppor:t la can

-

ne rzliatively uniform and not mors than I mm, but

£
[31]

3 To 3a are intended Lo show that nonuniforn:
chicknesses ars also possible within the scope of the

invencion. Tt should z2lso -Ze mentioned thac

(T3]
1]

shows an equidistant arzangement c¢i the suppor:t arms 3,

.-‘
l;‘
[¢]
3]
®
b
ct
4]
(D

2. an arrangement distributed symmetzica

. Thus, bv means of

(W)
P
tn
l-‘-
33
o
M

rrangements are likewise pos
iiZferent spacings between the suppor:t arms &, the facs
thnat the biological material is generally not uniformiy

-
o<

v
=
Q

<~ Dprosthesis is taksn

H

available for the hea

m .

s
account. For example, if the spacing of the three arm
increases in the <clockwise or counterclockwise

[9Y]
(8]

- . - 3 ~nl . 3
direction, an angular seguence of 1107, 12¢° and 13C

Siclogical

[}

roving particularly advantagaous, dilisren
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one--pi ece émbodi ment onnections or the |like superfluous
whi ch i s advant ageous d for the strength and durability and
on the other hand for easier manufacture. s5 The elasticity and
flexibility of the support arns is |nproved. The indentations between the
proj ections per¢gitcumstances can be catered £5r with these two

REPLACEW,ﬁIg&@T DatTéis WB@.@WW exibility and adapt abidy ﬁz/bi‘@n

embodiments..

Fig. 3 shows a section through' the support 1la,
in wnﬁch the arms 4 make an angle a, preferxably of not
more than 8°, with a long1 tudinal axis or with a line

w

L parallel tnereto}.so that the vertical ;ngle of the
support arms 4 converging Irom two opposita sides of
the annular element 1la is finally 2. In this
embodiment, the'gall thickness W in the region of the

g
o

support arms 4 is relatively uniform; it may taper
slightly towards the free ends of the arms 4, while the
region located underneath the base 4a in between can be
reinforced in its cross-saction A, that is to say

rched inwards. This gives .the suppor: arms 4

)
tn

increased mobility and elasticity which sunnor:s its
function at a point in constant movement and, owing ta
izs greater adaptability, makes the prosthesis more
suitabhle for use in a very wide range of positlomns.

In the case of Fig. 4, too, the outer surface
20 0f the suppor: arms 4 is conical with respecz to thae
longitudinal axis of the support la, as is preferzed.
¥ers, howsaver, the internal diameter of the support is
‘the same over the height of zhe support azms 4, so that
the inner cavity - in the region of the support arms &

[
[§4]

- is to be regarded as cviindrical. Ia addition to
this conical smbodiment of the upper supportT arm region
of the suppor:t la, the lower region too, which iacludes
the projections 3 and the indentatlions 5, can be in the

form of & cone which c¢pens in a downwarzd diraczion and

t.)
o

has a slightly 1 ge* cone angle al, whers «i may be,
for example, about 2° larger than «. I£f, for example,
c is §°, <l is §°.

The &transition from the upper region of the
support arms 4 to the lower region of tie projections
35 5 is preferably wvia the cuter (and inner) curvature.

The radius Rl of this curvature is not critical and may

SUBSTITUTE SHEET



fthe acconmodat i on q{usgﬁggm gal heart valve material , which- .
f ast e 92419484 nown support or to its texti ngrégmph'b” It is
true that 10 Si me,ﬂﬂlmm m

according to US Pat

ns were-present also in an enbodi nent

whi ch attenpted to overcone the previous
di sadvant ages by avoi di ng Iong support arms and of course with acceptance
of the other disadvantages nenti oned. 158 ' In particular, the

Zcr}t;g?;g\leln;[tyaccordlpg_ to thpl | nveyt | orl of ‘t thspp%.rs:[c p{n?glrggess Sé‘;&? gr eat

retention of the collar 2 - where it is used - and of
course the txansition from the.upper to the lower
region is therefore close to the line 10 desccibed
above with reference to Fig. 2.

As shown in Fig. 4a by means of a section, an

(93]

annular region 11 which has a cross-section tapering
inwards to a point and imparts greater stability there
to the support la while fully retaining the elasticity
10 of the support arms, can be provided between the

)

projecting support arms 4 and the projections 5 formin
- similarxly to E‘ig. 4 - a lower cone of ralativel

"ﬁ

gxeat divergence. Tor resasons ralating to medical

tachnology, however, a continuously rounded transition

p-t
tn

is generally provided between the upper and the lower
ragion. The fact that the wall thickness of the
support arms 4 tapers at an angle o2 towards their fxee
ends in such a way that the fzee end is, for exampls,

~about 20% narrower than the base oI the paxticular

"~

0 ~ supporT arm 4 helps to increase the elasticity in the
case of Fig. 4 and 4a. .

IZ Fig. 4a also shows an annular zegion 11

::aper:‘.ngl inwards to a point, it is of couxrse true thac

an inner curvature, for example having the stated

zadius R1, is ©preferable. Larger wadii of, Ior

(%]
n

example, 30 mm (cZ. Fig. 3) are praferable %o smalier
Tig. 3a) -because thev D
adaptation to the parzicular ZIunction. Thus, tie

embodiment accordiag to Fig. 5 appears TO be optimal;

