PROCESS*AND APPARATUS FOR THE PRODUCTI ONSBQAQERET VALVE PROSTHES! S Tah"’é"‘)

|nvent|ogwjg£ﬁ§ﬁ& to a process according to the precharacterising clause of
Claim1 and to an 5 apparatus for carrying it out. The k

used 4 n cardiac surgery contain a crown-shaped annul ar el enen OFISOBHRET AS BEEN
but generally of nmetal or of both materials. They consist inljjgener BEPbACED

| ong,. often wire-like elenents which are 10 predoni nant|y not VeTy-
el astic and are of t erPROFFEH WND HPYHRRATYS HER Tﬁﬁcﬁ%ﬁPUC"I i OF "AeEBRARE

in poor adaptability, especially sinceyahed @rdiutien become brittle, but
in sone cases also relatively poor tolerance, not |east because the

textile covering 15 - generally applied to the annul ar el ement then
requires several seams in omgRr ihQehelidnSeelheb¥ € d Boddds accarding o

the precharacterising clause of Claim 1 and to an
3 -apparatus for carzying it out. ’

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

10 predominantly not very slastic and are often joined bv
soldering or welding. This ©results in poor
acdaptability, especially since the joints then become

britzls, Dbut in some casas also relatively poor
tolerance, not least because the taxtile cavering
3 generally applied to the annular siement then -esguixrss

severzl seams in order to hoid secursly on the wize

k-
o
o
[]

t

skeleton of the annular eiement, with the zesul
sTrength prodlems may also oczur and manufacztuze is
made mors difficult. Typical heart valve prostiesas o

20 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
heart vaive orostihesis of the Tvpe statsad at the sutsec
in such a way that *he adaptapility and tslesrance axs

iz improved, strengzh problems ne-uc avoided. This is
achisved according  To the invention ov the
gharacserising Z=zatures of Claim 1.

3y means oI tThe srocess- acsordin

\n
ot
o

t
H)
D

invention, %the =textile covering is mountad on the

30 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 strangth is alsc
improved as a sesult, since seams aiways 2antalil 2
mechaniczl zisk. It would of course also be possibls

3s To apply the process according to the invention to

conventional annu_=* 2lements, but i% is praciselv in

Thls Sheet Has Been Re epla
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skel eton of the annul ar el epent  ow th
al so occgéoggﬂ gﬁyufactur T difficult. Typical heart valve :
prost hes 2 t hi sﬂmﬁH %l ﬁri bed in U S. Patent _POITEPON/O1018 .
U.S. .Patent 3,755,823 It ‘ ' T T

val ve prosthesis of the type stated at the outset in such a
adaptability and tol erance are Z5 | nproved, strength pr!

mﬁgp é@g_result t hat sfrength probl ens may

of the invention to

avoi ded.  This Ls sombdvetionaceithli aych @ supgwr= Whieht imesultsy inhen .
characterising features afy Ghib® hasBy FB2ASacl :é%ﬁgﬁégggs§1mﬁg§%%§g§91§°

t he i nvention,

the textile covering is nounte i
el ement with a nini FuPRILtIECaPAtENTUSPPIACRAE OBnandaids, Sthieen dlesance

i nproves since a plurality gfichBugh ER8NBréSesy Ustesktditiq (i chle’ eROEREL6n

al so
5

[3¥]
n

(%]
tn

could also be realised without an apparatus of a
particular type, the apparatus according to the
invention according to Claim 6 not only considerably

‘helps and facilitates the implementation of the process

and the production of a prosthesis according to the
invention but also guarantees'uniform quality through
the c¢lamping apparatus provided according 2o the
invention. '
Further details of the invention are savident
Ixom the following description of embodiments shown
schematically in the drawing.
Tig. 1 shows a heart valwve prosthesis according o the
invention befors attachment oi the bioclogical

heart wvalve matarial;

ig. 2 <o & show tihe successive steps in carrying cut
the process' acgording tTo the Iinvention,
starzing from 2 rectangular piece of mataerial
accerding to Tig. 2; and

i
~3

..a
Te]

shows an apparatus aczsording tTo the ilavention
for car-ving out this process. '
Fig. 1 shows an obiique view o a heart vaive
orosthesis 1 according t©o the inventian with parcly
removed textile covering 3, which covers an annulac
supporT la together with a.collaf 2 attached zhersts.
As c¢an be seen, the annular siement la consists oI Ilac
material, in particular of a thérmoplaszic, so that iz
can be produced easily and sconomically, for sxampis by
injection moulding.

The support la possasses, in a manner Xnown pex
se, three axially projecting support arms 4, the -1
ends of which are rounded. Projections I anc
indentatiohs § ars arranged alternmately on the axial
end, the base 3, of this sﬁpport la, which =ané :s
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\ . . .
infprovéd as a result, since seans always entail a mechanical risk. It would

of cour e pci%1 |Sb¢eeHa’353eenReplta&dappl y the process according to the
|nvent|§ﬁog%;@%§%entl Ienents but it is preci

conbi.nation with such ch results in an optimnmu “ﬂhgﬁH@é$H%SBEEN
formaccording to a slnultaneou y submtted matent applicalfion @mmuaggg

shown here. Although the process according to the invention

al so be realised wietmesian dppasiappert:oamspastLtwmnqysp@ﬁSihbe a#maerUS
according, to the | nugoibonnaceandkag HRadealvi Gd dactilon U dtP APl e MRl P

and facilitates the’l enentatron o
flat ened in a conventlonal manner over the sunoor'

arms and is to be fastened to the collar 2 to be
accommodated in said indentations.

wn

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

10 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

tn

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

(¥ )
o

(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 -

(28]
n

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
30 flac, the —radius of <curvaturs 2R preferabiy
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
ines, of which the upper circumferential line Iis

(V9]
w
’-‘

preferably located a distance al’ of about ! mm below
+he base 4a of the support arms ¢ but the lower

SUBSTITUTE SHEET



and the duct i —
the production ef—a prost hesi eor di na. |
.al so*guar ant ees unifoﬁ.msp egiaor ding to the 10

| S ah the cl _ i nvention but
accor dj jgse i nvent ‘the clanpi ng appar gipse fihayioisd
trom twgg?%lﬁlgow iy desc etails of ‘the inventi ’f—ar-e—-evrg

S

: \ odi ments shown 15 JEWe REEF € AV PRGN
the drawing. Fig. 1 shows a heart valve prosthesis accordijng_to fﬁ%‘gg@’b’.!’- = ]
i nvention before attachnment of the biological heart valve materral, kE

to 6 show t he successive_ste | i i Furched z -
: P oeumierantL 25E Vi @dvantigeously siight 5P6c
actcor_dl ng to _theC-rn%‘_Bﬁ?’F%%? éFa’?ﬁing fro a‘rgghégﬂ%ag " e{::é'matocaess
[rﬁeeir hsgn??corgl NgatayFitgom2 chen®ddef 9° §H]8w§'nan appar af us “according to
on for cartying gyt bli,s feroeemmple, 2 mm resu t£s.

