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Description

Background of the invention

Field of the invention

[0001] The present invention relates to an implant for
the closing of defect openings in the body of a human or
animal and to a system for the placement of such an
implant.
[0002] In particular in the treatment of vascular disor-
ders, in order to reduce the risk of complications and
reduce the trauma for patients caused by major opera-
tions it has been endeavoured for years to treat vascular
defects by minimally invasive surgery. In such surgery,
the site to be treated is not opened directly by an oper-
ation but instead instruments and implants are introduced
through relatively small incisions, in particular into the
abdominal cavity. In cardiology, treatment is preferably
carried out by means of catheters, which are introduced
into the vascular system at a suitable location, in partic-
ular via the major arteries of the leg. In this so-called
interventional treatment, instruments and implants are
introduced through the catheters or sheaths in order to
perform the interventions.
[0003] In particular for the treatment of septal defects
of the heart, interventional treatment offers enormous ad-
vantages, since it is not necessary to open the thorax
and cut open the heart, which is sensitive and difficult to
stop.
[0004] For this purpose, the prior art discloses a series
of implants and catheter systems with which implants for
the closure of defect openings can be introduced into the
body and placed at the site of the defect.

Description of the prior art

[0005] An implant of the type mentioned at the begin-
ning and a catheter system for the placement of such an
implant are described in WO 97/28744. In this document
there are also a large number of references to further
literature and a discussion of US 5,108,420 A, DE 42 22
291 A1, DE 28 22 603 A and WO 96/01591.
[0006] Furthermore, WO 93/13712 discloses an im-
plant for the closure of septal defects which in the im-
planted state assumes a double-cone or double-disc con-
figuration, the outer structures respectively being formed
by wire elements which are not directly connected to one
another and are covered with fabric membranes, with the
fabric membranes being sewn together in a radius cor-
responding to the defect to be closed. A major disadvan-
tage of this system is that the implant constructed from
a plurality of structural elements requires considerable
effort for its assembly, in particular since the diameter of
the sewn region has to be adapted to the diameter of the
septal defect to be closed. Mass production instead of
complex one-off fabrication could only be achieved if
large quantities of such implants with graduated diame-

ters of the sewn seams were produced surplus to imme-
diate requirements and kept in stock. It goes without say-
ing that such a course of action would not necessarily be
economically advantageous in comparison with one-off
assembly, since an enormous number of implants which
may never be used would have to be stored at delivery
depots and the like.
[0007] In WO 95/27448 there is a description of an
implant which is to be used as a vein filter and for which
it is also proposed that it be used as a load-bearing struc-
ture for a septal closure. In this case, a relatively elon-
gated double cone is formed from a series of individual
wires, the cones being directed towards each other in
the manner of a bone in one configuration and being
made to point in the same direction, similar to a fly agaric
toadstool, in a further configuration.
[0008] US 5,433,727 A discloses an implant in which
a type of umbrella is placed in front of a septal defect and
is secured through the defect by a counter-closure, which
is essentially formed by four loops respectively produced
by a wire, which unfold when ejected from a catheter and
are intended to prevent the implant from slipping through
to the umbrella side.
[0009] Finally, EP 0 474 887 A1 discloses an implant
in which two round or otherwise polygonally shaped seal-
ing patches, which are respectively stretched out by a
peripheral compliant frame element, are connected inter
alia by means of a multiplicity of threads, which have to
be pulled tight through the catheter for the placement of
the implant. In a further embodiment, a central snap clo-
sure is to be provided for the positional securement of
the two patches. The implant described there is very dif-
ficult to place on account of the considerable effort need-
ed for its manipulation and also requires complicated as-
sembly which is very prone to faults.
[0010] An implant for the closure of septal defects in
particular, with which quite secure placement is possible
and with which erroneous seating can be corrected and,
if necessary, the implant can be withdrawn again into a
catheter until it is finally discharged, is described in the
already mentioned WO 97/28744. The implant described
there unfolds of its own accord, on account of a second-
ary structure impressed on it, when it is ejected from the
catheter and adapts itself within broad limits to the di-
mensions of the defect by elastic forces. On account of
the structure impressed in the superelastic material de-
scribed, the parts of the implant arranged in the manner
of a double disc on both sides of the septum clamp elas-
tically against the surrounding region of the septum and
in this way lead to a particularly secure seating and low
leakage, the so-called residual shunt. In this case, the
implant is formed by a series of wire-shaped elements,
which are connected to one another by suitable joining
processes, such as ultrasonic welding or brazing. Finally,
the Implant is also provided with a covering, which is
appropriately fastened to the wire-shaped elements.
[0011] If suitable for the treatment of septal defects, all
the implants described have the disadvantage that they