- -

L)
o
..‘

(t

has an upper cone Hav-nc a vert cal angle of, feor
R 3 .
exampie, 6 and a lower cone having a vertical angls
- - 3 . . . . . -
0f, Zor example, 87, in conjunction with tapering of
the support arms 4 <towards their free ends, and an
inner curvature having a radius Rl
35 In this sense, it is possible first to

a I different diameters,

'ty
H
wm
Hh
o
83
H
[ 50
n
(0
t
m
)]
o]
g
Ko
o)
5]
(f
t
p—

o
craferably from 17 mm to 33 mm at the base B. In order
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that_ t he WOaRr1Ngd ve Jr i @ used equally, in the it
AR AR T I nvent B%#’E

mtral or trichospida
20 fromthe follomﬁtgﬁ [
the drawi ngs. Figure 1

attachment of the biological heart valve yaterial; 25

tr details of the

ion O

f
F&2/049 dent

of- enbodi ments shown schematically in
t according to the invention before

Figure 2

shows the devel oped view of a support forned according to the invention;

and

tn

p=
o

fae
tnh

suBsequencly to fora a heart valve prosthesis 1 shown

(2]

n rFig. 1 therefzom, a textile covering 3 must be

provided - in the manner described. In practice, a

human (if desired aiso an animal) pulmonary or aortic

valve is stored either in a nutzient solution (together
with antibiotics and other substances) and is sewn to
the prosthesis shown shortly before use; alternatively,
the aiready combined components of the bprosthesis ars

-

-7 ?

stored or Izozen together in a nutrient solution until
they are required. This also ensures a high rate o

b

cell suxvival, and the prostheses produced in this

.Janner c¢zan be used in Zour different positions.

A large number of modifications ars possible
within the scope of the iavention: although the

tapering with the angie «2 (Fig. 4) was described witl
4

(
zefarsnce to the support axms 4, it is advantageous 11

iwm

the projections I also ctapex, as illustrated in

Al

particular by <the preifsrzred embodiment accoriing o

Tig. 5, with the result that these projections 3, 2o,

SUBSTITUTE SHEET



Flgures 3 t 0o 5a show various cross sectional forns, whereas_the enbodi nment

-

of Fi guf O R4S not fall within the scope of the inventi onPEE(EHZ/Pﬁmdsed
for 30 ———FFFHSPF&L##@—pULpOSGS only. Figure 1 shows a heart valve

prost.hesi.s. h? n annul ar supportgla according to the invention in an
obl rque VI E?ennved textlﬁe covering 3, which covers the

annul ar su er W thoaneqhl @y 2,35 mounted thereon. As can
be seen, "t onsists™ " ; '

5 VU Support of a plastic material for a heart valve
prosthesis, which support has, at one axial end,
axially projecting support arms distributed over the

ircumference and rounded at the free end, having a
covering, for fastening biological heart valve
material, character 'sed in that the support (la) is
formed as a single piece Zrom flat, closed, preferably
thermoplasti material which  itself nas an
approximately hollow cylindrical or hollow conica

’

shape. _
z. Support according to Claim 1, characterised i
shat its wall thickness (W) tapers towards the f-ese
ends the suppor:'arms (4).

3. Suppor:z according to Claim 1 or 2,

charactexised in that axial indentations (8) ars formed
.in the axial support encd opposite the Iree end of zhe

uppor= | arms (4), hetween which Indentations

w

projecticns (3) are located, and that the normal
istance Zrom the fxee end of a projection (5) to the

iowest.point of the indentation (§) adjacent to it is.

not more than 0.2 mm.

4. Suppor= accexding to Claim 3, characterised in

that the wall thickness (W) of the suppor:t (la) tapexs

towards the frse ends of thé-prsjec:ions (5), starcting

ixrom a2 reinforzed annular <xegion, and/er zhe

direczion bv & predetermined angle (i) oif not mors
5 - 9
—han 87, preie 1y not mors than & .
s. Support according to anv of the preceding
laims, characterised in that the suppert arms (4)

converge towards one another conically in the axial
irection by a predetermined angle («2} of not more
than 8°, pfeferably not more than 6°.

6. Support acccrding to any of the preceding

Claims, characterised in that at least one o0of the
. . e

- cusstrrure sieet | NNH N RO



- 3- fl at materl al ry,id g @ﬁggg aceaf a thernoplastic, so that it can be
producedw(ga%% 19184nd Téhl . exarrpl e by injection npoTdpa/010fE
support |a possesses, m\‘&r"

support afns 4, the f

ner three axially projecting
I ch are rounded in the manner to be
descri bed subsequently with reference to Flgure 2. Projections 5
following features is present:
a) the support arms (4) are rounded at the fxee end,
| the radius of curvature (R) being not more than one
‘ eighth of the diameter of the support (la}) -
measured at the base (4a)'of the support arms (4);
b) the total height (H) of the suppor: (la) corresponds
to not more than its diameter;
c) the wall thickness (W) of the support (la) is not
_ more than 1 mm. '
7. Support according to Claim &, characterised in
that the indentations (6) are rounded, the radius'of
curvature (2R) preferably cqr:esponding to not more
than twice the radius of curvaturs (R) of the free ends

of the support arms (4).

8. Support according to any of the preceding
Claims, characterised in that the suppor:t arms (4) are
different distances apart, said spacing corresponding

n partzicular to an arithmetic series.

e

—
N0 0 o
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and indentations 6 are arranged alternately at the axi al

bi ol ogi

l'a, opposite the support arms 4, in 10 whi ch indentations any/ ,.“ eSS
cal heart valve material, which is to be flattened in a c§ LJ T,lf‘ onal
manner’ ovet the PFfort ar s “QREP INIELRETHAL PROBEREYORGANBATRN, ol | ar \ggPan be

acconmodated. As will

be expl ai ned subsequently,

in

contrast INTERNATHENAL ARPLICAHPN PURIISHED MNRER VHE |PATENT OQ?@R@T&N,T(‘BEAgﬁdPCD

the support la -

expedi
supporit

%‘6 knverﬂa.{.m ﬁ.ﬂﬁ ClisHflafion 5601 ON DG VEE

ar ne he i ndentati ons

A61F 2/24
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(57) Abstract

A hart valve prosthesis (1) is formed from a support (12) having a textile covering (3). The support (1a) is formed as a
single piece and consists of flat. closed, preferably thermoplastic materiai wh:ch itself has an approximately hollow cylindrical or

hollow conical shape.