In this context, it is therefore possible firstT

W

to prefabricate annular elements 1a of different
diameters, prefe'rably srom 17 mm to 33 mm at the base
3. In order thereafter to form a heart valve
orosthesis shown in Fig. 1 therefzom, it is necessary
::.c provide - in the manner described, 2 textile
10 cove-ring 3, which stats had to be produced f-om several
jndividual parts, tediously and with several seams. It
ig therefore intended, with reference to Fig. 2 to &,
to desé:ibe’ the grocess according to the iavention, In

1Y)

wnich, starting Irom 2 piece of material closed i1

’ . 3 . 23 . .
collar-like manner, a single seam 1S sufficient.

gt
u

L |

ig. 2, however, 2 prepared

According %2

(14

=axtila collar is not available and mus< first D

®

sroducaed Izom & raczangular piece of material in I

[0

manner shown. mnis piece ot material consists of

20 aerwork Zabric, Zer example 2 xnicced fabric, naving 2
sequence of -elatively dense sczips 12 formed fzom war3
th;aads cand sparser.-mes.hes 13 in between, wnich In
sar<icular give she taxtile covering 3 elasticity In

..‘:he di:ec:::.on of the ar=ow A’ wnereas it has slightly

2S tass elasticity in =hne direction at -ight angles
shersto. A similax macerial has been put on tae markec

wyv USCT, Adavison, s=5m C.R. 3ard, USA, under Catalogue

No. 007831. |
Whereas to dats nonelastic covexings wers used

30 in spite of the large number Of seams required, :he
elasticity of the rextile covering 3 used accor2ing =2

the invention allows che latter =0 pe pulled over che

=

ix 1 i jfferences in
support arms 4 and their Dbase region 4a, differenc

' i €i i £ rse, the
length being elastically compensated.. OL cIuzss/

(V3]
(8]

covering 3 consists of medically or . piologicaliy
=slerated textile matarial known pex se.

mwus, in order <=2 obtain the requized CJi:3Z

QU IRKTITUTE SHEET



Fig. 1 shows an oblique view of a heart vaI ve prosthesis 1

accordl n t he | n\Té 4y renoved textile covering 3, which
covers éﬂogﬁm ﬁm‘g’m Wr with a collar 2 attacHEI/ERR/OINE As
can be seen, the ann consists of flat 30 BIc@.}EETI}.ﬂ;S BEEN

particular of a therrmpl astic, so that Lt cansbe produced ealy aRE L ACED

econonically, for exanple by injection moulding. The support “a=possesses
in a manner known pgorse, addundai.m;(i abl y:'ipy.oj 2ctithe stpprangelas pleche I ee

2r5e arrgngd grternll"%p'ﬁ o t%e axg'qﬁg ect)iagg§3b§ Pﬁ‘sﬁgﬁ%gﬁ trﬂ%;
which end is towards one another, and the ends are then connected 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 collar with its bead on the inside according to
10 ~ FTig. 3 is expediently turned outwards before being
pulled into the supporet 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

=
‘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 lengt“ 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 slightly
longer than the upper end 13, sincs it is intended zo
ze used Zor covering the collar 2. It is oi course
30 also clear that TFig. 4 shows the covering 3 in a
par‘:.iai 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

-

into the position shown ia Fig. 4, all that is stiil.

SUBSTITUTE SHEET



3 -gpposite the support, ng possible for any excess bi ol ogi cal

e
heart v % |aI ‘ eqt Ha ée ﬁhy‘altened in a conventional nanner over
t he supp and |s I to the collar 2 to bd _

acconnndated in said |n textile covering 3 is
consi sts expediently of a netmork fabric, bec&use such a fab
sufficient intrinsic elasticity - even mhen conventional , bi ek
tolerated textile neeqerizgdlds a CLscusegrenFmapras@mcé7 &OUS§W[nqghnnqr .
Adavison, from C R ¢fgar ﬁoﬁahgc%ﬁnﬂo 199483 tnehanol el expeqieenlyn ty s

is all the nore surpri si € nonel astic coverlng have beén chosen
date; however, it mmmSml yiagRoRean cBRliAdt YIERERFce offeltdstic -

15 mat er i al resgitdSe g a miivERilalll CaseaN @dk t R2rBRAY agt Edfllar-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

-
tn

tolerated. As is evident and is confirmed in practice,
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
of overstretching of the fabric 3, and the direction of

3]
Q

-~

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-
seczion which is angular, for example rectangular, Zut

according to Fig. 5 in this case triangulaz, on :the

P

arojecting  and <the short end 15. It may 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 through-holas (noic
shown) may be made in the support la, in particular in

35 the region of the upper circumferential line (c-. 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



of-.the-heart val ve prosthe5|s inmproved safety with respect to tearing of .
seans and a smal | er nthi ct plagedns, which al so i nproves the tol erance
of the pMS29HAIBS Th n many cases a conceal edp@f/EP92/diang
therefore invisible) cq seamin the region of t;

will be sufficient, if necessary wth a vertical seam 7. In
facilitate the process according to the invention - with opt
fit - it is 25 espetHailti tafed mmmﬁeﬁm4 are roun
free ends with the radius R or nds t t.pore t e_eigh

of the dianeter of the suppﬁ{é }gw% «?d: S o?glf% ¥ I%idfd]é’fef'hé‘ge
other hand, it is adu&nnag%uu&na=Qﬂu&heuhmﬂb&roﬁs(s.gresvehadLazbunaoghe
E han i oo UStnddl 1acGUatAbUESace?Bs BaEhoEAbl: SO 'HRAPIILEY LRaR"

nore than twce the radiu
5 the latter is covered by a section 21 and the former by

rrwlﬁs
et SHEET HAS e,EEN

A-L

1
(& a0

a section 22. This is of course only necessary when
the collar 2 is not itself formed from textile macterial
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
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
20 ~are covered bv the collar 2 in such & way that, on th
one aand, they are virtually completaly invisible Zrxc
zhe 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. In

)
n

the Iinal analysis, the appearance of the heart valve
pros:hesis 1 shown in Tig. 1 is then achieved.

To be able to carxy ouz the process described
apove in a simpiiiied manner, it s prefarabls =z

ig. 7. Tais has

hl

30 provide an apparatus according o
eséencially TWO :ingé 33, 34, the ianternal diameter of
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 diamecar 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_



curvature R of the support ar ms 4 The collar 2 shown in Fig. 1 and

consi sti |Ie dis @l is expediently nounted between
two ci rc&ﬁ?%@%ﬁ% mjﬁ whi ch the upper circunfR& Emmmne

is preferably Iocated a f about 1 nm bel ow t he Of T Hes

support arns 4 but the | ower 2 4 circunfergntial line is

slightly further away fromthe edges of the indentations 6, &e=thg .

dlhsta][lce az2' ofbI fo?oﬁmspée,ﬂ apblesud Sallln-bbna cﬁ&exaf F pamt 44f .

t heref ore possible i | e anny el ements , la 2

di fferent dianeterst Bﬁé?ngﬁl 5%?%74%% P 5 thenﬁﬁggg' 34, |
. will be explazned below. _ .

