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PROCZESS AND APPARATUS FOR THE PRODUCTION OF ‘A YEART
VALVE PROSTHESIS

The invention relates to a process according to
the precharacterising clause of Claim 1 and to an

The known prostheses used in cardiac surgery
contain a crown-shaped annular element of plastic, but
generally of metal or of both matarials. They consist
in general of long, oftan wirs-iike elements which ars
predominantly not very slastic and are often joined bv
soldering or welding. This ©results in poor
acdaptability, especially since the joints then become
le, Dbut in some casas also xzelatively pocr

tolerance, not least becaise the taxtile cavering
e

generally applied to the annular siement then -esguixrss
severzl seams in order to hoid secursly on the wize

skeleton of the annular siement, with the Zasul:z <har

't

sTrength prodlems may also oczur and manufacztuze is
made mors difficult. Typical heart valve prostiesas of
this type are described in U.3. Fatent 3,370,081z cor
¥.S. Patent 3,753,823,

It is the object of the invention to design 2

s)

sart vaive prosthesis of the Type statsed at the outsec
in such a way that the adaptapility and tslsrance axs
improved, strengtil o oblems ne-uc avoided. This is
achisved according  To the invention oy the
gharacserising Z=zatures of Claim 1.

3y means of The 2rocess- according o tie
invention, %the =textile covering is mountad on the
annular element with a minimum of seams. Thus, on tle
one hand, the tolesrances improves since a pluralizy of
thick seams is avoided but <the str2ngth is alsc
improved as a ssult, since seams aiways sentall 2

mechanical risk. It would of couxrse also be possibla

to apply the process according to the invention to

conventional annu- ar s2lements, but it is gracisely in

re
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combination with such a support which results in an

2

optimum which has a form according to a simultaneously
submitted patent application and is shown hers. |
Although the process according to the invention
5 could also be realised without an apparatus of a
particular type, the apparatus according to the
invention according to Claim 6 not only coasiderably
‘helps and facilitates the implementation of the process
and the production of a prosthes;s according to the
0 invention but also guarantees uniform qualic through
the c¢lamping apparatus provided according 2o the
invention. '
Further details of the invention are savident
Ixom the following description of embodiments shown
is schematically in the drawing.
Tig. 1 shows a heart valve prostiesis according <0 tiae
invention before attachment of the biologicali

heart wvalve mataria 1;

Tig. 2 <o & show %tie successive steps in carrying out
20 the process' acgording tTo the Iinvention,
starting from a2 rect tangular piece oI material
according To FTig. 2; and
Tig. 7 shows an apparatus acsording to the invention

for car-ving out this process.

[3¥]
n

Fig. 1 shows an oblique view oI a heart valve
orosthesis 1 according t©o the inventian with parcly
removed textile covering 3, which covers an ann'la:
supporT la together with a.collaf 2 aczached thersco.
As c¢an be seen, the annular siement la consists oI Ilac
30 material, in parzicular of a thermoplastic, so that iz
can be produced easily and economically, Zor exampis by
injection moulding.

The support la possesses, in a manner nown jer

se, three axially projecting support arms 4, the -1

(%]
tn

ends of which are rounded. Projections I anc
indentations 6 ars arranged alternmately on the axial

end, the base 3, of this support la, which 2nd Is

'SUBSTITUTE SHEET




WO 92/19185

wn

10

tn

(¥ )
o

(28]
n

(V9]
w

This Sheet Has Been R

W, emm——

REPLACED

oppasite the support arms 4, it being possihlé for any
excess biological heart valve material which is to be
flattened in a conventional manner over the jsuppor‘.‘
arms and is to be fastened to the collar 2 to be
accommodated in said indentations.

The textile covering 3 is elastic and consists
expediently 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, Zzom
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 elaszic
material results in a simplification in the manufacture
of the heart valve prosthesis, improved safety wizla
Tespect TO :éaring of seams and a smaller number oI
such seams, which also improves the tolerance of :IRhe
prosthesis. This is because in many cases a concsaled
(and therefore invisible) circumferential seam in th
region of the collar 2 will be sufiliicient, LI necessary
with a vertical seam 7. '

In order to facilitate the process according to

it is

the invention - with optimal anatomical fi:c -

expedient i the suppor: arms 4 are rounded at théir
free ends with the radius R which corzesponds to not
more than one eighth of the diameter of the supporT la
in the region of its collar 2. On the'othe: hand, it
is advantageous iZ the indentations $§ ars reiatively
flar, the radius of cuxvaturs 2R preferacly
corresvonding to not more than twice the radius of
-

curvaturs R of the support arms 4. The collar 2 shown
n Fig. 1 and consisting of textile or plastic material

