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

The known prostheses used in cardlac surgery
contain a
generally of metal.or of both materials. Théy consist
in general of lbng,.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 joihts then become
brittle, but in some cases also relatively poor
tolerance,_ not least because the textile bovering
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, -

It is'the ocbject 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 charactefising features of Claim 1.

The two-dimensional embodiment ensures both
flexibility aﬁd adaptability, the one—piece_embgdiment
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
C‘a*m 2. The embodzment hav;ng-lndentatlons between

DrOJectlons, ac,orulng .to Claim 3, permlts the

accommodation -of excess biological heart valve
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material, which is fastened in a known manner to the
support or to its textile covering. It is true that
simil'ar indentations were present-also.in an embodiment
according to U.S. 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.

In pa.rt.:.cular, the embodiment, accord:.ng to the
invention, of the support provides such great
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 shown
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

' according to the invention; fes—wirich

' to 5a show various cross-sectional forms.

)
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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.

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, 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
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
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conventional manner over the support arms and is to be

o

fastened :c-t;he collar 2, can be accommodated. As will
be explained subsequently, the support la - 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 indencations §
can he reinforced, as is evident from Fig. 4a and Sa.

The textile covering 3 is expediently elastic,

w

_ 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

[
tn

'since nonelastic coverings have been chosen to dats;
however, it will subsequently become clear tha: the
choice of elastic material results in a simplificacion
in the manufacture of the heart valve prosthesis,
improved safety with respect to tearing of seams 2and a
20 '_sr_naller number of such seams, which also improves tle
tolerance of the prosthesis.  This is because in many
cases a concealed {and therefore invisiblsa)
circumferential seam in the region of the collar 2 will
<

be sufficient, if necessary with a vertical seam 7.

[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
£0 the ‘ends of the projections 5 is smaller than the

maximum cdiameter of the support la shown in Fig. 1.

-

[#Y]
in

To make it easier to pull on the material 3 -
with an optimal anatomical f£it - it is expedient iI the
: N
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support arms 4 are rounded at their free ends with a

4

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
hand, it dis advantageous if the indentations § are

w

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 circumfaersntia

| 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

4

circumierential line 10 advantagecusly Dbeing locatsd

-

3

scmewnat further, Zor example a distancz a2 of about 2

gt
tn

-

mm, Izom the edges of tThe indentations 5. The he‘cn-

-

n of the indeatations 3§, that is to say the height of

1

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

be relatively uniform and not mors than ! mm, dut Fig.
3 To 3a are intended %o show that nonuniform wall

chicknesses ars also possible within the scope of the

ZSs invencion. It should also e mencioned that FTig. 2

shows an equidistant arzangement ¢f the suppor:t aras +,

i.s. an arrangement distTibuted symmetzically over the
c;::umference of the annular =2iemenct la, Zut thaz, &s
nas also al-aady Deen o-oposed - gsymmet=ig

(9% ]
o

rrancements are likewise possidble. - Thus, bv means of
iiZferent spacings between the suppor:t arms &, the facs

- de

thnat the biological material is generally not uniformiy

available for the hear:t prosthesis is taksn ints
account. For example, if the spacing of the three arms

inczeases in the clockwise or countarclockwise

[9Y]
(8]

- o - a ” < 3
direction, an angular seguence of 1107, 120 and 120

a*“cul ly advantageous, dilisrent Ziological
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irzumstances can be catered for with ﬁhese two
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 longltudlnal axis or with a line

w

L parallel thereto, so that the vertical angle of the
support arms 4 converging Irom two opposita sides of
the annular element 1la is finally 2. In this

embodiment, the wall 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

§e

reinforced in its cross-saction A, that is to say

rched inwards. This gives .the support arms 4

in

increased mobility and elasticity which supports its

function at a point in constant movement and, owing ta
its greater adaptability, =makes the prostihesis more
suitahle for use in a very wide range of positions.