irst, however, the annular element la, with
collar 3 inserted through from the inside, is placed in

(9]}

the inner opening 235 of the rings 33, 34. Thereafter,
the lower end 16 is then expediently turned outwards
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’;, in each case with the
same lengtll over the entire circumference, on a suppor:

In

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

‘and 1§ is detachably Zixed, for example with the aid o:
a clamping ring 28. This clamping ring can be in the

form of a spring zing or in the form of a

jor
n

circumferential zing which can be clamped, for exampls,
witlh the aid of a toggle lever apparatus (ﬁot shown},
the Ifirst embodiment being preferzed. In order >
anlarge the c-ampinc area, it is advantageous ii the
24 zing 33 has a'; rcumferencial seam 27 including the
ring 26 together with the piece of fabric &lamped by
After the lower end 1§ has been Zastened to the
iower ring 33 in this manner, the upper end can >e
2s pulled over the sugipor: arms 4+ and the regions <a
cresent in Detween. The upper end 1S is then Zfasterned
<3 the clamping apparatuses 29, which for this purzcse
ars cu-noed with gripping eleme nts +1, Zox examplisa
with hooks (as shown), but if necessary aiso wizl
30 forceps-like gxippers. These gripping slements 4l are
connected to 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

different prosthesis sizes. On the other hand,
adaptation mav also be necessary when iffgrent
coverings ars used, since it will aenerallr De

'SUBSTITUTE SHEET
{



B.-.. i'n - order thefm,geeﬁasgeame‘pmfw a heart val ve prosthesis shown in

Fi g. 1 tWOreViss it i provide - in the man d,
atextile 10 cove ! mm mll tate had to be produced g OEL
i ndi vi dual parts, tedi several seams. It is thjer&HSSEEET HAS BEEN I

I ntended, with reference to Fig. 2to6 to déscrlbethe progess mﬁﬂg
tothelnventlon I n which, starting froma piece of éla| closedin a

15 col I ar - I'i ke MRIFFETAE S HiE%y %8 S8R9 F-888nt 7 » AL P RER A% SEiES
2, however, a prepa:rihcbnem:rdsmrreééarl i % retamyed ) ahihemctmﬁla‘méﬁt. 11%

produced froma reg ece_qf nater] he pmnner
pi ece .of material %&9%% o$v §68 ‘nﬂeta\/\o%tf("#"aaéo]ﬁ o ?%Yeeiﬁgﬁl 835"‘ o
knitted fabric, ha\nrmg risggudidce I, rehachvdlsy alawepsssibie l@ithinedher om
war p threadssand S%‘aéosfé J@sé}lees ijngré&?&&v\een, which in :
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
uniformly as possible over the circumference of the

-
tn

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 suppor:T these clamping 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
in a cavity 31 between the two ring sections 35, 36, in
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



particul ar give the textile covering 3 elasticity in the direction of the

at right angles thereto. A simlar material has been put on;
USCl, Adavison, fromC R Bard, USA, under Catal ogue No. 00
date nonel astic coverings were used 30 inlpite of the ;
seans required, the elasticig% of the textile covering 3. uskEd=aceptai-ng
r a4

the invention al I'ow¥FRs | dt't

arrow A wgnez/qerssit has slightly 25 | ess elasticity inlaﬁbﬁﬁﬁiﬁﬁhgc
S- ‘ @ .rv‘

8

§494i9[nﬁqﬁiftmﬂﬁﬂethéﬂkuﬁﬁoFP

their base region 4atshddiien@esing 5eRgh, benighelastinl de CRARENGRLEE.

O course, the 35
tolerated textile
required collar

5

[
n

[ 5]
wn

30

35

AN HOATRPET i o, S G, 6Pl i, P8, g o 7

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
covering 3. |
' _An apparatus as shown in Fig. 7 .could also be
used for applying a different type of seam connection
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
fabric ends 15, 18§. However, a weld seam or bonded
seam, the produc:icn of 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 sxpedient

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

The rings 33, 34, which are held in tche
indicatad clamping position by corresponding clamping
means, such as clamping screws 44 -or clamps, du:in_'
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. fter application of the seam 1.7

inside the opening 25, the collar 2 can be mounted

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

is cat ofZl. —_—

- -~ This Sheet Has Been

i
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5 -form-according to Fig. 3, the rectangular piece of material according to
Fig. 2 iswbayaliogfgsh its ends towards one another, and the en
connected to one another by a vertical seam7 (of. Fig. 1).

seen, it is preferable if the edges 14 of the material are pr
bead in order to increase the strength of tthe seam 7. 0 aWERLACED

Wthits bead on the ini de HbQATTFTo Senes 8 Gundi IO afsiedd §T5a
turned outwards bef @ndinadi)ngpplinbadriynt ort omstigpovklie Ise sobted - linkea
fabric sleeve thus hefliddes Rilueidn Tedddinelew 300 aRk 81 8T d8a" HORRE®
. 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
10 four different positions.

_ It should be mentioned that the positioning

Tings 43 constitute an acditional element for holding

the =xings in the lqwer position in theixr mutual

i

“w

clamping position and thus, if necessary, facilitating
15 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
20 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 fastening 27, 28
on the upper ring 34 and the clamping apparatus 22 on

[
tn

the lower zing.
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accordi.ng to F|g 4, so t s coaxial 15 with said

annurarw@wsand t he agmmﬂmgmlflmliuﬂ" extile coverl ngslri)rO) ect above

and bel ow the annul ar el eneht.® Flron't hf s expl anati on, @f"éﬁl%l ear

that ,Fig. 3 nmerely shows a section of .the collar, mhlch - ETthgh T e

able to project above the support la 20 and bel ow t he 1 () é E&{ HAS BEEN

have a diameter which is substantially smaller than the le CED -

collar 3. In any ca se, the upper projPATEND emxiM$d of the covering 3 can :

t hus be turned.outwards and downwards in the manner shown in Fig. 4,

whereas the l-ower 25 projecting end 16 is turned outwards fromthe

bottom If a collar 2 (Fig*quss;fqrbeonaumnqd;niannnhaqnxnggnrtf(lme -

| ower end 16 is chese sld an 4th r d L nce
gegsr- o1 VSEBEQﬁEsP.]E' N 1)NCHPEET nELS R §he

it is intended to be use coverin e co cour se
axial end, axially projecting suppor< 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).15
turned over the outer surface of said annular elemenc,
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 outer beads.