‘as is evident from Figures 4a and 5a. The textile covering 3 is exgediently
el'asti ¥OB2/19184q consists, for exanple, of a network fabr PET/BR¥ABEME7s|ch
a'fabric has sufficient intrinsic elasticity - even when conventional,

biologically tolerated textile material is used. In practd USCl
product, Adavison, fromC R Bard/1kpialogue,hb 007831, h

.proved -
expedient. This is 25 all the moré surpri sing since no t Fles Beey RéplaRgyS
have been chosen to date; however, i i1 subigquently be g8
the.choice of elastic naterial e ' 3 I

. .
Fig.5a

,THIS SHEET HAS BEEN
i REPLACED
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sinplification in the manufacture of the heart val ve prost[|eREBLATHIPEOVSREET

mmﬂuhke Betl to tearing of 30 seans and a snal |l ef| nunbe

sea i nproves the tol erance of the prosthesi s Jdes. {Q$&§€g§§b
nceal ed (and therefore invisible)' circunferemta—seamn—
he region o e collar 2 will be sufficient, if necessary with a vertical

sean17 35 From t he devel dped VIeM/Of t he encl osed support

SUPPORT FOR A HEART VALVE PROSTHESIS

The invention relates to a support according to
the precharacterising clause of Claim 1.

The known prostheses used in cardiac surgery
contain a ° crown-shaped support of plastic, but
generally of metal or of both materials. They consist
in general of long, often wire-like elements which are
predominantly not very elastic and are often joined by
soldering or welding. This  results in poor
‘adaptability, especially since the joints then become
brittle, but in some cases also relatively poor
tolerance, not least because the textile covering
generxally applied to the support then requires several
seams. in order to hold securely on the wire skeleton of
the support, with the result that strength problems may
also occur ahd ‘manufacture is made more difficult.
Typical' heart valve prostheses of this type are
described in U.S. Patent 3,570,014 or U.S. Patent
3,755,823.

It is the'object of the invention to design a
support for a heart valve prosthesis of the type stated
at the outset in such a way that the adaptability and
tolerance are improved, strength problems being
avoided. This is achieved according to the invention
by the characterising features of Claim 1.

The two-dimensional embodiment ensures both
flexibility and adaptability, the one-piece embodiment
making solder connections or the like superfluous,
which is advantageous on the one hand for the strength
and durability and on the other hand for easier
‘manufacture.

The elasticity and flex;blllty of the support
arms is further improved by the embodiment according to
Claim 2. The embodiment having indentations between
projections,. according to Claim 3, permits the
accommodation..:of excess Dbiological heart valve




of symmetry. The rather flat projectionsi$. are | GddaRd997

..............................

dent ations 6. The gsneratri ces 8 prefer V1 Oorm A

Bor aghigure 2, it can be seen that the indenttd.ong @E@.r
Ioc  Shec( mﬁ“ﬂm‘;ﬁ‘gosme the support arns 4, on the sane gen ra':trlx Jﬂ%*r‘*FET
for

gentle cone, the geonetry of which will “be discussed with reference to

fggtjagseﬁd;o Satelgglr)el ﬂ?.&:hHJ.fsr 9 aéthe%eéjter "es twR %az;[nhe%: studppchrt arms 4

support or to its textile covering. It is true that

. similar indentations were present-also in an embodiment
according to U.S. Patent 4,259,753, which attempted to
overcome the previous disadvantages by aveiding long
support arms, and of course with acceptance of the
other disadvantages mentioned.

In particular, the embodiment, according to the
invention, of the support provides such great
adaptability that the heart valve prosthesis can be
used equally, in the position of mitral or trichospidal
valves.,

Further details of the invention are evident
from the following description of embodiments shown
schematically in the drawing. '

Fig. 1 shows a suport according to the invention
before attachment of the biological heart valve
material and

Ffig. 2 shows the developed view of a support formed
according to the invention; fez—which

h Fig. 3 to 5a show various cross-sectional forms.

Fig. 1 shows a heart valve prosthesis 1 having
an annular support la according to the invention in an
oblique view with partly removed textile covering 3,
which covers the annular support la together with a
collar 2 mounted thereon. As can be seen, the support
la consists of flat material, in particular of a
.thermoplaétic, so that it can be produced easily and
economically, for example by injection moulding.

The support la possesses, in a known manner,
'thrée axially projecting support arms 4, the free ends
of which are rounded in the manner to be described
subsequently with reference to Fig. 2. Projections 5
and indentations 6 are arranged alternately at the
axial end of the support 1la, opposite the support arms
4, in which indentations any excess biological heart
valve materiai—, which is to be flattened in a



of the projections 5 is smaller than the maxi num di aneter 1 R.:p__qt;;:mgws;“;ggr

o'ﬂisshatHhMRﬁlaEu gure 1. To nake it easier to pull on {the materi al

W|th a omcal fit - it is expedient if the suppwsie arhd R\r 9?
rounde

e ends with a radius R which correspondé=te=net—rere———_
than one eig t he di aneter of the support la - neasured in the
regi on of the coIIar 2 shown in Figure 3 On the other hand, it is
advantageous if the indentations 6 are relatively flat, the radius of
curvat ure 2Rgumfenabbgalonanfpendirag tive nsdpport arms and is to be