Tig. 4, too, the outer surface

-

In the case of

-

20 of the suppor: arms 4 is csnical with respect to 3¢
longitudinal axis of the support la, as is preferzed.
¥ers, howsaver, the internal diameter of the support is
‘the same over the height of the support azms 4, so that

the imner cavity - in the region of the support arms 4

[
[§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 a, can be in the
Zorm of a cone which cpens i1 a downward diraczion and

t.)
o

has a slightly 1 ge* cone angle al, whers «i may be,
foxr example, about 2° larger than «. I£f, for example,
c is §°, «l is 8°.

The &transition from the upper region of the
support arms 4 to the lower region of tie projections

35 is preferably wvia the ocuter (and inner) curvature.

tn

The radius Rl of this curvature is not critical and may
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be, f£or example, 15 to 45 mm. This also improves the

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

As shown in Fig. 42 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 formin
- similarly to Fig. 4 - a lower cone of zralativel

-

"ﬁ

great divergence. Tor resasons raelating to medical

tachnology, however, a continuously rounded transition
is generally provided between the upper and the lower
ragion. The £fact that the wall thickness of the
rds their free

SuUppOrtT arms 4 tapers at an angle a2 tow

ends in such a way that the fzee end is, for exampls,

~about 20% narrower than the base oI the paxticular

~ 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
radius R1, is prafe:able. Larger radii of, ZIor

example, 30 mm (cZ. Fig. 3) are praferable %o smalier
o

empodiment according o Fig. 5 appears To de optimal;
a

it has an upper cone havin ng ve.rt:'.cal angle of, fcr
example, o° and a lower cone having a verzical angle
0f, Zor example, 83, in conjunction with tapering of
the support axms 4 towards their free ends, and an
inner curvature having a radius RL1.

In this sense, it is possible Zirst to

a I different diameters
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suBsequencly to fora a heart valve prosthesis 1 shown

in rig. 1 therefzom, a textile covering 2 must be

provided - in the manner described. In practice, a

human (if aesz.::ed also an animal) pulmonary or aortic
valve is stored either in a nutzient solution (together
with antibiotics and other substances) and is sewn to
tae pros..‘.esls shown shortly before use; al ternatively,
the aiready combined components of the prosthesis ar
stored or Izozen together in a nutrient solution until
they are required. This also ensures a nigh rate of

b

cell suxvival, and the prostheses produced in this

.danner can be used in four different positions.

A large number of modifications ars possible

within the scope of the iavention: although the

-~ w1h~

tapering with the angie «2 (Fig. 4) was described witl
zefarsnce to the support axms 4, it is advantageous 11
X broieczions 3 also taper, as illustrated in

particular by <the preifsrzred embodiment accoriing o

Tig. 5, with the result that these projections 3, 2o,
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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
ircumference 'and rounded at the free end, having a
covering, for fastening biological heart valve
material, characterised 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. .
Support according to Claim 1, characterised in
that'its wall thickness (W) ctapers towards the Z-ese
ends of the suppor:'arms (4).

3. Suppor:z according to Claim 1 or 2,
charac=erxised in that axial indentations (&) are forred

0]
h

.in the axial support end opposite the Zree end
supporT | arms (4), hetween which Indentations
proﬁecticns (3) are located, and that the normal
istance Zrom the fxee end of a projection (5) to the
iowest.point of the _ndenta; on (8) adjacent to it is.
not mores 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

fixom a reinforced annular region, and/ocr The

orojections {3} diverge <conically 1in the axial
direczion bv & predetermined angle (gi) oI not mox=2

o

zhan 8°, preferably not more than 4.
. Support according to any .of the poreceding
Claims, characterised in that the support aras (%)
converge towards one another conically in the axial
irection by a predetermined angle («2} of not more
than 8°, pi‘e__ferably not more than 6°.

6. Support acccrding to any of the preceding

Claims, characterised in that at least one o0of the
. . e
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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);
5) the total height (H) 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 &, 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 corresvonding

in partzicular t9o an arithmetic series.

—
N0 0 o
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