-
-

[V

. ~ Process aczording =2 laim ! or

4

characterised in that the all-round seam (17} :is

applied at a distance (al) o: 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.

b

. - Process accdrding Iz any oi the precsding
Claims, characterised in thac the taxztile covering {2}
used is a network matsria:i, prefsrably one having
a;ter1ately denser strips (i2) munning in the axial

direczion of thé collar and looser meshes (13), c<he
elasticity in the direction of the stzips (l2) being
smaller than at-right angles :thersto. '

5. Process acco rding 2 any of the preceding
Claims, for a sunnor‘ hav*nc 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

Thls Sheet Has Been Re

T
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30. . ~also clear that Frog—4 shows—ttre tovering 3 in a partially cut away
Vi ew’ wi t tral 1 ! e the collar 3 according to Fig. 3
does:La ?Qﬁﬁﬁ?ﬁ] a cl os‘ﬂﬂ ﬁwnmgml mg This secti on REEEPIZ/O3018 ng
to FLg. 4 is nerely inte I'hl'ustrate 35 the path

{ IS SHREET HAS BEEN

15 and 16. As soon as the two ends 15, 16 have3 been turned ijn
position shown in Fig. 4, all that is still required is REPLACED

o T ent o Sr Ut SISO Ladh® LP) N 1Re08LBh8, 1°cHpRED (BT

starting material used pastatunbady ®fcol textihepedrS plasuicicpaterial,

exanpl e a hol | ow neluerde Ay HfiriddCart®8¥ular, for example triangular,
cross-sectional form is mounted in the region of the
seam (17) and is enveloped with the project ting 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 apparatus (23) for the other
end (1S) of the covering (3).
7. -Apparacus according to Claim §, charactarzrised
in chat the opening (25) of the zings (33, 34) has
adequatce ' dimensions w;.».l';in the opening (295) fcf
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 thaﬁ it has an adjusting and/or
indicating means (40, 42) for the applied clamping
forée, preferably an adjustable spring (30).
10. . Apparatus according to any of Claims 6 to 9,
characterised in. that at least one clamping means (43
or 44) is provided for holding the rings (33, 34) in a

position clamping the coveriag (3).

-

This Sheet Has Been Replaced 11. Az_jparatus according to anv of Claims & to 10,

, ,",I” ,I"" ml ,I Il, characterised in that a stand (51) is csordinated with
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17 is~the onl y.seam‘r‘éq'uT“r‘é'ddI”br' t he _i:overi ng and, when a collar 2 is
mount edyé g9 S s ' Bﬂﬂ m said collar. Instead_gf a hollow
network ar Iglycife, it W|EHMﬁ SII B o use hol | ow knitted FedAEES2A0L0 8,

10 materi al being preferred Because itlgas intrinsic ITé§$iS¢IEEW HAS BEEN
which is due to the nethod of production and*I’'s not associ atg

f I ' | al h h h | al I I b tmﬁ&w%e
t t ; : -
Che Scope of the | FUBrTHERS bFavi iy 1Y (e, o, PR, B8R Sl Can B

t he scope of the iAveniT [y

As is evident and heldoifli rnpdedecpradiiece pasiittiamt randsi that athisi sgaaldove
all conpensates an \ff ﬁf&}f‘a I th Hed N e £as [t rt
arns 4 with their IgségIa aI&Ia'a aﬂllII’ bgtg\%eear#milgégfrt?égl aﬁy%ﬁ%r géIgElgHEB&
Nevert hel ess, ther&2@8uUF®Sganger 20 of overstretching of the fabric 3,

and the direction of extigdsiDBuYgIIEHg BUsA (3R)FulicR D3Sa@yQ¥edniB in
height for holding the annular element (la) at _'the
desixed height; '
b) it has a straight-line guide (37), in particular
having gquide columns (37), for moving the rings (33,
34) while retaining their relative Dositions.

—_—
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LTI

SUBSTITUTE SHEET
|



practice to be nore advantageous than the reverse direction.
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(57) Abstract

A heart valve prosthesis (1) having an annular support (1a) which has, at one of its axial ends, axially projecting support
arms (4) which are distributed over the circumference and are rounded at the free end is covered with a textile covering (3), start-
ing from a collar form thereof. The textile covering (3) is elastic and at least in one direction (A"). It is inserted into the annular
support (1a) and is turned, at its two projecting axial ends (13, 16), over the outer surfaces of the support (1a). The two ends (15,
16) are then joined to one another all around by a seam (17). This seam may be concealed by a collar (2). The invention also com-

1 This Sheet Has Been Replaced

/| LT TTHTEL —
La f
3

7

al’

--B :

prises an advantageous apparatus for covering a support (la) with a textile covering (3).




,lrmt of the collar 2 or between these Lines) in order hitate
"t hi sWRRE&%n. The Iower, longer end 16 i s now fol ded, &%F}‘#ﬁéﬂﬁglpl)%r
surface of the collar 2 (Fig. 6) and around the inner |ateral 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. Thiig2is of course-oal;y necéssary when the
collar 2 is not itself formed fromtextile gaterialfbr covering bysthe
textile covering 3 is d@sire‘d for other reaspns, sa/d vering algo bei ng
used for 10 anchoripg in the biol ogical Ki ssue. The turpksd pver -of
the end section 2& makégs i/]p(zssi ble to conceal thisg

Lta
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end and to fasten it to the covering or, if necessary, also to the annular
‘element la with the aid of a conceal ed seam 23, for which Bﬁhﬁﬁﬁﬁith
aboveyqléz/191gsmenti oned, very small through-hol es arrangeg lpééion of
the circunferential lines determ ned by the collar 2 may be used. By
appl yi ng the conceal ed seam 23 in the r2d@i on of the previously applied seam
17 (Fig. 4), both seans 20 are covered by the collar 2 in such a way
that, on the one hand, they are virtually conpletely invisible fromthe
outside or nerge to forma siggle-sean1 However, this seam 23 can of course
-also help to fasten the two e sections 15, 16 (Fig. 4), so that the seam
17 may 25 be in the forn1og\? rel atiag@ly | oose quiltj,mng seam In the
final analysis, the appearanc%gq t he hiyrt v@Rve prosthgsis 1 shown in

Fig. 1 is then achi?ged.
| 43

Fig.7

\
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To be able to carry tggphmmmegﬁfgescri bed above in a 5|

it is preferable to 30 dpparatus according t

has essentially two rfi ngs_ 33, 34 iflnt ernal di anmeter of
sufficiently large t I34a"‘68n'§9 te Frosthe_sis 1, that is
prosthesis 1 fornmed fjram support la; gnd textile covering 3.

certain 35 addi tijonal play betvveen the outer dianmeter of the annul ar
el enent la reinforce g 3 antl the internal di amater of the

S Che e or hpoesS BRECB CekBos TR B Yool T e

VALVE PROSTHESIS

The invention relates to a process accerding to

thé precharacterising clause of Claim 1 and to an

5 apparatus for carzying it out. '

The known prostheses used in cardiac surgery

contain a crown-shaped annular element of plastic, but

generally of metal or of both materials. They consist

in general of long, often wirs-like elements which are

10 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 3In some cases also relatively poor

tolerance, not Lleast because the textile covering

15 generally applied to the annular elemenc thea requires

several seams in order t6 hold secursly on the wire

skeleton of the annular element, with the result that

strength problems may also occur and manufacture is

made more difficult. Typical heart valve prosthases of

20 this type are described in U.S. Patent 3,670,014 orx
U.s. patent 3,755,823.

. Tt is the object of the invention to design a
heart valve prosthesis of the type stated at the outset
in such a way that the adaptability and tolerance are

z5 improved, strength probleas being avoided. This s
achieved according to tde invention by +the
characterising features of Claim 1.