fastened to -the collar 2, can be accommodated. As'will
be explained subsequently, the support la - in contrast
to the prior art - is relatively flexible and eléstic,
and expediently oxily the middle region between the base
region 4a of the support arms 4 and the indentations §
can be re.intorced,_ as is evident from Fig. 4a and Sa.
The textile covering 3 is expediently elastic.
and consists, for example, of a network fabric, because
such a fabric has sufficient intrinsic elasticity -
even when conventional, biologically tolerated textile
material is used. In practice, a USCI product,
Adavison, from C.R. Bard, Catalogue No. 007831, has
proved expedient. This is all the more surprising
since nonelastic coverings have been chosen to date;
however, it will subsequently become clear that the
choice of elastic material results in a simplification
in the manufacture of the heart valve prosthesis,
improved safety with respect to tearing of seams and 3
smaller number of such seams, which also improves the
tolerance of the prosthesis.  This is because in many
cases a concealed (and therefore .invisible)
circumferential seam in the region of the collar 2 will®
" be sufficient, if necessary with a vertical seam 7..
From the developed view of the enclosed suppoxrt
la according to Fig. 2, it can be seen that the
indentations § are located exactly opposite the support
arms 4, on the same generatrix 8 which forms a common
axis of symmetry. The rather flat projections 5 are
located between the indentations &. The generatrices
8 preferably form a gentle cone, the geometry of which
will be discussed with reference to Fig. 3 to S5a. The
height B from the outermost tip of the support amms 4
to the ends of the pi:ojections S is smaller than the
maximum diameter of the support la shown in Fig. l.
To make it easier to pull on the material 3 -
with an optimal anatomical fit - it is expedient if the



nore than twi ce the radius of curvature R of the support 2(f
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advant ageousl y bei ng | ocated somevx/nat fdrther, for exarrpl e a distance a2 of -

oITlmerhéth!srB;wsRﬁ of textile or plastic material is expel

cunferential lines 9 and 10, the circunt
neath the base 4a of the support arns 4
of about 1 mm- the 25 CI rcunferential line 10
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radius R which corresponds to not more than one eighth
of the diameter of the support la - measured in the
region of the collar 2 shown in Fig. 1. On the other
hand, it .is advantageous if the indentations 6 are
relatively flat, the radius of curvature 2R prefrably
corresponding to not more than twice the radius of
curvacture R of the support arms 4. The collar 2
¢onsisting of textile or plastic material is
expediently mounted between the two cixcumferential
lines 9 and 10, the circumferential 1line 9 being
located underneath the base 4a of the support arms 4 -
preferably at a distance al of about 1 mm - the
circumferential: line 10 advantageously being ldcat.ed
somewhat further, for example a distance a2 of about 2
mm, from the edges of the indentations §. The height
h of the indentations 6, that is to say the ﬁeight of
the arrow from the free end of the projections S to the
lowest point of the imdentation 5, should expediently
be not more than 0.2 mm, ,

The wall thickness W of the flat support ia can
be relatively uniform and not more than 1 mm, but Fig.
3 to 5a are intended to show that nonuniform wall
thicknesses are also possible within the scope of the
invention. It should also be mentioned that Fig. 2
shows an equidistant arvangement of the support arms ¢,
i.e. an arrangement distributed symmetrically over the
circumference of the adnnular element la, but that, as

has also alxeady |Dbeen proposed' -  asymmetxic

arrangements are likewise possible. Thus, by means of
different spacings between the support arms 4, the fact
Eha_t the biological material is generally not uniformly
availabple for the heart prosthesis 1is taken into
account. For example, if the spacing of the three arms
incxeases in the <clockwise ox counterclockwise
direction, an anqular sequence of 110°, 120° and 130°

proving particularly advantageous, different biological

REP?A&%#&NT Sheer

y nount ed
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fromthe free end of the projections 5 to the | owest point

| d expediently be not nore than 0.2 mm hEpL‘QTt"I“E%SHEET |
thlc flat support la can be relatively unifor
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he scope of the present invention, and D! l’rgnﬁﬁelgg-i

more 35 than 1° It should al so be nentioned that Figure 2

circumstances can be catered for with these two
embodiments. '

Fig. 3 shows a section through the support la,
in which the arms 4 make an angie a, preferably of noc
more than 8°, with a loﬁgitudinal axis or with a line

L parallel ‘thereto, so that the vertical angle of the
support arms 4 converging from two opposita sides of
the annular element 1la is finally 2a. In this
embodiment, the wall thickness W in the region of the
. support arms 4 is relatively uniform; it may taper
slightly towards the free ends of the arms 4, while the
region located underneach the base 4a in between can be
reinforced in its cross-section A, that is to say
arched inwards. This gives the support arms 4
increased mobility and elasticity which suppcfts its
- function at a point in constant movement and, owing to
its greater adaptability, makes the praosthesis more
suitable for use in a very wide range of positions.

In the case of Fig. 4, too, the outer surface
of the support arms 4 is conical with respect to the
longitudinal axis of the support la, as is preferred.
Here, however, the internal diameter of the support is
the same over the height of the support arms 4, so that
the inner cavity - ‘in the region of the support arms 4
- is to be regarded as cylindrical. 1In addition to
this conical embodiment of the upper support arm region
of the support la, the lower region too, which includes
| the projections 5 and the indeantations §, can be in the
form of a coné which cpens in a downward direction and
has a .slisjhtly larger cone angle al, where al may be,
for example, about 2° larger than a. If, for example,
« is 6°, «l is 8°.

The transition from the upper region of the
support arms 4 to the lower region of the projections
S is preferably via the outer (and inner) curvature.
The rédius Rl of this curvature is not critiéal and may
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t-heTlss I'e an arrangenent distributed symetricaljly ovel m
Ci rc e annul ar el ement la, but that, as has a smatatre% -----

prop c arrangenents are 5 | i kew se possi bl &
means. of different spaC| ngs between the &upport arm4, the fact that the

bi ol ogi cal- nat eri raII not U|forn1 avai ablefor t he
" 09 be, at‘a x%.mpel ? 'F‘u.s also improves the

rectention of the collar 2 - where it is used -~ and of
course the transition from the.upper to the lower
region is therefore close to the line 10 described
above with reference to Fig. 2.

