ot
SELF EXﬁRNDI NG VASCULAR ENDOPROSTRESI S AND DEVI CE

APPL| CATI ON

10

15

20

25

30

35

-1 =
SELF-EXPANDING VASCULAR ENDOPROSTHESIS _
AND DEVICE FOR ITS APPLICATION

The present invention concerns the medico-
chirurgical £field, in particular arterial disease, but
also, in a more general manner, disease of other
anatomical channels, such as the veins, the bile ducts
and urinary ducts, and it relates to a self-expanding
vascular endoprosthesis with permanent elasticity and
with low shortening, as well as to the device for its
application.

In the present state of i:he art, there are
already endoluminal arterial prostheses which are
referred to in the international medical literature by
the English term "stent".

These prostheses are of two types:

- some . made .of non~-elastic metal material,
expandable from the inside outward under the action of
an inflatable balloon; |

- others made of elastic metal material, these
consisting of metal meshes; '
they are introduced tensioned into the lumen of the
vessel and their diameter increases when the
longitudinal extension is relaxed. |

These prostheses have varions disadvantages:

- those of the first type require to be
carefully fitted on a balloon since, once they are
expanded, they can no longer be withdrawn;

- those of the second tyj:e do not have this
disadvantage, but the structure of their meshes

. necessitates a considerable longitudinal extension in

order to reduce their diameter, which is an essential
condition in order to be able to introduce them into a
vessel; once introduced, their retraction inéide the
vessel is also very cons-iderable,_ resulting in fitting
difficulties and in friction on the walls of the said
vessel over a length of several centimetres.

In order to avoid the need for too great an
extension and the friction on the walls, the endo-
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The preésent invention concerns the medico- 5 chirurgical field, in

particular arterial disease, but al so, in_a nore general manner,

di sease of other bl ood vessel s, such- as the veins, and it relates to a
self- . - expanding vascul ar endoprosth33|s wi th permanent

el asticity and pirosthesis haz:t:efraﬁlgg €6 thei ieventiohe ik cq&rsamﬁﬂtﬁaa)fuﬂ aim
1. An endoprosthe3|s of t yRe ' disclosed in. d

DE- A- 3417738, arthobIA=FR P’H&“ RRGAEAS tgem‘%‘e?érun‘% L8k T8 khe hasis o,
use as a bl ood for itstnovelty. In the present state of the art,
there are The endoprosthesis according to the invention

5 is characterized essentially in that it is cylindrical
on the whole and is formed by the assembling of
longitudinal shafts of even number, made of solid and
elastic materials, to which _'there are joined,
transversely at a defined angle, ribs which are also

10 elastic and which form, between two adjacent shafts,
regular scales, the various scales joined
longitudinally forming a widely openworked cylinder.

' The endoprosthesis according to the invention
consists of the assembly of unitary elements comprising

15 three shafts: starting from the two outer shafts,

' transverse elastic ribs join the intermediate shaft at
a convergent angle, the said transverse ribs being in
an. open "V" ghape, forming, With_ the intermediate
‘shaft, a "fishbone" structure.

20 When longitudinal tractions are exerted on the
outer shafts and the intermediate shaft in opposite
directions, the '"v'"s close, bringing the outer shafts
closer to the intermediate shaft. The longitudinal
displacement of the shafts is very slight to obtain the

25 closure of the "V's and the closing together of the
shafts. |

The tractions exerted on the entire prosthesis '
by pulling the adjécent longitudinal'shafts in opposite
directions provoke a decrease in the diameter of the

30 cylinder by closing the said shafts together. It is
therefore possible to pass from a widely openworked
cylindrical tube of a given radius to a tube of smaller
radius by means of a slight extension and by means of a
slight longitudinal displacement of the shafts.

35 The structure of the "V"-shaped =ribs being
elastic, the tube resumes its initial shape when the
traction is relaxed.
| The diameter of the prosthesis according to the

" invention is a function of the anatomical channel to be
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15 already endolumnal arterial prostheses which are referred to
in the international medical literature by the English term"stent"
These prostheses are of two types: - some made of non-elastic
netal material, 20 expandable.fromthe ins?de outward under the action of

an inflatable léﬁidi?ﬁfbd, and it carr ﬁﬁersraﬁda Eewe oSl 1 Singted ﬁ@t ari al
(2°° ey 100 SRR ol i TR, B "Ehh eanlTERACS
according to the requirements.

The present invention includes the prosthesis

5 which has just been described, but also its application
system, made up of two concentric cylinders of small
diameters, the distal end of the endoprosthesis being
fixed to the end of the cylinder of smaller diameter,
‘and its proximal end to the end of the cylinder of

10 greater diameter.

By pulling on the cylinder of greater diameter,
the endoprosthesis is extended in order to reduce its
diameter. Thus tensioned, it can be brought to the
desired location; it is then relaxed in order to push

15 back the walls of the artery. It can be tensioned again
in order to displace it, if necessary, as long as it is
not disconnected from the applica.t;ion system. During
introduction and displacement, the whole assembly can
be covered by a third cylinder which protects the

20 prosthesis and prevents any catching on the walls of
the vessels.

The endoprosthesis according to the invention
is made of a material capable of maintaining a
permanent elasticity, so as to be able to spread open

25 the walls, for example of an artery, and remain in
place despite the flow of the blood stream and any
widening of the diameter of the vessels due to their
inherent elasticity and alternating variations in
pressure. ‘

30 The material employed can be an elastic metal,
an alloy, or a plastic material capable of maintaining
its elasticity over time.

The endoprosthesis according to the invention
can moreover be covered either with a biological

35 coating or with a protective substance offering little
adherence to the blood or bile, or other liguid having
to flow across it.