1 2 



EP 1 246 570 B9

3

5

10

15

20

25

30

35

40

45

50

55

comprise a plurality of individual parts which have to be
assembled or connected to one another by joining proc-
esses. This is not a major problem for verifying the func-
tional capability of such an implant and when small num-
bers are concerned, but is not very expedient for mass
production, since the reliable functioning of the connect-
ing locations has to be checked, involving considerable
effort in terms of quality assurance, because of the great
responsibility which the product entails, and the same
applies to the other assembly steps. Voids possibly oc-
curring during the joining processes also harbour the risk
that during production they will be colonized by germs,
which possibly cannot be reliably killed by sterilization
and may be released after prolonged use or if fatigue
ruptures occur.

Summary of the invention

[0012] The invention is therefore based on the object
of providing an improved implant in comparison with the
known implants, in particular with regard to economical
mass production, and a placement system.
[0013] This object is achieved according to the inven-
tion by an implant for the closing of defect openings in
the body of a human or animal, with a load-bearing struc-
ture which, in a first operating state defined as a primary
form, has a great ratio of length to transverse extent along
an axis and, at least in a further operating state defined
as a secondary form, has a much smaller ratio of length
to transverse extent along the axis, the load-bearing
structure being capable of being reversibly transformed
from the secondary form into the primary form by exertion
of a force against elastic material forces, the secondary
form assuming approximately the form of a double disc
with a proximal disc element and a distal disc element
for receiving the surroundings of the defect opening be-
tween the disc elements, wherein the load-bearing struc-
ture is formed in one piece without joining connections
and by a tube of metallic shape-memory material slit over
a single portion of part of its length.
[0014] The way in which an implant is designed ac-
cording to the invention not only makes it possible to com-
bine virtually all the functional advantages of the implants
known from the prior art, such as self-centring, automatic
adaptation to the size of the defect to be closed, self-
clamping to the surrounding tissue, fast growth with ep-
ithelial tissue due to minimal residual flow and mechan-
ical stability, but also makes economical mass production
possible by reduced effort in terms of machining, assem-
bly and quality assurance, and last but not least a low
required number of variants for children and adults. This
also makes it possible to make the costs of treating oth-
erwise life-threatening heart defects affordable even for
those people who were previously excluded from enjoy-
ing the benefits of modem medicine.
[0015] The load-bearing structure being formed es-
sentially in one piece without joining connections mini-
mises the risk of a failure of the structure, as no connec-