As shown in Fig. 4a by means of a section, an
annular region 11 which-has a cross-section tapering
inwards to a point and imparts greater stability there
to the support la while fully retaining the elasticity
of the support arms, can be provided between the

- projecting support arms 4 and the projections 5 forming
- similarly to Fig. 4 - a lower cone of relatively
great divergence. For reasons relating to medical
technology, however, a ¢onr.inuously rounded transition
is generally provided between the upper and the lower
region. The fact that the wall thickness of the
support arms 4 tapers at an angle aq2 towards their free
ends in such a way that the free end is, for example,
about 20% narrower than the base of the particular
support arm 4 helps to increase the elasticity in the
case of Fig. 4 and 4a.

If Fig.' 4a also shows an annular i:egion i1
tapering inwards to a point, it is of course true that
an inner curvature, for example having the stated
radius R1l, is preferable. Larger radii of, for:
example, 30 mm (cf. Fig. S) arxe preferable to smaller
radii (cf. Tig. ©5a) because they permit better
adaptation to the particular function. Thus, the
embodiment according to Fig. 5 appears to be optimal;
it has an upper cone having & vertical angle of, foi:
example, 6° and a lower cone having a vertical angle

of, for example, 8°, in conjunction with tapering of

the support arms 4 towards their free ends, and an
inner curvature having a radius R1.

_ In this sense, it is possible first to
prefabricate supports 1la of different diameters,
preferably from 17 mm to 33 mm at the base B. In order



heart' prosthesis is taken into account. For exanple, if the ; WL@A@'E?:{EM*@{EET.

three ar¥his Sh cedhe cl ockwi se 10 or countercl ockwise direction,
an angul a l 110[err], 120[err] and 130[err] provi mate . 1.0 MAR 1997
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created for wwth these two enbodi nents. Figure 3 shows a section through
the support la, 15 - in which the arns74 nmake an angle a, preferably of
not nore than 8[err], with a longitudinal axis or with a line L parallel
t hereto, so shbhsegentdyt ittal forml £ héattevalve prosthesis 1 shown

in Fig. 1 therefrom, a textile covering 3 must be
provided - in the manner described. In practice, a
human (Lf desired also an animal) pulmonary or aortic
valve Is stoted either in a nutrient solution (together
with antibiotics and other substances) and is sewn to
the prosthesis shown shortly before use; alternatively,
the already combined components of the prosthesis are
storeg or irozen together in a autrient solution until
- . they are required. This also ensures a high rats of
cell surxvival, and the prostheses produced in this
mannexy can be used in four different positions.
' A large numper of modifications are possikle
within the scope of the invention: although the
tapering with the angle «2 (Fig. 4) was descr.j.hed with
referénce to the support arms 4, it is advantageous if
the proiections 5 also taper, as illustrated in
particular by the preferred embodiment according to
Fig. 5, with the result that th_ese projections §, toco,
impart improved elasticity.
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owing to its greater adaptability, 25 makes the pr sui tabl e
for use in a very w de range of BATENT CRAIMEN t he casH“‘ n lﬂ t 0o,
the outer surface

1. | Support of a plastic material for a heart valve
prosthesis, which support has, at one axial end,
axially projecting support arms distributed over the.
circumference 'and rounded at the free end, having a
covering, for fastenind biological heart valve
material, characterised in that the support (la) is
formed as a single piece from flat, closed, preferably
thermoplastic material which itseli has an
approximately hollow cylindrical or hollow conical
shape. _ .
2. Support according to Claim 1, characterised in
that its wall thickness (W) tapers towards the free
ends of the support'ams (4).
3. Support according to Claim 1 or 2,
characterised in that axial indentations (6) are formed
.in the axial support end opposité the free end of the
sﬁppcrt arms (4) ', between which indentations
projections (3) are located, and that the normal
distance from the free end of a projection (5) to the
lowest point of the j.ndent:ation (6) adjacent to it is
not more than 0.2 mm. '
4. .SupporE according to Claim 3, characterised in
that the wall thickness (W) of the support (la) tapers
towardé the free ends of the projections (3), starting
frem a reinforced annular ©region, and/or the
projections (5) ~diverge conically in the axial
direction by a predetermined angle (al) of not more
than 8°, preferably not more than 4°.

5. support according to any of the preceding
- Claims, characterised in thatc the support arms (4)
converge towards one another conically in the axial
direction'by a predetermined angle (a2) of not more
than 8°, preferably not more than 6°.

6. Support according to any of the preceding
* claims, characterised in that at least one of the



of the-support arnms 4 is conical wth respect to the |ongitydrmmar axrs ot
t he sgﬂﬂort la, as is preferred. 30 Here, however, the intRFHACEHENEBREET
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same over the height of the support ajjns 4, $@ VARt 1997
the i "jﬂﬂ!’/l“ﬂ’ﬂ'"ﬂ't he region of the support arnms 4 - is tH#%e-reqgarded -

as cylindrical. In addition to this conical erbodi nent of the upper support
armregion of the support 35 1a, thg | ower region too, which includes
the projections 5

fecllowing features is present:

a) the support arms (4) are rounded at the free end,
the radius of curvature (R) being not more than one
eighth of the diameter of the support (la) -~
measured at the base (4a) of the support arms (4);

b) the total height (#) of the support (la) corresponds
to not more than its diameter;

c) the wall thickness (W) of the support (la) is not
more than 1 mm.