‘-Jo

is expediently mounted between two cizcumferential
lines, of which the upper cizcumifersnti line 1is
preferably located a distance al’ of about ! mm below'
the base 4a of the supporz arms & but the Llower
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circumferential line is advantageously slightly further .

away from the edges of the indentations 6, SO that 2a
disctance a2’ of, for example, 2 mm results. -
In this context, it is therefore possible firstT

W

to prefabricate annular elements 1a of different
diameters, preferably srom 17 mm to 33 mm at the base
3. In order thereafter to form a heart valve
prosthesis shown in Fig. 1 therefrom, it is necessary
+9 provide - in the manner described, a textile
10 covering 3, which state had to be produced f-om several

[
ot

jndividual parts, tediously and with several seams.

is therefore intended, with reference O Fig. 2 ©o &,
to describe the process according to the iavention, i1

1Y)

wnich, starting Irom 2 piece of naterial closed in
collar-like manner, a single seam 1is sufficient.

gt
u

According to Fig. 2, however, & prepared
cextile collar 1is notT available and mus< fizst De
procucad swom a recTangular piece of material in tle
manner shown. mnis piece ot material consists of

20 aerwork Zabric, Zor example 2 xnicced fabric, naving

1 (LTI 1]

sequence OL -elatively dense sczips 12 formed fzom waz

16 I ¢

thraads  and sparser-meshes 13 in between, wnich I

19}

pa::icular_give she textile covering 3 elasticity
=ne direction of the ar-ow A’ wnersas i+ has slightly
2S tass elasticity in =hne direction at -ight angles
shersto. A similax macerial has been put on tae markec
by USCZ, Aadavison, Zzom C.R. 3ard, USA, under Catalogue

No. 007831.
Whereas to dats aonelastic coverings wers used

®

30 in spite of the large aumper of seams -equized, =2

elasticity of the rextile covering 3 used accor2ing =2

(U]

the invention allows che latter =0 pe pulled over zh
support arms a4 and their base region 4a, jsfgrences in

length Dbeing elastically compensated. . of course, he

(V3]
(8]

covering 3 COnsists of medically oI piologically
=slerated textile matarial known pex se.

mwus, in order =2 obtain the requized coliarz

QU IRKTITUTE SHEET
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form according to Fig. 3, the rectangular piece of
material according to Fig. 2 is bent with its ends
towards one another, and the ends are then conmected to
one another by a vertical seam 7 (c¢f. Fig. l}. As can
5 be seen, it is preferable if the edges 14 of the
material are provided with a bead in order to increase
the strength of the seam 7. To aveid outward-
projecting material residues in the covered support la,
the c¢ollar with its bead on the inside according to
ig. 3 is expediently turned outwards before being
pulled into the support la.

The collar~like fabric sleeve thus formed is
pulled through theé annular element la fxom the inside
according to Fig. 4, so that the collar 3 is coaxial
with said annular element and the axial ends of the

PCT/EP92/01018,
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=
‘i

textile covering project above and below the annularz
alement. TFrom this explanation, it is of course clsaax
that Fig. 3 mersaly shows a section of the collar, which

v

- in order to be able to project above tThe suppor:T

te
1]

20 and below %the lattar - must have a diameter which

(W3]

substantially smaller than the length of the coilar

In any case, the upper projecting end 15 of the
covering 1 can thus be turned outwards and downwazds In
the manner shown in Fig. 4, whereas the Icwer

(3¢
[¥:]

projecting end 15 is turned outwards Irom the botIlom.
If a collar 2 (Fig. l) is to be aounted, it Iis

<‘

expedient if the lower end 16 is chosen to be sligh ATly
longer than the upper end 13, sincs it is intended zo
ze used Zor covering the collar 2. It is oi course

-

Fig. 4 shows the covering 3 in

v

30 also clear that
partiai ly cut away view with the central stxip omitzad,
since the collar 3 according to Fig. 3 does in Zact
form a closed hollow cylinder. This section view
acsording to Fig. 4 is merely intended to illuscIats

3s the path of the two ends 1iS and 16.