tions may be subject to a failure of the same, for instance
due to embrittlement of a weld connection.
[0016] The advantageous feature of the implant ac-
cording to the invention wherein the load-bearing struc-
ture is formed by a tube slit over part of its length, allows
the one-piece structure of the load-bearing element to
be favourably maintained with available production proc-
esses.
[0017] The tube consists of a metallic shape-memory
material, whereby an appropriate wall thickness provides
good X-ray visibility, which facilitates the operation.
[0018] For good adaptation of the rigidity of the implant,
it is advantageous if strips are formed along the slit part
of the length along the tube, with the width of the strips
varying along the slit part of the tube.
[0019] For further controlling the rigidity of parts of the
implant, it is particularly expedient if strips are formed
along the slit part of the length along the tube, with holes
being formed in the strips, at least partly along the slit
part of the tube. These holes may also serve for the fas-
tening of one or more membranes for sealing off the de-
fect to be closed.
[0020] If there are great changes in shape, it may be
advantageous if strips are formed along the slit part of
the length along the tube, with the strips arranged spirally
with respect to the axis of the implant, at least over part
of their length, whereby a tangential arrangement of the
strips in the manner of spokes is obtained in the second-
ary form.
[0021] It is particularly economical from a production
engineering viewpoint if strips are formed along the slit
part of the length along the tube, with the mutually facing
contours of respectively neighbouring strips formed in
such a way as to be complementary to one another, at
least along part of their length.
[0022] If offcuts are acceptable, it may also be expe-
dient for forming a required distribution of rigidity if strips
are formed along the slit part of the length along the tube,
with the mutually facing contours of respectively neigh-
bouring strips being formed in such a way as to be mirror-
inverted in relation to one another, at least along part of
their length.
[0023] For particularly dependable placement of the
implant, it is advantageous if the load-bearing element
has a variable rigidity along part of its length, the rigidity
being less in particular in the region in which the proximal
disc element is formed than in the region in which the
distal disc element is formed. As a result, the implant can
initially be inserted right through the opening and the dis-
tal disc element unfolded. Even if this involves bringing
the proximal disc element partly or entirely with it into the
secondary form, it is possible to draw the implant into the
defect opening, since the relatively compliant proximal
part easily slips through the opening, but the more rigid
distal disc element offers great resistance to being inad-
vertently pulled through the opening.
[0024] Particularly precise distribution of rigidity can
be obtained by selective superficial removal in regions
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where the surface of the load-bearing element is etched
and/or electrochemically polished in the region of re-
duced rigidity.
[0025] A particularly good variation of the rigidity of the
distal disc element and proximal disc element can be
obtained if strips are formed along a slit part of the length
along the tube, with a strip in the secondary form describ-
ing along the axis from the proximal end of the implant
an arc which is open in the direction of the axis and is
adjoined towards the distal end in opposed curvature by
a loop.
[0026] For obtaining the desired sealing effect of the
implant after implantation and little risk of forming thrombi
during operation, one or more membranes may be fas-
tened to at least some of the holes in the strips at least
for covering the proximal disc element in the secondary
form of the implant. For many applications it may be ad-
vantageous that said one or more membranes are
formed by a stringing with metallic wire or yarn, preferably
in a helix arrangement when assuming the secondary
form. For filter applications a coarse stringing of nitinol
wire may be suitable while a fine stringing of a polymer
yarn may provide greater flow resistance.
[0027] For receiving a placement system, it is advan-
tageous if the load-bearing element has at its proximal
end and its distal end in each case at least one through-
hole, which are arranged approximately in line with one
another and approximately on the axis, and the hole at
the distal end having a smaller diameter than the hole at
the proximal end, and/or if the load-bearing element has
at its proximal end at least one eyelet for the fastening
of holding elements of a placement system.
[0028] It is further advantageous if the distal end and/or
the proximal end of the implant are configured to allow,
when implanted, proper grasping by a snare type probe
for removal of the implant.
[0029] In a further advantageous embodiment, an im-
plant according to the invention is characterized in that
the load-bearing structure is formed by a tube slit over
two portions of part of its length, so that an unslit portion
remains approximately in the middle of the tube, and in
the secondary form the proximal disc element and the
distal disc element are respectively formed on one side
of the unslit portion for receiving the surroundings of the
defect opening between the disc elements. Preferably,
the unslit portion comprises a hollow passageway in gen-
eral along the axis of the tube, having a predetermined
cross sectional area adapted to a desired shunt flow
when implanted.
[0030] Although this dispenses with the self-centring
of the implant, the formation of a solid middle piece with
a relatively small diameter allows, as a special feature,
the treatment of Persistent Foramen Ovale (PFO), a con-
genital defect of the atrium of the heart which, according
to recent investigations, afflicts approximately every one
in four adults to a more or less noticeable extent. With
this defect, the atrial shunt of the unborn child is not com-
pletely closed but instead a kind of membrane forms,