7. support according to Claim 6, characterised in

that -the indentations (6) are rounded, the radius of

curvature (2R) preferably corresponding to not more
than twice the radius of curvacture (R) of the free ends

of the support arms (4).

8. - Support accoxding to any of the preceding

Claims, characterised in that the support arms (4) are

different distances apart, said spacing correspoading

in particular to an arithmetic series.

—_—_—
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PATENT CLAIMS

1. Support of a plastic material for a heart valve
prosﬁhesis, comprising:
- at one axial end, axially projecting support arms
distributed over the circumference and rounded at the
free end; o
- axial indentations opposite the free end of said
support arms, between which indentations projections are
located;.

- a covering, being intended for fastening biological
material, and

being formed as a single piece from flat, closed material
having an approximately hollow cylindrical shape and an
annular reinforced region from which the wall thickness
of the support tapers towards the free ends of the
support arms as well as it tapers towards the free ends
of the projections. '

2.. Support according to claim'1, characterised in that the

outer surface of the support arms form an upper cone with
respect to the longitudinal axis of the support,
converging towards the free ends of the support arms.

3. Suéport according to claim 1 or 2, characterised in

that the projections form a lower cone which is divergent

with respect to the longitudinal axis of the support.

4. Support according to claim 3, characterised'in that the
angle formed bétween the lower cone with the longitudinal
axis of the support is greater than the angle formed

between the upper cone with the longitudinal axis of the
support.

5. Support according to any of the preceding claims,
characterised in that a collar is provided retained on
the outside of the support, representing - or in addition
to - the annular reinforced region.

_\'\—
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adius_RlL of this curvature is not critical and may be, forj

rm“l mlJH &ullﬂﬂmves t he 10 retention of the collar
used he transition fromthe upper to the
therefore closeé to the line 10 described above with refere
As shown -in Figure 4a by neans of a section, an 15 annul ar region 11
which has a cross-section tapering inwards to a point gpghdadgarts greater

stability there to the support la while fuIIy retaining the elasticity of
t he

FERT e

...................

6. Support according to any of the preceding claims,
characterised in that the reinforcement of the annular

region projects inwardly.

7. Support according to any of the p’recedi_n‘g claims,
5 characterised in that the collar is made entirely of -
textile material. '
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projections 5 formng - simlarly to Figure 20 4 - a |lowgr cone
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however, a continuously rounded transition is generally prov
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support arns 4 tapers at an angle a2 25 towards their free ends in such
a way that the free end is, for exanple, about 20% narrower than the base

of the particular supporgupporRf FORPA HBARTCVREVE PROsPHESIECItY

ABSTRACT

A heart valve prosthesis (1) is formed from a support
(1a) having a textile covering - (3). The support (la) is
formed as a single piece and consists of flat, closed,
preferably thermoplastic material which itself has an
approximately hollow cylindrical or hollow conical shape.

Figure 1




inthe case of Figures 4 and 4a. Figure 4a al so shows an annu

30 tapering inwards to a point. An inner curvature, for ¢ %ﬁ%@%&%%“’iﬂ

the stated radius Rl, is preferable. Larger radii of, for exa .3
(of Figure 5) are preferable to smaller radii (of Figure 5a) 52%5'6'(?“(%8"'19’91"
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permt better adaptation to the particular function. 35 Thus, the
enbodi nent according to Figure 5 appears t(i/lie
1
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SUPPORT FOR A HEART VALVE PROSTHESIS

The invention relates to a support according to
the precharacterising clause of Claim 1.

Such a support
is known eg from EP-A~0 143 246,

The known prosthesis used in cardiac surgery
contain a crown-shaped support

of metal or of both materials.

long, often wire-like elements

of plastic, but generally
They consist in general of
which are predominantly not
very elastic and are often joined by soldering or welding.
This results in poor adaptability, especially since the
joints then become brittle, but in some cases also
relatively poor tolerance, not least because the textile
covering generaily applied to the support then requires
several seams in order to hold securely on the wire

skeleton of the support, with the result that strength

problems may also occur and manufacture is made more

difficult. Typical heart valve prosthesis of this type

are described in US Patent 3,570,014 or US Patent
3,755,823.

The EP-A-0 143 246 shows a support for a heart
valve made from plastics material, whereby a lot of

openings shall insure the fastening of a cover. Also US-

A-3,983,581 describes a support for a heart valve made

from plastic material and having an approximately hollow

cylindrical shape. US-A-4,364,127 describes a support for

a trileaflet heart valve, wherein three struts upstanding
from a ring shaped base taper in thickness from a thicker
base to thinner tips in order to provide variable
flexibility from the base to the tips.

It is an object of the invention to design a
support for a heart valve prosthesis of the type stated at

the outset in such a way that the adaptability and

tolerance are improved, strength probléms being avoided.

This is achieved according to the invention by the
characterising features of Claim 1.

The two-dimensional embodiment ensures both
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m atextile
covering 3 nust be provided - in the manner described. In prasti.cd,8 SERuAGET .
(if desired also an animal) pulnonary or aortic valve is st ' '

nutrient solution (together with antibiotics and other substances) and is
sewn to the 15 prost hesis shown shortly before use; alternatively, the

al ready conbi ned conponents of the prosthesis are stored or frozen together
in a nutrient solution until they are
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flexibility and adaptability, the one-piece embodiment
making solder connections or the like superfluous, which
is advantageous on the one hand for the strength and
durability and on the other hand for easier manufacture.

5 The elasticity and flexibility of the support arms is
improved. The indentations between the projections permit
‘the accommodation of excess biological heart valve
material, which is fastened in a known manner to the
support or to its textile covering. It is true that

10 similar indentations were present also in an embodiment
according to US Patent 4,259,753, which attempted to
overcome the previous disadvantages by avoiding long
support arms, and of course with acceptance of the other
disadvantages mentioned.