By means of the precess- according +o the
invention, the textile covering is mounted on the

30 annular element with a minimum of seams. Thus, on the
one hand, the talerance improves Since a plurality of
thick seams is avoided but the strxength is also
improved as a result, since seams always entail a
mechanical risk. It would of course also be possible

as to apply the process accerding to the invention to
conventional annular elements, but it is precisely in

r



e o

t he annul ar el enent {Ia.-

¥ _ = TWITh-5=== }
JEE??@WM?@@gﬁﬁgf , is placed in the ifn @?ﬂ%%gﬁFﬁésﬁfETi

st g e

will be explained belo
collar 3 inserted thro
25 of the rings 33, 3

hereafter, tHe fl ower end 16 is then|lexpedi ¢4l
turned outwards over t odeMARUDACH df the annul ar el enen ¢§°and"hggg~ggl-
fastened carefully to | ower ring 33Jso that it 10 rests wth 1ts

end section 21', in edch case Wttt ane | ength over the entire
circunference, on a suppart surface 26 ¢f t ring 33. In this position,

the |l ower end 16 i t Iy, fixe o, | h ' f

cl anping ring 28. %@%qa}'?r’%l nvait'}.!li(nguggnabgﬁ% e\,wilg'i]drl gFg{rl%go%ﬁ gn
spring ring or 9qutimusewhighmphagt a formr agrerdingite 2 i wigudtianeousiybe
clanped, for exanyubmited ipatedicd applichedeheah8ves sRBWhakese (N0t shown),

he fi . . p . | _
the first embodiment bei n%l%rh%u%rhr t e progegsc da.ecrcotr%ing 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 considerably
helps and facilitates the implementation of the process
and the production of a prosthesis according to the

10 invention but also guarantees uniform guality through
the clamping apparatus provided according to the
invention.

Further details of the invention are evident
from the following description of embodiments shown

15 schematically in the drawing. _

Fig. 1 shows a heart valve prosthesis according to the
invention before attachment of the bioclogical
heart valve material;

Fig. 2 to 6 show the successive steps {n carrying out

20 the process according ¢o the invention,

starting from a rectangular piece of material
according to Fig. 2; and -

Fig. 7 shows an apparatus according to the invention
for carrying out this process.

25 Fig. 1 shows an oblique view of a heart valve
prosthesis 1 according to the invention with partly
removed textile covering 3, which covers am annular
support la together with a collar 2 attached thereto.
ks can be séen, the annular element la consists of flak

30 material, in particular of a thermoplastic, so that Lt
can be produced easily and economicglly, for example by
injection moulding.

The support la possesses, in a manner known per
se, three axially projecting support arms 4, the free

35 ends of which are rounded. Projections 5 and
indentations 6 are arranged alternately on the axial
end, the base 3, of this support 1a, which end is



—

E ) | !
enl arge t he cl anpi ng fr ageous if the 20 r;q,@:g &&QWQ.{
circunferential seam @h@%“ﬁqg g@ﬂri ng 26 together wthithe plfz}]

fabric clanped by it. ter the |owerf gnd 16 has been fastefesyto & ! AR)VIQQ?
ring 33 in this manngr,

t P4 MARe192Nqd dan be 25 pul | ed ower—the—sHpport

arns 4 and the regions @a present inijbdtween. The upper end 15 is then

fastened to the clangin 29, which for this purpose are

equi pped Wi th gripping_elements 41, f of exari'pl e Wi th hooks (as shovvn) but

I f necessary also with, 30 - forceps-Ilike Bgers These grip
5,

el enents 41 are cBRRESLER Pbetﬁ'ﬁgl’ﬁ efEREN Re+ag 2ORS gﬁ& are
subj ected to a | castchyst beemogu.t:amemmdmbagﬁaue:ﬁ.ut haienr iLsg thobee i s

adjustable with t Ld.of. an adj usti crew 40 in_order_t e bIeto
adapt it to :b.ia%-gnezl in g conv Q%ti W o*? ghg s pport
arms and is to be fastened to the_ collar 2 to be

5 accomodated 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’

10 is used. 1In 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; howéve:, it will
subsequently become clear that the choice of elastic
15 material results in a simplification in the manufacturs
' of the heart valve prosthesis, improved safety with
respect to tearing of seams and a smaller npumber of
such seams, which also improves the tolerance of the
prosthesis. This is because in many cases a concealed
20 (and therefore invisible) circumferential seam in the
region of the collar 2 will be sufficienc, if riecessary
with a vertical seam 7.
In ordex to facilitate the process accnrdirig ¥o
the invention - with optimal anatomical fit - it is
25 expedient if the support arms 4 are rounded at their
free ends with the radius R which corresponds to not
more than one eighth of the diameter of the support 1a
in the region of its collar 2. On the other hand, it
is advantageous if the indentetions 6§ are relatively
30 flat, the radius of <curvature 2R ©preferably
corresponding to not more than twice the radius of
curvature R of the support arms 4. The collar 2 shown
in Fig. 1 and consisting of textile or plastic material
is expediently mounted between two circumferential
35 lines, of which the upper cirxcumferential 1line is
preferably located a distance al’ of about 1 mm below
the base 4a of the support arms 4 but the Llower



35 different p ORE .E(@E ?| A1y On the- other hant,ﬁgﬁLM@z @363.4‘_,;7 |
may al so be necessany |1N IR foveri ngs are used, sifjce it wl

general ly be necg¢sgary al so to chapge the rings 33, 34 whashid halsd*%g&@gz
the prostheses 1 isjcha@MARIMIss!the diameter is adj ustel

T

sui tabl e sl eeve int ach of the ripngp 33, 34, which is also possible
within the 5 scppe of the rTnventipn. Furthernore, the section through
the rings 33, 34 shéws—that ithe jnnerfsurface§ thereof are preferably

i nclined towards the cI a nt at which the ends 15, 16 neet_on
another, in order t&iFRBM eggrgﬁ\ga.koline L5 adrantageqys Ly S Lightdyi Ei‘ﬁf
return to the clanpiawgy from the edges of the indentations 6, so that a

distance a2’ of, for example, 2 mm results.
In this context, it is therefore possible first

S to prefabricate annular elements la of different
diameters, preferahiy from 17 mm to 33 mm at the base
B. In order thereafter to form a heart valve

prosthesis shown in Fig. 1 therefrom, it is necessary
to provide - in the manner described, a textile
10 covering 3, which state had to be produced from several
individual parts, tediously and with several seams. If
is therefore intended, with reference to Fig. 2 to &,
to describe the process according to the imvention, in
which, s'ta.rting from & piece of material closed in a
15 collar-like manner, ‘a single seam is sufficient.
According to Fig. 2, however, a prepared
textile collar is not available and must first be
produced from a rectanguiar piece of matarial in the
manner shown. This piece of material consists of a
20 network fabric, for example a knitted fabric, having a
sequence of relatively dense strips 12 formed from warp
threads and sparser meshes 13 in between, which in
particular give the textile covering 3 elasticity in
the dixection of the arrow A’ whereas it has slightly
28 " less elasticity in the direction at right angles
thereto. A similar material has been put on the market
by USCI, Adavison, from C.R. Bard, USA, under Catalogue
No. 007831.
Whereas to date nonelastic coverings were used
30 in spite of the large number of seams required, the
elasticity of the textile covering 3 used according to
the inven_tioh allows the latter to be pulled over the
support arms 4 and their base region 4a, differences in
length being elastically compensated. Of course, the
35 covering 3 consists of medically or biologically
tolerated textile material known per se.
Thus, in order to obtain the required collar



apparatuses 29, it
“particular clanping{f F
adj usting screw 40.