As soon as the two ends 15, 16 have been turaed

2. .

into the position shown in Fig. 4, all thac is stiil
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required is a circumferential seam 17 to sew together
the joining points 18 of the two ends 15, 16, which
joining points have been pulled together. If the -
starting material used was already a collar-shaped
5 £fabric,; for example 2 hollow network article, the seam
17 is the only seam required for the covering and, when
a collar 2 is mounted, even this seam is covered by
said collar. 1Instead of a hollow network article, it
is also possible to use hollow knitted fabric, network
10 material being preferred because it has intzinsic
elasticity which is due to the method of production and
is ndt associated with the use of an elastic material,
although such a matexrial could also be used within the
scope of the invention, provided it is biologically
tolerated. As is evident and is confirmed in practice,

-
tn

this intrinsic elasticity above all compensacas any
iifZference in length which, in the case of the_suppof:
arms 4 with their base area 4a in between, is
parzicularly large. MNevercheless, there is no danger

3]
Q

of overstretching of the fabric 3, and the direction of
extension along arxow A’ of Fig. 2 has proved in
practice to be more advantageous .than the reverse
direction. _

Once this point of the process has been

[3¥)
[¥,]

reached, it is still necessary to place a plastic piece
or the like which forms a collar 2, and has a cross-
saection which is angqular, Zfor exahple rectangular, zut
according to Fig. 5 in this case triangulaz, on :the

P

arojecting  and <the short end 15. It mav De
30 advantageous to fasten the collar 2 with the aid of a
few cross stitches 19 or zig-zag stitches 20 the
ahnular element la in orcder to prevent slipping o
twisting and for this purpose small tirough-holas (nct
shown) may be made in the support la, in particular in
35 the region of the upper circumferential line (ci. the
upper limit of the collar 2), but in any case along the
lower circumierential line (that is to say at the lower

limit of the collar 2 or hetween these lines) in order

- SUBSTITUTE SHEET
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to facilitate this connecztion. .

The lower, longer end 16 is now folded,over the

upper surZace of the collar 2 (Fig. 6) and around the

inner lateral surface of said collar in such a way that

5 © the latter is covered by a section 21 and the former by

a section 22. This is of course only necessary when

the collar 2 is not itself formed from textile macerial

or covering by the textile covering 3 is desired for

other reasons, said covering also being used Zor

10 anchoring in the piological tissue. The turaing over
of the end section 21 makes it passible to conceal thi

end and to fasten it to the covering or, if necessary,

also to the annular element 1a with the aid of a

PCT/EP92/01018
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concealed seam 23, Zor which purpose the above-
15 mentioned, very small through-hales arranged in the
Tegion of the circumferential lines detarmined by the
collar 2 may be usaed.
8y applying the concealed seam 23 in the region
of tThe previously applied seam 17 (Tig. %), Soth seams
re covered by the collar 2 in such a way that, on the
one aand, they are virtually completaly invisible Zrxc
the outside or merge to form a single seam. However,
this seam 23 can of couxse also help to Zasten the two
end sections 13, 1§ (Tig. 4), so that the seam 17 may

e in the form of a relatively loose quilting seam. I

)
n

the Iinal analysis, the appearance of the heart valve

-

drosthesis . shown in Fig. 1 is then achieved.
To be able to carxy ouz the process described
apove in a simpiiiied manner, it s prefarabls =z

30 provide an apparatus according o Fig. 7. Tais has
rings 33, 34, the iaternal diameter of

o

gssentially ww
which is sufficiently large 5 hold a complets
prosthesis I, that is To say a prosthesis 1l Iormed Irom

supporz la and textile covering 2. A certain
additional play between the outer diametar of <the

Ul
n

annular element .a reinforced with the covexing 3 and

the intarnal diameter of the ziags 33, 3% makes it

QUIRSTITUTE SHEET_
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possible to annlv an all-round seam at a point 24 .

within the internal diameter of the rings 33, 34, as

will be explained below. - .
First, however, the annular'elemen; la, with |

collar 3 inserted through from the inside, is placed in

the inner opening 235 of the rings 33, 34. Thereafter,

the lower end 16 is then expediently turned outwards

(9]}

over the outer surface of the annular element la and is
fastened carefully to the lower xing 33 so that iz
10 rests with its end section 21’, ia each case with the
same lengtll over the entire circumference, on a suppor:

In

surZace 26 of the ring 33. this position, the lower

'snd 16 is detachably Zixed, for example with the aid a2
a c-amnlng ing 28. This clamping ring can be in the

jor
n

form of a spring zing or in the form of a
circumferential zing which can be clamped, for exampls,
2 the aid of a toggle lever apparatus (not shown),

3,
..l.
{ l

the Ifirst embodiment being preferzed. In order >
aniarge the c-amoinc area, it is advantageous ii the
2qQ zing 33 has a c rcumferencial seam 27 including the
ring 26 together with the piece of fabric clamped by