15 In particular, the embodiment, according to the
invention, of the support provides such great adaptability
that the heart valve prosthesis can be used equally,
the position of mitral or trichospidal valves.

in

Further details of the invention are evident
20 from the following description of embodiments shown
schematically in the drawings.

Figure 1 shows a support according to the
invention before attachment of the biological heart valve
material;

25 Figure 2 shows the developed view of a support

formed according to the invention; and

Figures 3 to 5a show various cross sectional
forms, whereas the embodiment of Figure 3 does not fall
within the scope of the invention but it is used for

30 illustrative purposes only. '
Figure 1 shows a heart valve prosthesis 1 having
- an annular support la according to the invention in an

oblique view with partly removed textile covering 3, which

coyérs the annular support la together with a collar 2

35 mounted thereon. As can be seen, the support la consists
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of flat material, in particular of a thermoplastic, so

that it can be produced easily and economically, for
example by injection moulding. |

The support la possesses, in a known manner,
three axially projecting support arms 4, ihe free ends of
which are rounded in the manner to be described
subsequently with reference to Figure 2. Projections 5
and indentations 6 are arranged alternately at the axial
end of the support la, opposite the support arms 4, in
which indentatigns any excess biological heart valve
material, which is to be flattened in a conventional
manner over the support arms and is to be fastened to the

collar 2, can be accommodated:. As will be explained

subsequently, the support l1a - in contrast to the prior
art ~ is relatively flexible and elastic, and expediently
only the middle region between the base region 4a of the
support arms 4 and the indentations 6 can be reinforced,
as is evident from Figures 4a and Sa. '

The textile covering 3 is expediently elastic
and consists, for example, of a network fabric, because
such a fabric has sufficient intrinsic elasticity - even
when conventional, biologically tolerated textile material
is used. In practice, a USCI product, Adavison, from C R
Bard, Catalogue No 007831, has proved expedient. This is
all the more -surprising since nonelastic coverings have
been chosen to date; however, it will subsequently become
clear that the choice of elastic material results in a
simplification in the manufacture of the heart valve

prosthesis, improved safety with respect to tearing of

seams and a smaller number of such seans,
improves the tolerance of the prosthesis.

which also

This is because
in many cases a concealed (and therefore invisible)

circumferential seam in the region of the collar 2 will be
sufficient, if necessary with a vertical seam 7.

From the developed view of the enclosed support
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Support (la) of a plastic materi al for %%%%MW%EET
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la according to Figure 2, it can be seen that the
indentations 6 are located exactly opposite the support
arms'4, on the same generatrix 8 which forms a common axis

of symmetry. The rather flat projections 5 are located

5 between the indentations 6. The generatrices 8 preferably

form a gentle cone, the geometry of which will be
discussed with reference to Figures 3 to 5a. The height H
from the outermost tip of the support arms 4 to the ends
of the projections 5 is smaller than the maximum diameter
10 of the support la shown in Figure 1.

To make it easier to pull on the material 3 -
with an optimal anatomical fit - it is expedient if the
support arms 4 are rounded at their free ends with a
radius R which corresponds to not more than one eighth of
the diameter of the support la - measured in the region of
the collar 2 shown in Figure 1. On the other hand,

15

it 'is
advantageous if the indentations 6 are relatively flat,
the radius of curvature 2R preferably corresponding to not
more than twice the radius of curvature R of the support

20 arm 4. The collar 2 consisting of textile or plastic
material is expediently mounted between the two
circumferential lines 9 and 10, the circumferential line 9
being located underneath the base 4a of the support arms 4
- preferably at a distance al of about 1 mm - the

circumferential line 10 advantageously being located
sonewhat further,

25

for example a distance a2 of about 2 mm,

from the edges of the indentations 6. The height H of the

- indentations 6, that is to say the height of the arrow

from the free end of the projections 5 to the lowest point
30 of the indentations 6,

‘ 0.2 mn.

should expediently be not more than

The wall thickness W of the flat support 1a can
be relatively uniform, which is, however, not within the
scope of the present invention, and can be not be more

35 than 1 mm. It should also be mentioned that Figure 2
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region fromwhich the wall thickness of the support tapers towards the free

ends of the support arnms (4) as well as it tapers towards the free ends of
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shows an equidistant arrangement of the support arm 4, ie
an arrangement distributed symmetrically over the

circumference of the annular element 1la, but that, as has

also already been proposed, asymmetric arrangements are

5 likewise possible. Thus, by means of different spacings

between the support arm 4, the fact that the biological
material is generally not uniformly available for the

heart prosthesis is taken into account. For example, if

the spacing of the three arms increases in the clockwise

10 or counterclockwise direction, an angular sequence of

110°, 120° and 130° proving particularly advantageous,

different biological circumstances can be created for with
these two embodiments.

Figure 3 shows a section through the support 1a,
in which the arms 4 make an angle a, preferably of not
more than 8°, with a longitudinal axis or with a line L
parallel thereto, so that the vertical angle of the

support arms 4 converging from two opposite sides of the
annular element la is finally 2a.

15

The region located
underneath the base 4a in between the support arms 4 is

reinforced in its cross-section A, that is to say arched
inwvards.

20

This gives the support arms 4 increased mobility
and elasticity which supports its function at a point in
constant movement and, owing to its greater adaptability,

makes the prosthesis more suitable for use in a very wide
range of positions.

25

In the case of Figure 4, too, the outer surface
of the support arms 4 is conical with respect to the
longitudinal axis of the support la, as is preferred.