On account of its geometry, the prosthesis
according to the invention has the advantage of being
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vé§ser'_ and their dianeter I ncreases when the | ongi t udi nal

ext'ension is rel axed. These prostheses have vari ous
di sadvant ages: ' - those of the first type require to be
30 carefully fitted on a balloon since; 4 ohce t hey are expanded, they

can no | onger beawnthhdrawa;tf-expandmg withostiotleheshesoenihype dagnot
EZXZSZP{Ztes a%8§%§¥§nt%% e]1gﬁ% ?ﬁdl afiéggé’S|§ﬁ§$?Péﬁ§%%ﬁd3$%$§ H8uce
t heir di anet er appAicationasystsmmt i al condition in order to be able to
introduce theminto a gmne present invention will be better understood
5 from reading the following description of some of its

embodiments, illustrated in the attached drawing, it

being understood  that 'this description is  not of a

restrictive na.ture- as regards the invention.

| In the attached drawing:

10 " = Figure 1 represents a partial view of a
unitary element of the endoprosthesis according to the
invention; |

| ~ Figure 2 represents the same element after
extension; ' '

15 ' ' = Figures 3, 4 and 5 represent endoprostheses
which are obtained by longitudinal juxtaposition of 2,
3 or 4 unitary eiements, respectively, from Figure 1;

- Figure 6 represents in perspective, with
partial sectioning, a system for application of the

20 prosthesis according to the invention.

- Figure 7 represents in perspective, with
partial sectioning, the application system in Figure 6,
on which the endoprosthesis is fixed; _

- Figure 8 represents in perspective, with

25 partial sectioning, the same application system on
which the endoprosthesis is tensioned;

- Figures 9a, 9b and 9c represent, in cross-
sections, before, during and after extension, " the
position of the principal _shafts about the central

30 shaft of the application system; Figure 9c showing the
position of the shafts when the prosthesis has been
placed in an artery;

- Figure 10 represents the ring formed by the
transverse ribs of the unitary ei-ement in Figure 1;

35 - Figure 11 represents a detailed view of the
assembly of ribs and shafts of the endoprosthesis
according to the invention. | '

_ If reference is made firstly to Figures 1 and
2, it will be seen that a unitary element 1 of the
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vessel'; "once introduced, their retraction inside the vessel is also
very considerable, resulting in fitting
-2- -5 -
endoprosthesis &according to the inverntion consists of
two outer shafts 4 and 5 which are joined to an
intermediate shaft 3 by means of xribs 2 which are
arranged in Vs in the same direction, like a fishbone
5 or herringbone. '

In order to tension this unitary element 1, it
is necessary to stress the adjacent longitudinal shafts
in the opposite direction, that is to say the shafts 4
and 5 ‘in the opposite 'direction to the shaft 3. The

10 "v"s all being arranged in the same direction, the
lengthening is minimal when the element 1 is stretched
out, in contrast to the ei:isting meshed prostheses
whose meshes form rhombi which lengthen on traction,
each lengthening adding to that of the adjacent rhombus

15 in such a way that a very considerable overall '
lengthening is eventually obtained.

Figure 2 shows the element 1 flattened under
the effect of the tractiomns, in opposite directions, on
the outer shafts 4 and 5 and the intermediate shaft 3. |

20 Referxring to Figures 3, 4 and 5, it will be
seen that the assembling, by longitudinal
‘juxtaposition, of 2, 3 or 4 unitary elements 1 makes it
possible to obtain elastic cylinders 53, 54, 55 whose
tractions on the adjacent shafts, in opposite

25 directions, allow the diameter to be reduced. The
relaxing of the traction in a vessel of suitable
calibre allows the endoprosthesis to remain firmly
applied on its walls (see Figure 9c) on account of the
elasticity of its ribs. The "V" shape of the =ribs

30 permits a uniform circular elasticity on account of the
spreading foxrce which they apply at <their base, the
assembly of contiguous "V'"s forming a wuniform ring
whose internal lumen is circular and uniform (see
Figure 11). |

35 . For its introduction, for example into a blood
vessel where the intention is to hold the walls spaced
apart, the e’hdoprosthesis is placed on the application
system 7 represented in Figures 6 to 8, which allows it
to be brought to the desired location.
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difficulties and in friction on the walls of the said vesse
over a length of several centinetres. ‘ In order to avoid
the need for too great an extension and the friction on the
wal I s, the endo- 5 prosthesis acd%rdlng to the invention is

constructed in The mmﬂm t@etigpeci7i i Gqymistd Y odi CbwbsS t he
basi s for i,ts nO\ie The endo

t rosthesis
according to tﬁé’rﬁcﬁ?@ﬁ"ﬁ :md%rs 8 %ncaef? nesdhlduﬁ ai &L &Rg Eﬁ
characteri zed eshent.i alrhy distal Jgart nolfhathet inney| ioyxkinddr oB t he

whol e and is f%H@T$ﬂ@ﬁ with studs 81 on which is fixed one end of the

5 endoprosthesis 54, the other end of which is fixed on
the outer cylinder 9 equipped at its distal end with
the same number of studs 91. '

By sliding the outer cylinder 9 on the inner
cylinder 8, the endoprosthesis 54 is stretched out,

10 reducing its diameter. By relaxing the tension, the
increase in its diameter allows it to fasten on the
wall of the vessel 10 (see Figure 9) which it holds
open.

' The endoprosthesis 54 is fixed on the

15 application device 7 at orifices which are arranged at
its ends and which are formed by the closing together,
during assembling of the unitary elements 1, of notches
51 formed at the ends of the said unitary elements 1,
as can be observed in Figure 11.