uniformy as possib e ﬁ??
cl anpi ng appar at us I ch e fi

at it is advantageo
ead on a scale 42 c

S REPLA*]EQ RN 8 la....i.. i
hnect e h
i sftribute the clanping fDa@e.zé %Ak"ﬁm7
erence of the ring

di cated nerely by thelr axes 29', is
expediently distri 'éﬁ“nve#—%he-cﬂ unference of this ring. In order to-
support these cl angding apparatuses 29 on thé& 20 outside of the ring 34,
the latter consis%s of an In ecti and out.er ri SECLIOH

T1 n 3
36 on which the cf8 A5 "ag( ug%srgg ar:g' BefESE aﬁ‘ﬁ"’s"qres
cavity 31 bet weenmakertiad mqqynnﬂmgcnm Big. 3@, 151hbnthuinht&csaendhomn,

the oripping el eTeBlazdl 8hé diother,) U neUnd U cidd) cohalBhleo
one another by a vertical seam 7 (cf. 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 avoid outward-
projecting material residues in the covered support 1la,
the collar with its bead on the inside according to
10 Fig. 3 is expediently turned outwards before being
pulled into the support la.

The collar-like fabric sleeve thus formed is
pulled through the annular element la from the inside
according to Fig. 4, so that the collar 3 is coaxial

15 with said annular element and the axial ends of the

‘textile covering project above and below the annular

element. From this explanation, it is of course clear.
that Fig. 3 merely shows a section of the collar, which
- in order to be able to project above the suppori 1a

20 and below the latter - must have a diamecter which is
substantially smaller than the length of the collar 3.

_In any case, the upper projecting end L5 of the
cevering 3 can thus be turned ocutwards and downwards in
the manner shown in Fig. 4, whereas +the lower

25 - projecting end 16 is turned ocutwards from the  bottam.
If a collar 2 (Fig. 1) is to be mounted, it is
expedient if the lower end 16§ is chosen to be slightly
longer than the upper encd 15, since it is intended to
be used for covering the collar 2. It is of courses

30 also clear that Fig. 4 shows the covez:irig 3 in a
partially cut away view with the central strip omitted,
since the collar 3 according to Fig. 3 does ia fact

form a closed hollow cylinder. This section view
according to Fig. 4 is merely intended to illustrate
35 the path of the two ends 15 and 16.

As soon as the two ends 15, 16 have been turned
into the position shown in Fig. 4, all that is stiil




so that the gripping ans 41 are al $o{readily accessible en ri 1867
are placed 30 ~todetihe2 4 MARVIB9Eh{chse it woul d al so be [pd®std bl ttrg:- e
apply the seam 17 (off. {Fig. 4) not inpside the opening 25 butft—Tnstead | U5t

on the outside of thg immerring sectign 35, in other words where the .
cavity 31 is located{n Fiqg. 7. , thi$ requires that, after 35

the rings 33, 34 have been sl ackened, the textile covering is glaced

around the annul ar EPEREFRd 1S (T TUESTRATIALNSEMBNI TNER BAE SegARher
applied, in other thdOjonnitgtpeiredris wulthehawe temdse YH) elgy aiidha

joining points have been pulled together. If the
starting material used was already a collar-shaped

5 fabric, for example a 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 coilar. Instead of a hollow network article, it

is also possible to use hollow knitted fabric, network

10 material being preferxed because it has intrinsic
' elasticity which is due to the method of production and

is not associated with the use of an elastic material,
although such a material could also be used within the

scope of the invention, provided it is biologically

18 tolerated. As is evident and is confirmed in practice,
this intrinsic elasticity above all compensates any
difference in length which, in the case of the support

axms ¢ with their base area 4a in between, |is
particularly lé.rge. Nevertheless, there (s no danger

20 of overstretching of the fabric 3, and the dirsction of
‘extension along arzow A’ of Fig. 2 has proved in
practice to be more advantageous than  the revexse

preferred enbodi ment aﬁﬁP‘iPtCEWMGSmEEq ite possible to rmdiihﬁEFhéGEMﬁ@”SWEET l‘

direction. _
' once this point of the process has been
25 reached, it is still necessary to place a plastic piece

or the like which forms a collar 2, and has a cross-
section which is angular, for example rectangular, but
according to Fig. 5 in this case txiangular, on the
projecting and the short end  15. It may be
30 advantageous to fasten the collar 2 with the aid of a
few cross stitches 19 or =zig-zag stitches 20 the
annular element la in ordex to prevent slipping or
twisting and for this purpose small through-holes (nct
shown) may be made in the support la, in parficular in
35 the region of the upper circumferential line (cf. the
upper limit of the collar 2), but in any case along the
lower circumferential line (that is to say at the lower
limit of the collar 2 or between these lines) in orderx
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rise to the dange nki pn of the textile coveri
7%63%@3?636 pe} used for applying a dlfferent type of

as shown in Fig!.
seam connecti on}1( for—exanpl e, one of the two rings 33, 34 or both
equi pped with a heatable ri Mg region,. thus permitting

rings 33, 34 ar
fabric eg s 15, 16. .However, a weld

heat bondi ng or
seam or bonded seafP 48 oFORARERIPR- general Iy sinpler, is 15

general ly thicker and espefhel Lgwérsslahgatiend l16nis sownfelded,omMerc hhies
therefore preferablgdQr s3e3htePb@Sthesed1dad B YFL4C6) 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 material

or covering by the textile covering 3 is desired for

other reasons, said covering also being used for

10 anchoring in .the biological tissue. The turning over
of the end section 21 makes it possible to conceal this

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

also to the annular element la with the aid of a
concealed seam 23, for which purpose the above-

LS mentioned, very small through-holes arranged in the
. region of the circumferencial 1lines determined by the
collar 2 mav be usad. .