which however is not joined to the surrounding tissue on
all sides. When there are sudden variations in pressure,
for example during coughing, this membrane may par-
tially open and establish a partial bypass between the
lesser circulation and the greater circulation.
[0031] Thrombi possibly from the vein system may be
swept away when the membrane opens, for example dur-
ing coughing, into the arterial system and may cause a
stroke. Previously known implants are not suitable for
the treatment of PFO because of the disturbance by the
membrane during placement of the implant.
[0032] A further expedient use of the implant according
to the invention is possible without membrane coverage
by it being used as a vascular filter. In this case, depend-
ing e.g. on the diameter of the vena cava, the formation
of the secondary form is reduced, so that a low-cost and
replaceable vascular filter, which can even be removed
again, is obtained for capturing thrombi, while utilizing all
the remaining advantages of the implant and the place-
ment system.
[0033] Another expedient use of a device according to
the invention and optionally a placement system is pos-
sible for the removal of stones or other agglomerates or
foreign bodies from a human or animal body.
[0034] A placement system, in particular for an implant
described above, can be used, with a stretching element
and at least one, preferably two, holding wires, the
stretching element serving for interacting with a distal
end of an implant and the holding wire or wires serving
for interacting with a proximal end of an implant, the im-
plant being capable of being transformed from a primary
form into a secondary form and vice versa by relative
movement of the holding wires in relation to the stretching
element.
[0035] The placement system allows the implantation
of, in particular, an implant according to the invention to
be significantly simplified and made more dependable
by simple and reliable means, by the implant being dis-
charged completely from the introducing catheter and
able just to "float" on the stretching element at the placed
site, so that checking for a satisfactory seating and ade-
quate sealing effect when the heart is working, and being
moved correspondingly vigorously, can be performed,
with the possibility of replacement if need be.
[0036] In a particularly advantageous configuration, in
a placement system the stretching element is formed by
a stretching cannula, and furthermore the placement sys-
tem has a guiding wire led through the stretching cannula,
and at least one, preferably two, holding wires, with the
implant being capable of being transformed from a pri-
mary form into a secondary form and vice versa by rel-
ative movement of the holding wires in relation to the
stretching cannula along the guiding wire. This makes it
possible initially to lay the soft guiding wire through the
body, including the defect opening to be closed, and sub-
sequently advance the implant together with the catheter
and the stretching cannula blindly and dependably to the
defect opening, whereby the success rate is increased
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and the duration of an operation is significantly reduced.
What is more, lower exposure of the patient to X-ray ra-
diation can be achieved.
[0037] For particularly great dependability in the im-
plantation, it is advantageous if the stretching element is
intended to interact with a loss-preventing means provid-
ed at the distal end of an implant, preventing unintentional
separation of the implant from the stretching element.
[0038] Another suitable embodiment of a placement
system has a stretching element and at least one holding
wire, the stretching element serving for interacting with
an end of an implant, the implant being capable of being
transformed from a primary form into a secondary form
and vice versa, and which furthermore has one or more
guiding wires led in general through the implant and
through a loop formed in the holding wire, wherein at
least one of the guiding wires is led over a part of the
length of the implant over the outer circumference of the
same and the holding wire or wires serving for interacting
with at least one of the guiding wires so that the implant
is secured to the placement system unless the guiding
wires or the holding wire or wires are removed, preventing
unintentional separation of the implant from the place-
ment system.
[0039] For operating through small vessel, e.g. of a
child, the placement may be characterized in that the
stretching element is formed by a section of a guiding
wire having a larger cross sectional dimension than the
remainder of the guiding wire.

Brief description of the drawings

[0040] The invention is to be described in more detail
below on the basis of exemplary embodiments repre-
sented in the attached drawings, in which:

Figure 1 shows an implant according to the invention
in a perspective view, partly unfolded, with elements
of a placement system;
Figure 2 shows two tubes with cuts for the forming
of implants according to the invention;
Figure 3 shows a schematic developed projection of
a portion of a tube according to Figure 2 for repre-
senting the arrangement of the cuts;
Figure 4 shows a schematic developed projection of
a portion of a tube according to Figure 2 with a rep-
resentation of another arrangement of the cuts;
Figure 5 shows a tube according to Figure 2, com-
pressed after cutting;
Figure 6 shows a tube according to Figure 5, turned
further;
Figure 7 shows an implant according to the invention
with a membrane in a perspective view, virtually
transformed into the secondary form;
Figure 8 shows an implant according to the invention
after the impressing of the secondary form, in a per-
spective view;
Figures 9a-c show further implants according to the

invention after the impressing of the secondary form,
in a plan view;
Figure 10 shows a schematic view of an individual
strip of a particularly preferred embodiment of an im-
plant according to the invention;
Figures 11a,b show ends of an implant according to
the invention during production;
Figure 12 shows ends of an implant according to the
invention with elements of a placement system ac-
cording to the invention;
Figure 13 shows another embodiment of an implant,
for the treatment of PFO, according to the invention
after the impressing of the secondary form, in a side
view;
Figures 14a and b show a further embodiment of an
implant according to the invention after the impress-
ing of the secondary form, in a front view and a side
view in a transitional state between primary and sec-
ondary forms of the implant;
Figures 15a and b show another implant according
to the invention after the impressing of the secondary
form wherein the membrane is replaced by a string-
ing, in a perspective view, and in a transitional state
between primary and secondary forms of the im-
plant;
Figures 16a and b show a further embodiment of a
distal end of an implant according to the invention,
in side and perspective views; and
Figures 17a and b show a further proximal end of an
implant according to the invention with elements of
a placement system not being part of the invention.