20 In this same Figure 11, it will be seen that
the transverse ribs 2 can be equipped with notches 21
in the vicinity of their ends in order to facilitate
the closure of the angles which they form with the
shafts 3, 4 and 5 during positioning of the

25 endoprosthesis.
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the assenbl i ng of fongitudinal shafts of even nunber, made of

solid and elastic materials, to which there are jotrhed—
transversely at a defined angle, ribs mhlch are el astic
and which. form between two adjacent=~ 7 -~ Eﬂwmymmlﬂg | ar
scales, the various scales joined crLATMS rning a
w dely openwor ked cyl i nder. The endoprosthesis '
according to the invention consists of the assenbly of unitary
el ements conprising Vascular éhﬂeprebehésissﬁatéhdgdftOHBhbpoEWDuhéEH
shafts, wifls! @nan%r%ga. 353 iard 85 ) OUfaddied N ALATHL RN 2
7 RE SRATOPFSRsy STEEITRY b '

a convergent an
5 is formed the assembllng, by longitudinal

juxtapos1t10n, of unitary elements (1) including
flexible and elastic longitudinal shafts (3, 4, 5)
whiéh are joined to each other via transverse ribs (2)
which are also flexible and elastic and which are fixed
10 on the intermediate shaft (3) in such a way as to form
wyrg with the said shaft (3), the assembly constituting
a fishbone structure, the assembling of which by
juxtaposition forms an openworked cylinder (53, 54,
55). '
is 2. Endoprosthesis according to Claim 1,
characterized in that it is made of a material chosen
fiom the group formed by metals, metal alloys and
plastic materials.
3. Endoprosthesis according to Claim: 1,
20 chéracterized in that it is equipped at its ends with
orifices (51) which allow it to be fixed to an
application device (7). .
4. - Application device (7) for the endoprosthesis
according to any one of the preceding claims,
25 characterized in that it consists of two concentric
cylinders (8, 9) which are each equipped at the distal
end with studs (81, 91) of equal number and which can
slide one upon the other in such a way as to stretch
out and flatten the prosthesis (54) for the purpose of
30 positioning'it in the channel (10) where it is to be

installed.
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ah_open'"v " shape, forning, with the internediate shaft, a

"fi'shbone" structure. - : ' VWhen | ongi t udi nal tractlons are
exerted on the 25 outer shafts and the internediate shaft in
opposite - directions, the " v" s close, bringing the outer
shafts : closer to the I nt er nEskdeshaft. The | ongi tudi na

di spl acenent of the shafts is very slight to obtain the _ cl osure
of the "V's-and the cl osing together of the 30 shafts.

The tractions exerted ovaséelant eh@oprosthesis intended to buppohiti tthd he
adj acent | ongi tudj Nial o #NahL S ePPORLSe1s.
It is formed by the assembling, by longitudinal

juxtaposition, of ‘unitary elements (1) including
flexible and elastic longitudinal shafts (3, 4, 5)
which are joined to each other wvia transverse ribs (2)
which are also flexible and elastic and which are fixed
on the intermediate shaft (3) in such a way as to form
"V's with the said shaft (3), the assembly comnstituting
a fishbone structure, the assembling of which by
juxtaposition forms an openworked cylinder (53).

Figure 3



dfrecfibns provoke a decrease in the dianeter of the cyl i nder

by closing the said shafts together. It is 35 therefore possible
to pass froma w dely openworked cylindrical tube of a given
radi us to-a tube of snmaller radi,ys by means of a slight
extension and by neans of a slight Iongﬁ{%dlnal di spl acenent of the

shafts.

I [1
\x ‘& N\
A ——

r3 ? % /2 l.|
1 |
e = e =1
N\ .
(A 'L1

This Sheet Has Been R

[T



-3-- : ' The structure of the "V'- shaped ri bs being

el astic, the tube resunes its initial shape when the traction is
rel axed. The di anmeter of%}Pe prost hesis according to t he
5 invention is a function of the anatom channel to be




equi pped, and it can vary froma fewmllinetres to a few

centinetres, while its length is al so adapted according to the
requirenents. - Even though3y¥#e present invention includes

10 solely:-the prosthesis which has just been descri bed, for the
sake of clarity the description also refers to its application
system nmade up of two concentric cylinders of small dianeters, the
di stal end of the endoprosthesis being fixed to the end of the

cyl i nder 15 of smaller diaseter, and its proximal end to the end of

the cylinder of greater dianet%&. [40

9
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By ;puliling on the cylinder of greater dianeter, t he endoprost hesi s

is extended in order to reduce its di aneter. Thus tensioned, it can
be brought to the 20 desired Iocaticnn4)%, is then relaxed in order to
push ' back the walls of the artery. It can be tensioned again

in order to displace it, if necessary, as long as it is not

di sconnected fromthe application system During I ntroducti on and
di spl acenent, the whol e assenbly can 25 be covered by a third
cylinder which protects the prosthesis and prevents any catching
on the walls of t he vessels.

&

Fig11
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The endoprosthesis according to the invention IS rra'ﬂﬁsShEetﬂastbEﬁRd Rte

capabl e-of mai ntaini ng a 30 permanent elasticity, so as
spread_open —tfle Wal ls, for exanple of an artery, and !ﬂﬂlﬂlll !l
pl a eRngmEmmhﬁHﬁﬁTo of the bl ood stream and any eni
di a t eI S due to their -1 'r-nherent el ast|C| ty and
at i ng

SREERE' &

I n r
SEL 3:;5:%&%‘5 %s mnonosmﬁg mat eri al
. stic { or aplastlc mat eri al
of 8] ni_a.l...n.l-.n its el a;g{nmcgvgent;%u  ICATION
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The present invention concerns the medico~

5 chirurgical field, in particular arterial disease, but

alse, in a more general manner, disease of other

anatcmical channels, such as the veins, the bile ducts

and urinary ducts, and it relates to a self-expanding

. vascular endoprosthesis with permanent elasticity and

10 with low shortening, as well as to the device for its
applicatien. :

In the present state of éhe art, there are
already endoluminal arterial prostheses which are
referred to in the intermational medical literature by

15 the English term "stent".