B8y applying the concealed seam 23 in the region

of the previously applied seam 17 (Fig. 4), both seams

20 are covered by the collar 2 in such a way that, on the
one hand, they are virtually complietely invisible frem

the outside or merqge to form a single seam. However,

this seam 23 can of course also help to fasten the two

end sections 15, 16 (Fig. 4), so that the seam 17 may

25 be in the form of a relatively Loose quilting seam. 1In
the final analysis, the appearance of the heart valve

prosthesis 1 shown in Fig. 1 is then achieved. |

.To be able to carrvy out the process descrited

above in a simplified manner, it is preferable to

30 provide an apparatus according to Fig. 7. This has
essentially two rings 33, 34, the internal diameter of

which is sufficiently 1large to hold a complete
prosthesis 1, that is to say a prosthesis 1 formed from
support la and textile covering 3. A certain

35 additional play between the outer diameter of the
annular element la reinforced with the covering 3 and

the internal diameter of the ringcs 33, 3¢ makes it
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F.rst, however, the annular element la, with
collar 3 inserted through from the inside, is placed in
the inner opening 25 of the rings 33,.34. Thereatfter,
the lower end 16 is then expediently turned outwards
over the outer surface of the annular element la and is
fastened carefully to the lower ring 33 so that it
rests with its end section 21‘’, in each case with the
same length over the entire circumference, on a support
surface 26 of the ring 33. In this position, the lower
end 16 is detachably fixed, for example with the aid of
a clamping ring 28. This clamping ring can be in the
form of a spring in the form of a
circumferential ring which can be clamped, for example,
with the aid of a2 toggle lever apparatus (not shown),
the first In order to
enlarge the clamping area, it is .advantageous if the
ring 23 has a circumferential seam 27 including the
ring 26 together with the piece of fabric clamped by
Lt.

ring or

embodiment being preferred.

After the lower end 16 has been fastened to the
lower ring 33 in this manner, the upper end can be
pulled over the support arms 4 and the regions 4a
present in between. The upper end 15 is then fastened
to the clamping apparatuses 29, which for this purpose
are equipped with gripping elements 41,
with hooks (as shown),
forceps~-like grippers.

fcr example

but . if necessary also with
These gripping elements 41 are
connected to tension elements, such as springs 30, and
are subjected to a load by these, it being advantageous
if the spring force is adjustable with the aid of an
adjusting screw 40 in order to be able to adapt it to
different prosthesis sizes. On the other hand,
adaptation may be necessary when different
are since it will generally be

also

coverings used,
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openi ng 25, the coll ch‘ according to Fig. .l afte h
the projecting end 1% ifs cut off. practice, either a ? 4f"‘ﬂ}3§1gg7

desired al so ani mal) |pyl idAaMAR G#9%01 t|c valve is stored i b=a=mgrrient
sol ution (together wjth anti bi otlcs ot her substances) and is sewn to
t he prosthesis descrilbed 5~ "'?y before use, or the already assenbled:
conponents of the prdsthesis_are QT ared or ffozen toget her in a nutri ent

ate to be achi eyl HIATRALSF 5PN ELESs, ST, TH e PR Used

In of the prostheses 1 is changed, unless the diamete: 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 suxrfaces thereof are preferably
inclined tov_:ards the clamping point at which the ends
15, 16 meet one another, in order to improve the
10 accessibility during sewing. To return to the clamping
apparatuses 29, it may be mentioned that it is
advantageous if the particular clamping force set can

be read on a scale 42 connected to the adjusting screw

40. In order %o distribute the clamping force as

1S uniformly as possible over the circumference of the
ring 34, a plurality of "clamninq apparatuses 29, which

- are indicated merely by their axes 29’, is expediently
distributed over the circumference of this ring. Ia

order to support these clamping apparatuses 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

in a cavity 31 between the two ring sections 35S, 36, in

which cavity, as shown, the gripping elements 41 are

25 housed.

0f course, Fig. 7 merely illustrates a

preferred embodiment and Lt would be quite possible to
modify the ring 34 so that the gripping means 41 arxe

also readily accessible when rings 33, 34 are placed

30 together, in which case it would also be possible to
apply the seam 17 (cf. Fig. 4) not inside the opening
25 but instead just on the outside of the inner xring
section 35, in other words where the cavity 31 is
located in Fig. 7. However, this requires that, after
35 the rings 33, 34 have been slackened, the textile
covering is placed around the annular element 1a under
less tension than when the seam is applied, in other
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’positioning rings 43 TTtate™ aqldi ti onal el ement for oIdlng hﬂAﬁ ﬁ@?

in the | awer positijon i é&&ﬁr al clanping position an wmgs -------------------------
necessary, facilitatind?? ubse uent pulling of the c

o F oty
when the fabric hay heen -pulledunifermy over the annular elenment la and

the meshes run strdight along the ge eratrl &s of the slightly conical ring
lais it expedient‘TU“Effec clang ng by neans of the 20

screws 44. A large, e ?,gn rﬂgﬁbca%gma aﬁgvggs,g%blgewiﬁ ggope of

the invention; thus, ction of the rin e |nterchanged
wi th one anot her b‘i/tl'?’éﬁh@(é#bﬂé‘g pﬁ%ﬂ-’!ﬂng‘@*@f%t&ﬂ?n@nﬂ hapg sould op
the upper ring 34 mdie livasurdiment] o RARAE VamBIng force with the aid of

the clamping apparatuses more difficult (where these
S can be provided at all) and on the other hand would
give rise to the danger of overextension of the textile
covering 3.
An apparatus as shown in Fig. .7 could also be
used for applying a different type of seam connection
10 if, for example, one of the two rings 33, 34 or both
rings 33, 34 are equipped with a heatable ring region,.
thus permitting heat bonding or welding of the two
fabric ends 15, 16. However, a weld seam or bonded
seam, the production of which is generally simpler, is
15 generally thicker and especially less elastic than a
sewn seam, which Lis therefore preferable for heart
prostheses of this type.
in order to hold the rings 33, 34 securely
during the operations described above, it is expedient
20 to provide a stand 51 which - for holding the support
la at the desired working height - is advantageously
provided'with a retaining bush 32 which is adjustable
in height and can be screwed to various depths into the
stand S51. .
25 The rings 33, 34, which are held in the
- indicated clamping position by corresponding clamping
means, such as clamping screws 44 or clamps, dufing
application of the seam 17 (Fig. 4), are expediently
guided on the stand 51 with the aid-of guide columns 37
30 but can be secured on the latter in the position
lowered towards the retaining bush 32 with the aid of
adjusting rings 43 which can be moved along the columns
37 and clamped to said columns or with the aid of other
blocking elements. After application of the seam L7
3as inside the opening 25, the collar 2 can be mounted
according to Fig. S, after which the projecting end 15
is cut off. |
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support (la) for a heqrt valve pros hesis (1) which has, ajj one ﬁ s
v!mtetgli 1A
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axially projecting qu q% Jqé ich are distributed
circunference and arle at the ree end, having a tei%rre cover 1y

(3), characterised in k-hat- t he-texttl ¢ covering (3); starting froma collar
shape, is elastic at] least in one dirgction (A'), I's pushed into the
annul ar el ement (la)=amd;y~atr its two prOJectlng axi al ends (15, 16) is

turned over the outer surfagesehcsaid,auithat @ Githitin AL#caedhbed algot wo
ends (15, 16) are joined to oﬁ
animal) pulmonary or aortic valve is stored in a
nutsient solution (together with antibiotics and other
substances) and is sewn to the prosthesis described
5 shortly before use, or the already assembled components
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 can be used in
10 four different positions.