I e
- - o

After the lower end 15 has been fastened £o zhe

iower ring 33 in this manner, the upper end can >e

2s pulled over the su?por: arms 4+ and the regions <a
cresent in Detween. The upper end 1S is then Zastened
T3 the clamping apparatuses 23, which for this puxpcse
are equipped with gripping elements 41, Zor exampis
with hooks (as shown),_ but iI necessary also wi:ik

30 forceps-like gxippers. These gripping slements 4l are
connected t2 tension elements, such as springs 30, and
are subjected to a load by these, it heing advantageous
if the spring force is adjustable with the aid of an .
adjusting sczew 40 in order to be able to adapt it o

o
tn

diffierent prosthesis izes. On the other hand,
adaptation mav also be necessary when iffgrent

coverings ars used, since it will aenerallr De

'SUBSTITUTE SHEET
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necessary also to change the rings 33, 34 when the size
of the prostheses 1 is changed, unless the diameter is
adjusted by inserting a suitable sleeve into each of
the rings 33, 34, which is also possible within the

5 scope of the invention.
Furthermore, the section through the rings 33,
34 shows that the inner surfaces thereof are preferably
inclined towards the clamping point at which the ends
15, 16 meet one another, in order to improve the
10 accessibility duxing sewing. To return to the clamping
apparatuses 29, it may  be mentioned that it is
advantageous if the particular clamping force set can
be zead on a scale 42 connected to the adjusting sczew
40. In order to distzibute the clamping forcs as

-
tn

uniformly as possible over the circumference of the

14

zing 34, a plurality of clamping apparatuses 29, which
ars indicataed merely by their axes 29, is expediently
distributed over the circumfersnce of this’ zing. In
order to suppoxrt these ciampinq apparatusés 29 on the
20 outside of the ring 34, the latter consists of an inner
ring section 35 and an outer ring section 36 on which
the clamping apparatuses 29 are fastened. This results

R0
41

in a cavity 31 between the two ring sections 35, 36,
which cavity, as shown, the gripping elements 41 are
25 housed. _

Of course, TFig. 7 merely illustrates a
preferzed embodiment and it would be quite éossible £3
modify the zing 34 so that the gripping means 41 ars
also readily accessible whnen rings 33, 34 are placed

30 together, in which case it would also be possible to
apply-the seam 17 (ci. Fig. 4) not inside the opening
25 but instead just on the outside of the inner Ting
section 35, in other words where the cavity 31 Iis
located in Fig. 7. However, this requires that, after
the xings 33, 34 have been slackened, the textile

L
n

covering is placed around the annular element la under
less teasion than when the seam is applied, in other

SUBSTITUTE SHEET
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words the fabric would have to be more great*y
stretched during sewing, which on the one hand would
make measurement of the clamping force with the aid of
the clamping apparatuses more difficult (where these
can be providgd at all) and on the other hand would
give rise to the danger of overextension of the textile
cover.ng 3. |

. An apparatus as shown in Fig. 7 could also be
used for applying a different tyve of seam cannec tion
if, for example, one of the two rings 33, 34 or both
rings 33, 34 are equipped with a heatable ring regidn,
thus permitting heat bonding or welding of the two
Zabric ends 15, 168. However, a weld seam or bonded
seam, the nrcduc ien or which is generally simpler, is
generally thicker and especially less elastic than a
sewn seam, which i1s cthersafore preferable Zor hear:
prosthesas of this type. |

In order %o hold the =zings 33, 34 securely

~during the operations described above, it is exned;ent

to provide a stand 31 which - for holding the suppox:
la at the desx:ed working height - is advantageously
provided with a reta;n;ng bush 32 which is adjustable
in height and can be screwed to various depths into the
stand 51. _

The rings 33, 34, which are held in tche
indicatad clamping position by corresponding clamping
means, such as clamping screws 44 -or clamps, duzing
application of the seam 17 (Fig. %), are s=xpediently
guided on the stand 51 with the aid-of guide columns 37
but can be secured on the latter in the position
lowered towards the retaining bush 32 with the aid of
adjusting =ings 43 which can be moved along the columns
37 and clamped to said columns or with the aid of other

blocking elements. Alfter application of the seam °_

inside the opening 25, the collar 2 can be mounted

‘according to Fig. 5, after which the projecting end 12

is cut ofi. ~;—_‘__,___~______‘_
-~ This Sheet Has Been

A
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In practice, either a human (if desired also
animal) pulmonary or aortic valve is stored in a
nutrient solution (together with antibiotics and other

. Ssubstances) and is sewn to the prosthesis described

shortly before use, or the already assembled coﬁponenns
of the prosthesis are stored or frozen together in a
nutrient solution until they are required. This.also
enables a high cell survival rate to be achieved, and
the prostheses produced in this manner cah be used in
four different positions.