These prostheses are of two types:

- scme made of non-elastic metal material,
expandable frcm the inside outward under the action of
an inflatable balloon;

20 - otters made of elastic metal material, these
consisting of metal meshes;
they are introduced tensioned into the lmen of the
vessel and their diameter increases when the
“longitudinal extension is relaxed..

25 These prostheses have various disa.d_vantages:

- those of the first type rxequire to be
carefully fitted on a balloon since, once they are
expanded, they can no longer be withdrawn;

- those of the second type do not have this

30 disadvantage, but the structure of their meshes
necessitates a considerable longitudinal extension in
order to reduce their diameter, which is an essential
condition in order to be able to introduce them into a
vessel; once introduced, their retraction inside the

35 wvessel is also very considerable, resnltiﬁg in £itting
difficulties and in friction on the walls of the said
vessel over a length of several centimetres.

Ih order to avoid the need foxr too great an
extension and the friction on the walls, the endo-



The -endoprost hesi s accordi ng tp REPEACEMENT: SHEET
This Sheet Has

o i [

s

prosthesis according to the invention is clasmmr'— '

accordance with a specific geometry which is the basis

for its novelty.
The endoprosthesis according to the invention

5 1is characterized essentially in that it is cylindrical
on the whole and is formed by the assembling of
longitudinal shafts of even number, made of solid and
elastic materials, to which there are joined,
transversely at a defined angle, ribs which are also

10 elastic and which form, between two adjacent shafts,
regular scales, the various scales joined
longitudinally fominﬁ a widely openworked cylinder.

_ The endoprosthesis according to the invention
consists of the assembly of unitary elements comprising

15 three shafts: starting £from the twe outer shafts,

" transverse elastic ribs join the intermediate shaft at
a convergent angle, the said transverse xribs being in
an open "V" shape, forming, with the intermediate
shaft, a "fishbone" structure. ' _

20 When longitudinal tractions are exerted on the
outer shafts and the intermediate shaft in opposite ...
directions, the "v"s close, bringing the outer shafts
closer to the intermediate shaft. The longitudinal.“'
displacement of the shafts is very slight to obtain the

25 closure of the "V"s and the closing together of the
shafts. o |

The tractions exerted on the entire prosthesis
by pulling the adjacent longitudinal shafts in opposite
directions prcvoke' a decrease in the diameter of the

30 cylinder by closing the said shafts together. It is
therefore possible to pass from a widely openworked
cylindrical tube of a given radius to a tube of smaller
radius by means of a slight extension and by means of a
slight longitudinal displacement of the shafts.

35 The structure of the "v'-gshaped xribs being
elastic, the tube resumes its initial shape when the
traction is relaxed. -

The diameter of the prosthesis according to the
invention is a function of the anatomical channel to be



can noreover be covered either wth a biol ogical

0
wWth a protective substance offering little ThISShee plaged; 1 o
bl ood having to flow across it. 5 OiIIIE its
geonetry, the prosthesis according to th t he

advant age of being , el astiq sself-expanding with Ii ttI e
shorteni ng, and - fol dable as long as it ot dlsconnected

fromits equipped, ,apd. it Gans yaryfrom a few i’éil etres $Re &y esent
invention will fee beeheimevres,st wbdle its lengthf r ds) ralso ngadaptedl | owi ng

description of odi nents, illustrated in the
attached drawi nzgg?flggg £8 the requiremen€l?

The present invention includes the prosthesis
5 which has just been described, but also its application
system, made up of two concentric cylinders of small
diameters, the distal end of the endoprosthesis being
fixed to the end of the cylinder of smaller dia.ﬁeter,
and its proximal end to the end of the cylinder of

10 greater diameter.

By pulling on the cylinder of greater diameter,
the endoprosthesis is extended in order to reduce its
diameter. Thus tensioned, it can be brought to the
desired location; it is then relaxed in order to push

15 back the walls of the artery. It can be tensioned again
in order to displiee it, if necessary, as long as it is
not disconnected from the application system. During
introduction and displacement, the whole assembly can
be covered by a third cylinder which protects the

20 prosthesis and prevents any catching on the walls of"
the vessels.

'I'he endoprosthesis accord:.ng to the invention
is made of a material capable o¢f maintaining a
permanent elasticity, so as to be able to spread open

25 the walls, for example of an artery, and remain in
place despite the flow of the blpod stream and any

widening of the diameter of the vessels due to their

i"’—'—'— inherent elasticity and alternating wvariations in
; ‘g% pressure. '
S 30 The material employed can be an elastic metal,
*é_..‘ an alloy, or a plastip material capable of maintaining
i g its elasticity over time.
‘ b The endoprosthesis according to the invention

REPLACFM™NT SHEET

can moreover be covered either with a bioclogical

35 coating or with a protective substance offering little
adherence to the blood or bile, or other liquid having
to flow across it.