Description of preferred embodiments of the invention

[0041] Represented in a perspective view in Figure 1
is an implant according to the invention, which has partly
unfolded from its primary form into the secondary form,
together with elements of a placement system. The con-
figuration represented in Figure 1 is typically obtained
during the placement of the implant.
[0042] The load-bearing structure of an implant ac-
cording to the invention, represented in Figure 1, is ex-
pediently produced from a tube 1 made of nitinol. Nitinol
is a nickel-titanium alloy which has not only superelas-
ticity but also the property of shape memory and is there-
fore particularly suited for this application. By fine laser-
beam cutting, the tube 1 is slit in such a way that a number
of strips 2 form. The slitting of course only takes place
over part of the length of the tube 1. Furthermore, holes
3 can also be cut into the strips 2 in the same way, in
order to obtain the desired distribution of rigidity and to
allow one or more membranes to be fitted later. The holes
may be of any expedient shape and size, for example
also elliptically shaped.
[0043] Although the use of slit nitinol tubes for produc-
ing an implant according to the invention does not nec-
essarily conform to the view in the literature of using as
little material as possible, the corresponding amount of
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material provides good X-ray visibility and consequently
dependable and quick implantation by the operating sur-
geon. Furthermore, adequate mechanical stability is re-
quired in order for it to withstand permanently the differ-
ence in pressure between the two ventricles of the heart
of typically 100 mbar without deforming to such an extent
that there is the risk of it slipping out. Further, the material
of the tube may also be varied and adapted to the use
of NMR control during operation instead of X-rays.
[0044] During the laser-beam cutting of such a tube 1,
for example made of nitinol, it must be ensured by cor-
responding selection of the parameters that only the in-
tended side of the tube is cut through, but the opposite
inside wall of the tube is not damaged. By using a pulsed
cutting laser, this can take place for example by reducing
the pulse energy while increasing the pulse frequency
and/or reducing the cutting rate.
[0045] Figure 3 shows in a schematic developed pro-
jection of a tube a sectional profile with complementary
edges of the strips, which is optimal with regard to pro-
duction costs, since no offcuts are created and minimal
cutting distances are necessary; the rigidity can be adapt-
ed by means of the shape, distribution and size of the
holes.
[0046] Figure 4 shows in a schematic developed pro-
jection of a portion of the tube a mirror-inverted arrange-
ment of the edges of the strips. Although this produces
a region with offcuts, greater rigidity can be obtained.
[0047] After the cutting, the tube 1 is compressed, as
can be seen in Figure 5. As a result, the strips 2 form a
bulge 4. By turning the distal end 12 and the proximal
end 13, an umbrella of a large diameter is produced. By
further turning, this umbrella is constricted in the middle
5, so that a distal disc element 6 and a proximal disc
element 7 form (Figure 6).
[0048] By annealing at an appropriate temperature in
a mould, the secondary form, as perspectively represent-
ed for example in Figure 8, is impressed into the load-
bearing structure. With corresponding coverage with a
membrane 8, the implant can be completed (Figure 7).
In this case, it is also possible for a plurality of membranes
8 to be used, depending on the required sealing effect,
since these membranes generally comprise a netting-
like structure. At the same time, the membranes 8 may
also be provided on different sides of the implant or en-
velop the implant like a pulled-over sock, with appropriate
openings for a placement system.
[0049] It is not required that the membrane 8 provide
for a hermetically sealing when implanted in the defect
opening, but the provision of a suitable resistance against
flow through the implant will do.
[0050] Suitable materials for the membranes 8 include,
but not limited to, biocompatible grade PET yarn or fabric
(e.g. Dacron®), PTFE (polytetraflourethylene), polyeth-
ylene (PE), and biocompatible grade polyurethanes. The
membranes 8 may be fixed to the strips 2 by way of ad-
hesive, by sewing as well as by welding of the membrane
material through the holes 3 or to an auxiliary material,