30 Here, however, the internal diameter of the support is the
' same over the height of the support arms 4, so that the
inner cavity - in the region of the support arms 4 - is to

be regarded as cylindrical. In addition to this conical
embodiment of the upper support

arm region of the support
35 la, the lower region too, which

includes the projections S




projections (5). 2. Support (la) according to Caim o
20 in that the outer surface of the support arns (4) fr:lﬂéﬁygﬁﬁy ﬁiéﬁggT
Wi th respect to the |ongitudinal axis of the support, conve

, rai.ng honargs -
the free ends of the support arns (4). 3. Support ( Qﬁgﬁﬁ'r‘ '”&yz"

>
Claim1 or 2, 25 characterised in that the projections (5) forma | ower

cone which is divergent with respect of the |ongitudinal axis of the
support (la).

and the indentations 6, can be in the form of a cone which

opens in a downward direction and has a slightly larger
cone angle al, where al may be, for example, about 2°
larger than a. If, for example, a is 6°, al is 8°.

The transition from the upper region of the
support arms 4 to the lower region of the projections 5 is
preferably via the outer (and inner) curvature. The
radius Rl of this curvature is not critical and may be,
for example, 15 to 45 mm. This also improves the
10 retention of the collar 2 - where it is used - and of

course the transition from the upper to the lower region
is therefore close to the line 10 described above with
reference to Figure 2.
' As shown in Figure 4a by means of a section, an
15 annular region 11 which has a cross-section tapering
inwards to a point and imparts greater stability'there to
the support la while fully retaining the elasticity of the
support arms, is provided between the projecting
arms 4 and the projections 5 forming - similarly to Figure
20 4 - a lower cone of relatively great divergence. For
reasons relating to medical technology, however, a

continuously rounded transition is generally provided

support

between the upper and the lower region. The fact that the
wall thickness of the support arms 4 tapers at an angle o2
25 towards their free ends in such a way that the free end
is, for example, about 20% narrower than the base of the
particular support arm 4 helps to increase the elasticity
in the case of Figures 4 and 4a.
Figure 4a also shows an annular region 11
30 tapering inwards to a point. An inner curvature, for
example having the stated radius R1, is preferable.
Larger radii of, for example, 30 mm (cf Figure 5) are
preferable to smaller radii (cf Figure Sa) because they
permnit better adaptation to the particular function.

35 Thus, the embodiment according to Figure 5 appears to be



4.

Support (la) according to any of the preceding clains,

that a collar (2) is provided 35

(1a).

10

15

20

25

Support (la) according to Caim3, characterised
angle ([err]1) formed between the [ower cone with 30
axis of the support (la)

is greater than the angle ([err]2) bgtrer_rp_q.g_)_ggmmzm
t he upper cone with the | ongitudinal

t he Pongltu di nal

axi s of the support (lia
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characteri sed

optimal; it has an upper cone having a vertical angle of,

for example, 6° and a lower cone having a vertical angle
of, for example, 8°, in conjunction with tapering of the
support arms 4 towards their free ends,

curvature having a radius R1.

and an inner

In this sense, it is possible first to
prefabricate supports 1la of different diameters,

preferably from 17 mm to 33 mm at the base B. In order

subsequently to form a heart valve prosthesis 1 shown in

Figure 1 therefrom, a textile covering 3 must be provided

- in the manner described. In practice, a human (if

desired also an animal) pulmonary or aortic valve is
stored either in a nutrient solution (together with
antibiotics and other substances) and is sewn to the

prosthesis shown shortly before use; alternatively, the

already combined components of the prosthesis are stored

or frozen together in a nutrient solution until they are

required. This also ensures a high rate of cell survival,

and the prosthesis produced in this manner can be used in
four different positions.

Although the tapering with the angle a2 (Figure
4) was described with reference to the support arms 4,
according to the invention the projections 5 also taper,
as illustrated in particular by the preferred embodiment
according to Figure 5, with the result that these

projections 5, too, impart improved elasticity.

retained on the outS|de of the support



9- 6. Support (la) according to any of the precedi ng|lChapbiEcemENT SHEET
char '

i nwar d
char ac

gn prOJ‘f t
hmlmnunn T SRR R S L L

10

15

20

25

30

35

in that the reinforcenent of the annul ar regi(¢

CLAIMS

1. Support (la) of a plastic material for a heart

valve prosthesis, comprising: .
- at one ax1a1 end, axially proyectlng support

arms (4) distributed over the circumference and rounded at
the free end;

- axial indentations (6) opposite the free end
of said support arms (4), between which indentations (6)
projections (5) are located;

~ a covering (3), being intended for fastening
biological material, and

being formed as a single piece from flat, closed
material having an approximately hollow cylindrical shape
characterised in that it has an annual at least partly
reinforced region from which the wall thickness of the
support tapers towards the free ends of the support arms
(4) as well as it tapers towards the free ends of the
projections (5).

2. Support (la) according to Claim 1, characterised

in that the outer surface of the support arms (4) from an
upper cone with respect to the longitudinal axis of the
support, converging towards the free ends of the support
arms (4). |

3. Support (la) according to Claim 1 or 2,
characterised in that the projections (5) form a lower
cone which is divergent with respect of the longitudinal
axis of the support (la). '

4. Support (la) according to Claim 3, characterised
in that the ahgle (al) formed between the lower cone with
the longitudinal axis of the support (la) is greater than
the angle (a2) formed between the upper cone with the

longitudinal axis of the support (1a).

5. Support (la) according to any of the preceding

claims, characterised in that a collar (2) is provided
retained on the outside of the support (1a).
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6. Support (la) according to any of the preceding
claims, characterised in that the reinforcement of the
annular region projects inwardly.
7. Support according to any of the preceding

5 claims, characterised in that the collar (2) is made
entirely of textile material.