On account of its geometry, the prosthesis
according to the invention has the advantage of being



bei ng understood that this description is not of a restrlctlve

‘nature as regards the invention. 15
dr awi ng: - Figure 1 represents a pa I
unitary el ement of the endoprosthesis according to the
I nventi on; - Figure 2 r-epresents the sarre eI errent
after t ensi o - E
repr esent endoplgg‘g‘fﬁ €es ot —expand:.ngvmv:&?arléi ' ai % ﬁfgltu naI
j uxt aposi tion ofoldable as long 8sorit4 munatydesemeet;edetpeut sl y,
fromFigure 1, apoijcation system.
' The present invention will be better understood
5 from reading the following description of some of its
embodiments, illustrated in the attached drawing, it
being understood that this description is not of a
restrictive nature as regards the invention.
In the attached drawing:

10 - - Figure 1 represents a partial view of a
unitary element of the endoprosthesis according to the
invention;

- Figure 2 represents the same element after
extension; _

15 - Figures 3, 4 and 5 represent endoprostheses

which are obtained by longitudinal juxtaposition of 2,
3 or 4 unitary elements, rxespectively, from Figure 1;

- Figure 6 represents in perspective, with
partial sectioning, a 'system_'for application of the

20 prosthesis according to the invention. _

-~ Figure 7 represents in perspective, with
partial sectioning, the application system in Figure 6,
on which the endoprosthesis is fixed;

- Figure 8 represents in perspective, with

25 partial sectioning, the same application system on

which the endoprosthesis is tensioned;

- Figures 95., Sh and Sec¢ represent, in cross-
sections, before, during and after extension, the
position of the principal shafts about the central
30 shaft of the application system; Figure Sc¢ showi.ng the
position of the shafts when the prosthesis has been
placed in an artery;

~ Figure 10 represants the ring formed by the
transverse ribs of the unitary element in Figure 1;

35 ~ Figure 11 represents a detailed wview of the
assembly of ribs and shafts of the endoprosthesis
according to the invention.

If reference is made f:.rstly to Figures 1 and
2, it will be seen that a unitary element 1 of the
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- Figure 6 represents in perspective, with 25 partla

secti‘oning, a systemfor application of the Tthh ik&ﬂdmmm '
according to the invention. _ - Flg s in
perspective, wth partial sectioning, the m"jﬁ sten1
in.Figure 6, on which the engoprosthe5|s |s e 30
- Figure '8 represents in perspective, wth rtla

sectioni ng, theepdepragphestsi agcexdingm & the n"enti°nV\ﬁPEﬁ"Fﬁ§ of
endoprost hesi s ipgot €8gt@PCkhatts 4 and 5 which arei gjotaeda,tdbaand 9c

;i?;ﬁ:?g;: I?hgrigizimediate shatt 5= Iongéa.nsbe]:: SibdUY "gns A 2zl L e
arranged in Vs in the same direction, like a fishbone
5 or herringbone.
In order to tension this unitary element 1, it
is necessary to stress the adjacent longitudinal shafts
in the opposite direction, that is to say the shafts 4
and 5 in the opposite direction to the shaft 3. The
10 "vis all being arranged in the same direction, the
lengthening is minimal when the element 1 is stretched
out, in contrast to the existing meshed prostheses
whose meshes form rhombi which lengthen on traction,
each lengthening adding to that of the adjacent rhombus
15 in such a way that a very considerable overall
lengthening is eventually cbtained. '
Figure 2 shows the element 1 flattened under
the effect of the tractions, in opposite directions, on
the outer shafts 4 and 5 and the intermediate shaft 3.
20 Referring to Figures 3, 4 and 5, it will be
seen that’ the assembling, by longitudinal
juxtaposition, of 2, 3 or 4 unitary elements 1 makes it
possible to obtain elastic cylindefs 53, 54, 55 whose
tractions on the adjacent shafts, in opposite
25 directions, allow the diameter to be xeduced. The

— relaxing of the traction in a vessel of suitable
E’ - calibre allows the endoprosthesis to remain firmly
: QQ applied on its walls (see Figure 9c) on account of the
"g_ f‘i'} ela..st:icity of its xribs. The "v* shape of the ribs
'c:-‘_e ‘; 30| permits a uniform circular elasticity on account of the
= &N spreading force which they apply at their base, the
== assembly of contiguous "vrs forming a uniform ring

whose internal lumen is circular and uniform (see

Figure 11).

35 For its introduction, for example into a blood
vessel where the intention is to hold the walls spaced
apart, the endoprosthesis is placed on the application
system 7 represented in Figures 6 to 8, which allows it
to be brought to the desired location.



3 position of the principal shafts about the central
shaft of the application system Figure 9c show ng the ngisEhebiQs Béen RBSaced

shafts when the prosthesis has been . Pplaced 'I“Iﬂ"ll“l”ﬂ'l““l

-6 -
The application device 7 consists of two

concentric cylinders 8 and 9 sliding one upon the
other. The distal part of the inner cylinder 8 is
equipped with studs 81 on which is fixed one end of the

5 endoprosthesis 54, the other end of which is fixed on
the outer cylinder 9 equipped at its distal end with
the same number of studs 91. '

By sliding the outer cylinder 9 on the inner
cylinder 8, the endoprosthesis 54 is stretched out,

10 reducing its diameter. By relaxing the tension, the
increase in its diameter allows it to fasten on the
wall of the vessel 10 (see Figure 9) which it holds
open.

' The endoprosthesis 54 is fixed on the

15 application device 7 at orifices which are arranged at
its ends and which are formed by the closing together,
during assembling of the unitary elements 1, of notches
51 formed at the ends of the said unitary elements 1,
as can be observed in Figure 11.

20 In this same Figure 11, it will be seen that
the transverse ribs 2 can be equipped with notches 21
in the wvicinity of their ends in orxrder to facilitate
the closure of the angles which théy form with the
shafts 3, 4 and 5 during positioning of the

25 endoprosthesis.




- 5- - Figure 10 represents the ring formed by the
transverse ribs of the unitary element in Figure 1; K -

Figure 11 represents—a—detailed view of the r| bs

and shafts of the i prost hesi s ' 5 accordlng
If reference is | ure [SIC] 1 m WI||
be seen that a un m "Uﬂ!'mmm”uﬁ t he™

CLAIMS

1. Vascular endoprosthesis intended to support the
walls of anatomical channels, characterized in that it
5 is formed by the assembling,' by longitudinal
juxtaposition, of unitary elements (1) including
'flexible and elastic longitudinal shafts (3, 4, 5)
" which are joined to each other via transverse ribs (2)
which are also flexible and elastic and which are fixed

10 on the intermediate shaft (3) in such a way as to form
nyng with the said shaft (3), the assembly constituting
a fishbone structure, the assembling of which by
juxtaposition forms an openworked cylinder (53, 54,
55). : '

15 2. Endoprosthesis .accoxrding to Claim 1,
characterized in that it is made of a material chosen
from the group formed by metals, metal alloys and
plastic materials. _ '
3. Endoprosthesis according to Claim 1,

20 characterized in that it is equipped at its ends with
orifices (51) which allow it to be £fixed to an
application device (7). .