It should be mentioned that the positioning

Tings 43 constitute an acditional element for holding

the =rings in the lower position in their mutual
clamping position and thus, if necessary, fac;lztat-“

subsequent pulling of the covering 3. Only when the
tapric has Dbeen pulled uniformly over the annular
element la and t&e' meshes un straight along cthe
generatrices of the slightly conical =ing la is iz
expedient to effect the final clamping by means of tae
screws 44.

A large numbeér of modifications are possills
within the scope of the invention; thus, the funczion
of <the :ihgs 33, 34 could be interchanged with one
another by, for example, providing the Zastening 27, :8
on the upper ring 34 and the clamping apparatus 22 on

the lower zing.
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PATENT CLAIMS g
. Process for covering an annular:support (la) -

for a heart valve prosthesis (1) which has, at one
axial end, axially projecting support arms (4) which
are distributed over the circumference and are rounded
at the free end, having a textile covering (3),
characterised in that the textile covering (3),
starting from a collar shape, is elastic at least in
one direction (A‘), is pushed into the annular selement
(la) and, at its two projecting axial ends (15, 16) is
turned over the outer surface of said annular elementz,
after which the two ends (15, 16) are joined to one
another all round by a seam (17). '

2. Process accarding to Claim 1, characterised in
that the collar shape of the textile covering (2) is
produced starting Zzom an approxi_mata’v zecTanquiax
piece of material, Zfirst bV sewing together =wo
oppositz sides orf the piece of material, in parzicular
with edges (14) naving outar beads.

bJ

2rocess according N laim b3 or <
characterised in that the all-round seam (17} :is

applied at a distance (al) of apout 1 mm Zrom the stars
of the support arms (4), and preferably a distance (al)
from the base (B), preferably a2l is > al, in particula
a2 is about a2qual to 2al.

. . Process accdrding Iz any o the prscsading

b

Claims, characterised in thac the taxztile covering {2}
used is a network materia:, prefsrably one having
a_ter1ac=lv denser strips (i2) =unning in the axial
direczion of .he collar and looser meshes (13), c<he
elasticity in the direction of the stzips (l2) being
smaller than at-right angles :thersto. '

5. Process according 2 any of the preceding
Claims, for a sﬁppor:'having a collar, characterisad in
that the two ends (15, 16) are joined to one another :in

. -

such a way that at least one of the ends (12 or 13
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projects above the seam (17), whereupon a csllar (2),
in particular of textile or plastic material,
preferably having an anqular, for example triangular,
cross-sectional form is mounted in the region of the
seam (17) and is enveloped with the projecting end
(16), the envelope expediently being sewn, preferably
with a concealed seam (23).

8. Apparatus for <carrying out the process
according to any of Claims 1 to 4, characterised in
that it has two coaxial rings (33, 34) with a centrzl
opening (25) holding the annular element (la) together

- with the covering (3) of which one ring (33) is

provided with a fastening means (27,.28) for one end
(16) of a covering (3) and the other ring (34) is
Srovided with a clamping apparacus (29) for the other

end (1S) of the covering (3).

7. -Apparacus according to Claim §, charactarzrised
in cthat the opening (2S5) of cthe zings (33, 34) has
adequatce ' dimensions wxbain the opening (25) for
appiying  the seam (17) around the inserted annulax
element (la). '

8. Apparatus -according to Claim 6 or 7,
characterised in that the clamping apparatus (29)
comprises a plurality of clamping elements (29)
disctributed over the cixzcumferenca of the ring (34),
each of which is preferably provided with a gripping
eiament (41) for the textile covering (3), Zor example
in the form of a hook.

3. Apparaﬁus according to any of Claims § to 8,
characterised in that it has an adjusting and/or
-‘.d..cat-ng means (40, 42) Zfor the applied clamping
force, preferably an adjustable spring (30).

10. . Apparatus according to any of Claims 6 to 9,
characterised in. that at least one clamping means (4
or 44) is provided for holding the rings (33, 34) in a
position clamping the coveriag (3).

1. Apparatus according to ahy of Claims 6 to 10,
characterised in that a stand (51) is coordinated with
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the rings (33, 34), by means of which stand they can be .

held in a predetermined position, and that this stand

(51) preferably has at least one of the following .

features: '

a) it has a supporting base (32) which is adjustable in
height for holding the annular element (1la) at_ﬁhe
desixed height; : '

b) it has a straight-line guide (37), in particular
having quide columns (37), for moving the rings (33,

34) while retaining their relative Dositions.

K
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