preferably by ultra sonic welding.
[0051] Represented in Figures 9a to 9c are further em-
bodiments of the secondary form of load-bearing struc-
tures of implants according to the invention, which are
attributable to different numbers of strips 2 and differently
impressed shaping.
[0052] Schematically represented in Figure 10 is a par-
ticularly preferred shaping of a strip 2, looking along the
longitudinal axis 9 of the tube 1. A particularly good var-
iation of the rigidity of the distal disc element and proximal
disc element is obtained in this way, since the strip 2 in
the secondary form describes along the axis 9 from the
proximal end of the implant an arc 10 which is open in
the direction of the axis and adjoined towards the distal
end in opposed curvature by a loop 11.
[0053] The shape of the strips 2, but also selective ma-
terial removal on parts of the strips 2, allow a desired
distribution of rigidity to be set, providing a form which
can be implanted more easily, in which the proximal disc
element 7 is made softer than the distal disc element 6
(see Figure 1).
[0054] An advantageous formation of the distal end 12
and proximal end 13 can be seen in Figures 11a and
11b. In this case, one or two lugs 15 provided with a hole
14 are produced during the cutting and are bent together
before the annealing (Figure 11b), so that a small hole
is obtained along the axis 9. Formed onto the proximal
end 13 are two eyelets 16, which can receive flexible
holding wires 17 of a placement system according to the
invention (Figure 12).
[0055] At the same time, the distal end 12, closed by
the lugs 15, forms an abutment for a stretching cannula
18, whereby the implant can be transformed counter to
the elastic forces of the load-bearing structure with the
aid of the holding wires 17 between the primary form, in
which it virtually assumes the form of the tube 1 after
cutting, and the secondary form (cf. intermediate position
in Figure 1). In the distal end 12 of the implant, a positive
or non-positive securement, known per se, against inad-
vertent stripping off of the stretching cannula 18 may also
be provided.
[0056] This allows the implant to be stretched well,
guided through and out of the catheter and in particular
replaced if need be outside the relatively rigid catheter.
It is particularly advantageous here that the implant and
the parts of the placement system in this case follow the
movements of the treated defect by "floating" (in partic-
ular in the case of the beating heart). This is achieved
due to the angular flexibility of the arrangement which
provides no or little force on the implant although the axis
of the catheter in most deviates from being perpendicular
to the plane of the defect to be closed. The "floating"
further allows discharging of the implant with significantly
minor jolt than known from the prior art. Consequently,
increased immunity to incidents occurring during such
operations is ensured.
[0057] Also expediently used is a relatively soft guiding
wire 19, which is led through the stretching cannula 18
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and the hole 14 in the distal end 12 of the tube 1 and
which may have a bent distal end formed as a pig tail,
and, as a result, can initially be laid without the risk of
perforations through a rigid catheter through the defect
opening. The catheter with the implant can then be ad-
vanced along the guiding wire 19 blindly to all intents and
purposes to the implantation site. As a result, less inten-
sive X-ray irradiation, with its disadvantageous effects,
is also required. Instead of a stretching cannula 18, a
wire tapering conically in the distal direction may also be
used if a guiding wire 19 is not possible or expedient.
[0058] In a further advantageous embodiment, as
schematically shown in Figure 13, the load-bearing struc-
ture in an implant according to the invention is formed by
a tube slit over two portions of part of its length, so that
an unslit portion 26 remains approximately in the middle
of the tube 1, and in the secondary form the proximal disc
element and the distal disc element are respectively
formed on one side of the unslit portion 26 for receiving
the surroundings of the defect opening between the disc
elements.
[0059] Although this dispenses with the self-centring
of the implant, the formation of a solid middle piece 26
with a relatively small diameter allows, as a special fea-
ture, the treatment of Persistent Foramen Ovale (PFO),
a congenital defect of the atrium of the heart which, ac-
cording to recent investigations, afflicts approximately
every one in four adults to a more or less noticeable ex-
tent. With this defect, the atrial shunt of the unborn child
is not completely closed but instead a kind of membrane
forms, which however is not joined to the surrounding
tissue on all sides. When there are sudden variations in
pressure, for example during coughing, this membrane
may partially open and establish a partial bypass be-
tween the lesser circulation and the greater circulation.
[0060] Thrombi possibly from the vein system may be
swept away when the membrane opens, for example dur-
ing coughing, into the arterial system and may cause a
stroke. Previously known implants are not suitable for
the treatment of PFO because of the disturbance by the
membrane during placement of the implant.
[0061] Such an embodiment of the invention, as shown
in Figure 13, further provides the advantage of a tract for
re-drainage by forming a hollow passageway through the
tube like middle piece 26 of the implant. Preferably, the
unslit portion 26 comprises a hollow passageway in gen-
eral along the axis 9 of the tube 1, having a predetermined
cross sectional area allowing a desired shunt flow when
implanted.
[0062] The distal and proximal disk elements formed
with this embodiment may have different diameters each
for a proper fit within the PFO.
[0063] Figures 14a and b shows a further embodiment
of an implant according to the invention after the impress-
ing of the secondary form, in a front view and a side view
in a transitional state between primary and secondary
forms of the implant. This embodiment is characterized
by junctions 20 between adjacent strips 2 providing im-