4. Application device (7) for the endoprosthesis
according to any one of the preceding claims,

25 characterized in that it consists of two concentric
cylinders (8, 9) which are each equipped at the distal
end with studs (81, 91) of egqual number and which can
slide one upon the other in such a way as to stretch
ocout and flatten the prosthesis (54) for the purpose of

30 positioning it in the channel (10) where it is to be
installed.




endopr,ost hesis according to the invention consists of - two outer
shafts 4 and 5 which are joined to an - 10 internediate shaft 3 by
means of ribs 2 which are arranged in Vs in the same direction,
i ke a fishbone or herringbone. In order to
tension this unitary elenent 1, it IS necessary to stress the
adj acent |ongitudinal shafts 15 gin the opposite direction, that is
to say the shafts 4 SELF-EXPANDING YASCUIAR ERPOPRDSTHEGES! I On to the
shaft 3. The ~ 'AND DEVIGE FOR aTSAPPLICATION Sanme direction,

t he | engthening is mnimal when the elenent 1 is stretched

~ ABSTRACT.

Vascular endoprosthesis intended to support the
walls of anatomical channels.

It is formed by the assembling, by longitudinal
juxtaposition, of unitary elements (1) including
flexible and elastic longitudinal shafts (3, 4, 5)
which are joined to each other via transverse ribs (2)
which are also flexible and elastic and which are fixed
on the intermediate shaft (3) in such a way as to form
"v*s with the said shaft (3), the assembly constituting
a fishbone structure, the assembling of which by
juxtaposition forms an openworked cylinder (53).

Figure 3




out, in contrast to the existing nmeshed prostheses 20 whose neshes

form'rhonbi which | engthen on traction, each | engt heni ng addi ng
to that of the adjacent rhonbus in such a way that a very
consi der abl e overall | engt heni ng i s eventual | y obt ai ned.

Figure 2 shows the elenent 1 flattened under 25—the-effect.of the
tractions, in opposite directions, on thqhggﬂfr shafts 4 and 5
and the ‘i nternedi ate shaft 3. 1/4 Ref mmf iRegplices 3, 4
and 5, it will be seen that t he _asg J”

| ongi t udi nal juxtaposition, of 2, 3 or 4 s 1
makes it

& Fig.1 dy
32 5\ 2 .
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30 possible to obtain elastic cylinders 53, 54, 55 whose

tractions on the adjacent shafts, in opposite

directions, allow the diameter to be reduced. The

relaxing of the traction in a vessel of suitable - calibre
allows *the endoprosthesis to remain firmy applied on its
walls (see Figure 9¢) on account of the elasticity of its ribs. The "V’

shape of t:he ribs permits a uniformecirculaf4elasticity on account of the
spreading force which they apply at their base, the

REPLACEMENT SHEET |
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assenbly of contiguous "V's formng a uniformring
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whose .internal lunen is circular and uniform (see Fi gure 10).
For'its introduction, for exanple into a blood 5 vessel where the

intention is to hold the walls spaced apart, the endoprosthesis is

pl aced on the application system 7 represented in Figures 6 to 8, which
al lows. it to be brought to the desired location. The
application device 7 consists of two 10 concentric cylinders 8 and 9
sliding one upon the other. The distal part of the inner cylinder 8 is

equi pped with studs 81 on which is fixed on&/€nd of the

aw
i
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3.

endopr ost hesi s 54, .the-oLt her end of which is fixed on t he outer

cyl i nder at its distal end with 15 the sane nunber of studs 91.
B o ~cylinder 9 on.the inner cylinder 8, the
g3t " stretched out, redycing its-diameter. By relaxing
ension, the t | increase inits dianeter allows it to fasten ‘on the 20
o g pECVBREel} 10 (see Figure 9) which it holds open.
endopr ost hesi 54 PBELF-EXRANDING VASGULAR ENDOPRBASTBESIRVIi ce 7 at

are afranged ahNp DEVICE FOR ITS APPLICATION

The' present invention concerns the medico-

5 chirurgical f£ield, in particular arterial disease, but

< also, in a more general manner, disease of other blood
' vessels, such as the veins, and it relates to a self-
expanding wvascular endopfosthesis with permanent
elasticity and with low shortening, as defined in the

10 preamble of Claim 1. An endoprosthesis of this type is
disclosed in document DE-A-3417738, although in the
latter it is described in particular for use as a blood
filter.

In the present state of the art, there are

15 already endoluminal arterial prostheses which are
referred to in the international medical literature by
the English term “stent®.

These prostheses are of two types:

- some made of non-elastic metal material,

20 expandable from the inside outward under the action of
an inflatable balloon;

- others made of elastic metal material (see
for example 'DE-U-8812719) and/or consisting of metal
meéhes; :

25 they are introduced tensioned into the lumen of the
vessel and their diameter increases when the
longitudinal extension is relaxed.