It should be mentioned that the positioning
rings 43 constitute an acditional element for holding
the rings in the lower position in their mutual
clamping position and thus, if necessarxy, facilitating

15 subsequent pulling of the covering 3. Only when - the
fabric has been pulled uniformly over the annular
element la and the meshes run straight along the
generatrices of the slighﬁly conical ring la is it
expedient to effect the final clamping by means of the

20 screws 44.

beanlD

A large number of modifications are possible
within the scope of the invention; thus, the function
of the rings 33, 34 could be interchanged with one
ancther by, for example, providing the fastening 27, 28

25 on the upper ring 34 and the clamping apoaratus 29 on
the lower ring.



anot her all

round by a seam (17). 2. Process accordi
‘characterised in that the collar shape of the textile coveyi ng%ﬁvﬂgﬁ%smm
produced starting froman approxinately rectangul ar piece |0t rh MAR 1997

first by sewinig tTogether two opposite sides of the piece pRterial

particular wt

to Claim

Al

‘“mmgamng outer beads. 3. Process accordi ng
rised in that the all-round seam (17) Ls

applied at a distancet (al) sof *about 1 nm f¥omthe start of the support arns
(4), and preferably a distance (a2) P%W (B), preferably a2 is >
al, in particular a2 is about equal Process according to

any of the preceding d ains,

(3) used is a nejwork mepgsésss Robef Yovalivingnanhavini(lar - 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 :ounded
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 element
(1a) and, at its two projecting axial ends (15, 16) is
turned over the outer surface of said annular element,
after which the two ends (15, 16) are joined to one
another all round by a seam (17). '

2. Procéss according to Claim L, characterised in
that the collar shape of the textile covering (3) is
produced starting from an approximately rectangular
piece of material, first by sewing together two
opposite sides of ‘the piece of material, in particular
with edges (14) having outer beads. '

3. Process according te Claim & or 2,

characterised in that the all-round seam (17) (&£s
applied at a distance (al) of about 1 mm from the start
of the support arms (4), and preferably a distance (a2)
from the base (B), preferably a2 is > al, in particular
a2 is about equal to 2al. '

4. Process according to any of the precediag
Claims, characterised in that the textile covering (3)
used is a network material, preferably one bhaving
alternately denser strxips (12) running in the axial
direction of the collar and lLooser meshes (13), the
elasticity in the direction of the strips (12) beiag
smaller than at right angles thereto. '

5. Process according to any of the preceding
claims, for a support having a collar, characterised in
that the two ends (15, 16) are joined to one another in
such a way that at least one of the ends (15 or 16)

characterised in that the textile covering
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alternately denser strips (12) running in the axial di ctlongq’f_mmewg |
and | ooser meshes (13), the elasticity in the directio S (L
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bei ng snal msangl es thereto.. 5. Pr o ==gccordi ng to
any of tklelﬂulﬂmzlmg"ul“ for a support having a collar, characterised
in that the*tvo énd$ (15," 16) are joiyged to one another in such a way t hat

at |l east one of the ends (15 or 16) 13 projects above the seam (17),
wher eupon sprojects (Zove ncipardeam| a17pf vherewponraptaklax (@)erial,

ngeirglrjﬁiogé mwt ﬁgﬁgc@%}_xg?rqﬁ]f O&eﬁéfﬂ' eot:rl aﬂgég@fc cm&f&t [ onal form
grefe::ably having an angular, 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).

6. 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 centxal
opening (25) holding the annular element (la) together
with the covering (3) of which one =ring (33) is
provided with a fastdning means (27, 28) for one end

(16) of a covering (3) and the other ring (34) |is

provided with a clamping apparatus (29) for the othex

end (15) of the covering (3).

7. -Apparatus according to Claim 6, characterised
in that the opening (25) of the rings (33, 34) has
'~ adequate dimensions within the opening (25) for

applying the seam (17) around - the inserted annulax

element (la).

8. Apparatus according to Claim 6 or 7,

characterised in that the clamping apparatds (29)

comprises a plurality of clamping elements (29}

distributed over the circumference of the ring (34),

each of which is preferably provided with a gripoing

element (41) for the textile covering (3), for example
in the form of a hook. )

9. Apparatus according to any of Claims § te 8,

characterised in that it has an adjusting and/or

indicating means (40, #42) for 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 (43
or 44) is provided for holding the rings (33, 34) in a

position clamping the covexing (3).

11. Apparatus according to any of Claims 6 to 10,

characterised in that a stand ($L) is coordinated with
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seam (17) and is envel oped with the projecting end (16), ||t REFiAEBEESHEET
expedi ently being sewn, preferably with a conceal ed seamjj( 23). Q 1 §
Apparatus for carrying out the process according to aayle(}f‘---ét-gﬁgrs-ggzt-o
4, characterised in that it has tw coaxial rings (33, 3 ' y '
opening (25) holding the annular el enent (la) together with the covering
(3) of which one ring (33) is provided with a fastening neans (27, 28)
for one end (16) of a covering (3) and tike other ring (34) is provided with
a cl anpi ng apparatus (29) for the other end (15) of the covering (3). 7.
Appar atus according to Caim6, characterised in that the opening (25) of
the rings (33, 34) has adequate di napsirRAeT Wthin the opening (25)

for applying the seam (17) around the inserted annul ar

PROCESS AND APPARATUS FOR THE PRODUCTION OF A HEART VALVE
PROSTHESIS

A heart valve prosthesis (1) having an annular support (1a) which has, at one if its axial

“ends, axially projecting support arms (4) which are distributed over the circumference and are
rounded at the free end is covered with a textile covering (3), starting from a collar form
thereof. The textile covering (3) is elastic and at least in one direction (A”). It is inserted into
the annular support (1a) and is turned, at its two projecting axial ends (15, 16), over the outer
surfaces of the support (1a). The two ends (15, 16) are then joined to one another all around
by a seam (17). This seam may be concealed by a collar (2). The invention also comprises an

advantageous apparatus for covering a support (1a) with a textile covering (3).

FIGURE 1
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el ement (la). 8. Apparatus according to Caim 6 ||OREPLACEMENT SHEZT li.
characterised in that the clanping apparatus (29) conpiii ses & QIMA@I?QQ';/J['_
of clanping elements (29) distributed over the circunferengebPdg t-he-ring """ |
(34), each of which is preferably provided with a grippi ng~efenment (4I) for
the textile covering (3), for exanple in the formof a hook. 9. ‘
Appar atus according to any of Clains 6 to 8, characterised in that it

has an adjusting and/or indicating nmeans (40, 42) for the applied clanping
force, preferably an adjustable springsZ30). 10. paratus according to
any of Clainms 6 to 9, characterised in that at3 | east
or 44) is provided for hol ding the rings (33, i4) L
the covering (3).°
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1l . Appar atus according to any of Clains 6 to 10, char ARERPLAGEENR S¥at !\
‘a stand (51) is coordinated with 14 the rings (33, 34),l by {]W 937 1
whi ch stand they can be held in'a predetern ned position, Lt A 4
stand (51) preferably has at | east one of the follow ng feasraFes ™o e
a supporting base (32) which is adjustable in height for holding the
annul ar elenent (la) at the desired height; b) it has a straight-1line guide
(37), in particular having guide colums (37), for noving the rings (33,
34) while. retaining their relative positions. :
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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

(S1) 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 (la) at the
desired 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 positions.
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