proved mechanical stability in the secondary form of the
implant for forming large disk elements, exceeding about
40 mm in diameter.
[0064] Figures 15a and b show another implant ac-
cording to the invention after the impressing of the sec-
ondary form wherein the membrane is replaced by a
stringing 21 between opposing strips 2, in particular hav-
ing a helical shape in the secondary form, each. It has
been found that a stringing 21 instead of a sealed mem-
brane provides enough flow resistance to serve as a suit-
able defect closure, having the advantage of requiring
less space in diameter when in the primary form, and
thus, being easier to implant into a small child. The string-
ing 21 may be made from nitinol wire and will be covered
by human or animal tissue within approx. 3 months time.
The stringing may be made also by nitinol wire for filter
applications of the implant.
[0065] Figures 16 a and b show a further embodiment
of a distal end 12 of an implant according to the invention
in side and perspective views. This embodiment has a
ring like structure 22 made during cutting the nitinol tube
1 having a slit 23, and only one lug 15 is formed during
cutting provided with a hole 14 and is bent towards the
ring like structure 22 until the lug 15 rests within the slit
23, before the annealing, so that a small hole 14 is ob-
tained along the axis 9.
[0066] Figures 17 a and 17 b show a further proximal
end of an implant according to the invention with ele-
ments of a placement system not being part of the inven-
tion. A guiding wire 19 led in general through the implant
and through a loop formed in the holding wire 17, wherein
the guiding wire 19 is led over a part of the length of the
implant over the outer circumference of the same. Figure
17 a and b show alternative configurations how the guid-
ing wire 19 is led. In this embodiments a part of the cir-
cumference of the tube 1 at the proximal end 13 of the
implant has a hole 24 and another part 25 is cut away to
form a passageway for both the guiding wire 19 and the
holding wire or wires 17 serving for interacting with the
guiding wire 19 so that the implant is secured to the place-
ment system unless the guiding wire 19 or the holding
wire or wires 17 are removed, preventing unintentional
separation of the implant from the placement system.
Preferably, the stretching element is formed by a section
of the guiding wire 19 having a larger cross sectional
dimension than the remainder of the guiding wire 19, for
instance by way of a conical shape of the guiding wire
19. The shape of the proximal end 13 further allows grip-
ing of the implant by a snare type probe which allows
easy manipulation if the implant is to be replaced or re-
moved after implantation has been completed.
[0067] Alternatively (not shown) the placement system
may have for instance three guiding wires 19 led in gen-
eral through the implant and at least one guiding wire 19
is led through a loop formed in the holding wire 17, where-
in at least one of the guiding wires 19 is led over a part
of the length while the stretching element 18 is formed
by a section of a guiding wire 19 having a larger cross
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sectional dimension than the remainder of the guiding
wire 19, and which is preferably led directly through the
interior of the implant.
[0068] Not represented in the figures are further expe-
dient embodiments of the invention.
[0069] A further expedient use of the implant according
to the invention is possible without membrane coverage
by it being used as a vascular filter. In this case, depend-
ing e.g. on the diameter of the vena cava, the formation
of the secondary form is reduced, so that a low-cost and
replaceable vascular filter is obtained for capturing
thrombi, while utilizing all the remaining advantages of
the implant. If the placement system is used and is not
separated from the implant, for example during an oper-
ation, such a vascular filter can even be removed again.
[0070] A further expedient use of a device according
to the invention is possible for removal of stones or other
agglomerates or foreign bodies from a human or animal
body, preferably when in an intermediate configuration
as shown in Figures 1 and 14b.

Claims

1. Implant for the closing of defect openings In the body
of a human or animal, with a load-bearing structure
which, in a first operating state defined as a primary
form, has a great ratio of length to transverse extent
along an axis (9) and, at least in a further operating
state defined as a secondary form, has a much small-
er ratio of length to transverse extent along the axis
(9), the load-bearing structure (1) being capable of
being reversibly transformed from the secondary
form into the primary form by exertion of a force
against elastic material forces, the secondary form
assuming approximately the form of a double disc
with a proximal disc element (7) and a distal disc
element (6) for receiving the surroundings of the de-
fect opening between the disc elements, character-
ized in that the load-bearing structure (1) is formed
in one piece without joining connections and by a
tube of metallic shape-memory material slit over a
single portion of part of its length.

2. Implant according to either of Claims 1, character-
ized in that strips (2) are formed along the slit part
of the length along the tube (1), with the width of the
strips varying along the slit part of the tube (1).

3. Implant according to one of Claims 1 to 2, charac-
terized in that strips (2) are formed along the slit
part of the length along the tube (1), with holes (3)
being formed in the strips, at least partly along the
slit part of the tube (1).