These prostheses have various disadvantages:

- those of the first type require to be _

30 carefully fitted on a balloon since, once they are
expanded, they can no longer be withdrawn;

- those of the second type do not have this
disadvantage, but the structure of their meshes
necessitates a considerable 1ongitudir§a1 extension in

35 order to reduce their diameter, which is an essential
condition in order to be able to introduce them into a
vessel; once introduced, their retraction inside the

vessel is also very considerable, resulting in fitting



its ends and which are forned by the closing together, 25 during
assenbling of the unitary elenents 1, of notches 51 fornmed at the ends
of the said unitary elenents 1, as can be observed in Figure 11

In this sane Figure 11, it will be seen thag = the transverse ribs 2 can
be equi pped with notches 21 30 in the vicinity of their ends in order to

(RoLLtAe R AASELRL LOE AISheR I o " Ut e e
vessel over a length of several centimetres.
In order to avoid the need for too great an
extension and the friction on the walls, the endo-
5 prosthesis according to the invention is constructed in
accordance with a specific geometry which is the basis
for its novelty.
The endoprosthesis .according to the invention
is defined in Claim 1 and is characterized essentially
10 din that it is cylindrical on the whole and is formed by
the assembling of longitudinal shafts of even.number,
made of solid and elastic materials, to which there are
joined, transversely at a defined angle, ribs which are
also elastic and which form, between two 'adjac'e_r'xt
15 shafts, regular scales, the various scales joined
' longitudinally forming a widely openworked cylindez:.
The endoprosthesis according to the invention

e’

consists of the assembly of unitary elements comprising
three shafts: starting from the two outer shafts,

20 transverse elastic ribs join the intermediate shaft at
a convergent angle, the said transverse ribs being in
an open "V" sghape, forming, with the intermediate
shaft, a "fishbone" structure.

When longitudinal tractions are exerted on the

25 buf;.er shafts and the intermediate shaft in opposite
directions, the "v"s close, bringing the outer shafts
closer to the intermediate shaft. The longitudinal
displacement of the shafts is very slight to obtain the
closure of the "V*s and the closing together of the

30 shafts. _

The tractions exerted on the enti_re prosthesis
by pulling the adjacent longitudinal shafts in opposite
directions provoke a decrease in the diameter of the
cylinder by closing the said shafts together. It is

35 therefore possible to pass £rom a widely openworked
cylindrical tube of a given radius to a tube of smaller

radius by means of .a slight extension and by means of a

. REPLACEMENT SHEETiyht longitudinal displacement of the shafts.
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The structure of the "V"-ghaped ribs being
elastic, the tube resumes its initial shape when the
traction is relaxed. | )

The diameter of the prosthesis according to the
invention is a function of the anatomical channel to be
equipped, and it can vary from a few millimetres to a
few centimetres, while its 1length is also adapted
according to the requirements.

Even though the present invention includes
solely the prosthesis which has just been described,
for the sake of clarity the description alsoc refers to
its application system, made up of two concentric
cylinders of small diameters, the distal end of the
endoprosthesis being fixed to the end of the cylinder
of smaller diameter, and its proximal end to the end of
the cylinder of greater diameter.

By pulling on the cylinder of greater diameter,
the endoprosthesis is extended in order to reduce its
diameter. Thus tensioned, it can be brought to the
desired location; it is then relaxed in order to push
back the walls of the artery. It can be tensioned again
in order to displace it, if necessary, as long as it is
not disconnected from the application system. During
introduction and displacement, the whole assembly can
be  covered by a third cylinder which protects the
prosthesis and p;revents any catching on the walls of
the vessels.

The endoprosthesis according to the invention
is made of a material capable of maintaining a
permé.nent elastici_ty, so as to be able to spread open
the walls, for example of an artery, and remain ‘'in
place despite the flow of the blood stream and any
widening of the diameter of the vessels due to their
inherent elasticity and alternating wvariations in
pressure.

The material employed can be an elastic metal,

~alloy, or a plastic material capable of maintaining

10 DEC 997
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Selfrexpandihg ng
i ntended te keep the walls of a blood vessel 5 spread apart, consisting

elenents (1) assenbl ed by | ongitudi nal juxtaposition in

three flexible and elastic
5) which are parallel and external, of 10 which . one (3) 1is. positioned
Theetamivprosthesdshaicedydingputer tidafihgentiion 5),
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“endoprosthesis = with | ow short eni ng

as to.forman openworked cyljnder, each unitary el ement
'I*ongi t udi nal

can moreover be covered either with a bioclogical
coating or with a protective substance off'ering little
adherence to the blood having to flow across it.

On account of _its geometr;y. the prosthesis
according to the invention has the advantage of being
elastic, self-expanding with 1little shortening, and
foldable as long as it is not disconnected from its
application system.

The present invention will be better understood
from reading the following description of some of its
embodiments, illustrated in the attached drawing, it
being understood that this description is not of a

- restrictive nature as regards the invention.

In the attached drawing:

- Figure 1 -represents a partial wview of a
unitary element of the endoprosthesis according to the
invention;

- Figure 2 represents the same element after

extension;
- Figures 3, 4 and 5 represent endoprostheses

which are obtained by longitudinal juxtaposition of 2,
3 or 4 unitary elements, respectively, from Figure 1;

- - Figure 6 represents in pexspective, with
pai‘tiai sectioning, a system for application of the
prosthesis according to the invention.

- PFigure 7 represents in perspective, with

partial sectioning, the application system in Figure 6,
on-which the endoprosthesis is fixed;

- Figure 8 represents in perspective, with

partial sectioning, the same application  system on

which the endoprosthesis is tensioned;
- Figures 9a, 9b and 9c represent, in cross-

sections, before, during and after. .extension, - the
position of the principal shafts about the central

shaft of the application system; Figure 9c showing the

position of the shafts when the prosthesis has been

placed in an artery;

shafts (3, 4,



transverse ribs . (2) which _are also flexible and el asti c, o
characterized in that the ribs (2) connect the two outer shafts (4, 5)
to the outer [sic] internediate 15 shaft (3) and are arranged in the sane
direction, in such a way as to form between each other open "V's in

order to constitute, with the internediaté Shaft, a fi shbone structure,
and in that an assenbly of @ contiguous "V' s forns a regular ring whose
internal 20 lunmen is cireulpigursl 1@guepresentd. the FEAPPEQUdEDBPE the

according to O aifLhev@le ity of th&®HntfabPolilheht IR, NN CE OF

four unitary

- Figure 1l represents a detailed view of the

assembly of xribs and shafts of the endoprosthesis
5 according to the invention. '

If ﬁr:eference is made firstly to Figure [sic] 1
and 2, it will be seen that a unitary element 1 of the
endoprosthesis according to the invention consists of
two outer shafts 4 and 5 which are joined to an

10 intermediate shaft 3 by means of ribs 2 which are
arranged in Vs in the same direction, like a fishbone
or herringbone. | '
In order to temsion this unitary element 1, it
is necessary to stress the adjacent iongitudinal shafts
15 in the opposite direction, that is to say the shafts 4
and 5 in the opposite direction to the sha.ft 3. The
"V's all being arranged in the same direction, the
lengthening is minimal when the element 1 is stretched
out, in contrast to the existing meshed prostheses

20 whose meshes form rhombi which lengthen on traction,
each lengthening adding to that of the adjacent rhombus
in such a way that a very considerable overall
lepgthening is eventually obtained.

Figure 2 shows the element 1 £flattened under

25 the effect.of the tractions, in opposite directions, on
the outer shafts 4 and 5 and the intermediate shaft 3.

Referring to Figures 3, 4 and 5, it will be
seen, that the assembling, by longitudinal
juxtaposition, of 2, 3 or 4 unitary elements 1 makes it

30 possible to obtain elastic cylinders 53., 54, 55 whose
tractions on the adjacent shafts, in opposite
directions, allow the diameter to be reduced. The
relaxing of the traction in a wvessel of suitable
_ calibre allows the endoprosthesis to remain f£irmly
i 33 applied-on its walls (see Figure 9c) on account of the
elasticity of its xibs. The "V" shape of the xribs
permits a uniform circular elasticity on account of the
spreading force which they apply at their base, the
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el enent s. 3. JEnddprosthesis according to Claim1l, character- 25

ized inthat it*is made of a material chosen fromthe group consi sting
of a netal, a nmetal alloy, and a - plastic material. 4. )
. Endoprost hesis according to Caim1, character- ized in that it is.
- covered by a biological coating or a 30 protective substance with little
- adherence to any liquid flowing thereip.g . 5. Endopr ost hesi s
. according to Caim1l, character- ized in that the longitudinal shafts

(3, 4, 5) and/or .
. : assembly of contiguous "V's forming 'a uniform ring

whose int;ernal lumen is circular and uniform (see
Figure 10)._ .
For its introduction, for example into a blood
5 +vessel where the intention is to hold the walls spaced
apart, the endoprésthesis is placed on the application
system 7 represented in Figures 6 to 8, which allows it
to be brought to the desired location.
The application device 7 <consists of two
10 concentric cylinders -8 and 9 esliding one upon the
other. The distal part of the inner cylinder 8 is
equipped with studs 81 on which is fixed one end of the
" . endoprosthesis 54, the other end of which is fixed on
the outer cylinder 9 equipped at its distal end with
15 the same number of studs 91.°
' By sliding the outer cylinder 9 on the inner
cylinder 8, the endoprosthesis 54 is stretched out,
reducing 4its diameter. By relaxing the tension, the
increase in its diameter -allows it to fasten on the
20 wall of the vessel 10 (see Figure 9) which it holds
open.

: The endoprosthesis 54 is <fixed on the
application device 7 at orifices which are arranged at
its ends and which are formed by the closing together,

25 during assembling of the unitary elements 1, of notches
51 formed at the ends of the said unitary elements 1,
as can be observed in Figure 11. _

In this same Figure 11, it will be seen that
the transverse ribs 2 can be equipped with notches 21

30 in the vicinity of their ends in order ‘to facilitate
the closure of the angles which they form with the
shafts 3, 4 and 5 during positioning of the

endoprosthesis.
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t he transverse_ribé (2)'include not ches (51). 35
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CLAIMS

1. " Self-expanding endoprosthesis with | 1ow&
shortening intended to keep the walls of a blood vessel
spread “apart, consisting' ofﬂ un:.tary ”e_ién{énts_' (1)
assembled by longitudinal j'uxtaposition in such a way
as to form an openworked cylinder, each unitary element
comprising three flexible and elastic longitudinal
shafts (3,- 4,'.'5') ‘which are parallél and extermnal, of
which: . one (3)_ .i_s.'. positioned in intermediate manner
between_ i:he ~other two 'ou.ter shafts (4, 5), and
transverse 'r:i-.bs._ (2) which are also £flexible and
elastic, characterized in that the ribs (2) connect the

. two outer shafts (4, 5) to the outer [sic] intermediate

shaft (3) and are arranged in the same direction, in
such a way as to form between each other open "V's in
order to constitute, with the intermediate shaft, a
fishbone structure, and in that an assembly of
contiguous "V¥"s forms a regular ring whose internal
lumen is circular and regular.

2. Endoprosthesis according to Claim 1, character—
ized in that it is made up of three or four unitary
elemerits. o
3. Endoprosthesis according to Claim 1, character-
ized in that it is made of a material chosen from the
group consisting of a metal, a metal alloy, and a
plastic material. .

4, Endoprosthesis according to Claim 1, character-
ized in that it is covered by a bioclogical coating or a
protective substance with 1little adherence to any
liquid flowing therein.

5. Endoprosthesis according to Claim 1, character-
ized in that the longitudinal shafts (3, 4, 5) and/or
the transverse ribs; (2) include notclies’ (51).
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