4. Implant according to one of Claims 1 to 3, charac-
terized in that strips (2) are formed along the slit
part of the length along the tube (1), with the strips,

arranged spirally with respect to the axis (9) of the
implant, at least over part of their length.

5. Implant according to one of Claims 1 to 4, charac-
terized in that strips (2) are formed along the slit
part of the length along the tube (1), with the mutually
facing contours of respectively neighbouring strips
(2) formed in such a way as to be complementary to
one another, at least along part of their length.

6. Implant according to one of Claims 1 to 4, charac-
terized in that strips (2) are formed along the slit
part of the length along the tube (1), with the mutually
facing contours of respectively neighbouring strips
(2) being formed in such a way as to be mirror-in-
verted in relation to one another, at least along part
of their length.

7. Implant according to one of the preceding claims,
characterized in that the load bearing element (1)
has a variable rigidity along part of its length, the
rigidity being less in particular in the region in which
the proximal disc element (7) is formed than in the
region in which the distal disc element (6) is formed.

8. Implant according to Claim 7, characterized in that
the surface of the load-bearing element (1) is etched
and/or electrochemically polished in the region of re-
duced rigidity.

9. Implant according to one of the preceding claims,
characterized in that strips (2) are formed along a
slit part of the length along the tube (1), with a strip
(2) in the secondary form describing along the axis
(9) from the proximal end (13) of the implant an arc
which is open in the direction of the axis (9) and is
adjoined towards the distal end (12) in opposed cur-
vature by a loop.

10. Implant according to claim 3 and one of Claims 4 to
9, characterized in that one or more membranes
(8) are fastened to at least some of the holes (3) in
the strips (2) at least for covering the proximal disc
element (6) in the secondary form of the implant.

11. Implant according to Claim 10, characterized in
that said one or more membranes are formed by a
stringing (21) of metallic wire or yarn, preferably in
a helix arrangement when assuming the secondary
form.

12. Implant according to one of the preceding claims,
characterized in that the load-bearing element (1)
has at its proximal end (13) and its distal end (12) in
each case at least one through-hole, which are ar-
ranged approximately in line with one another and
approximately on the axis (9), and the hole (14) at
the distal end (12) having a smaller diameter than
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the hole at the proximal end (13).

13. Implant according to one of the preceding claims,
characterized in that the load-bearing element (1)
has at its proximal end (13) at least one eyelet (16)
for the fastening of holding elements (17) of a place-
ment system.

14. Implant according to one of claims 12 or 13, char-
acterized in that the distal end (12) and/or the prox-
imal end (13) of the implant are configured to allow,
when implanted, proper grasping by a snare type
probe for removal of the implant.

15. Implant according to one of claims 1 to 9 or 12 to 14,
characterized in that the implant is a vascular filter.

16. Implant according to one of claims 1 to 14, charac-
terized in that the implant is a device for the removal
of stones or other agglomerates or foreign bodies
from a human or animal body.

Patentansprüche

1. Implantat zum Verschließen von Defektöffnungen im
menschlichen oder tierischen Körper, mit einer Trag-
struktur, die in einem ersten Betriebszustand, defi-
niert als eine Primärform, ein großes Verhältnis von
Länge zu Querausdehnung entlang einer Achse (9)
und wenigstens in einem weiteren Betriebszustand,
definiert als eine Sekundärform, ein wesentlich klei-
neres Verhältnis von Länge zu Querausdehnung
entlang der Achse (9) aufweist, wobei die Tragstruk-
tur (1) durch Aufbringen einer Kraft gegen elastische
Materialkräfte aus der Sekundärform in die Primär-
form reversibel überführbar ist, wobei die Sekundär-
form in etwa die Form einer Doppelscheibe annimmt
mit einem proximalen Scheibenelement (7) und ei-
nem distalen Scheibenelement (6) zur Aufnahme
der Umgebung der Defektöffnung zwischen den
Scheibenelementen, dadurch gekennzeichnet,
dass die Tragstruktur (1) einstückig ohne Fügever-
bindungen ausgebildet ist und durch ein Rohr aus
einem metallischen Formgedächtnismaterial, das
über einen Teil seiner Länge geschlitzt ist.

2. Implantat nach Anspruch 1, dadurch gekennzeich-
net, dass entlang des geschlitzten Teiles der Länge
entlang des Rohres (1) Streifen (2) gebildet sind, de-
ren Breite entlang des geschlitzten Teiles des Roh-
res (1) variiert.

3. Implantat nach einem der Ansprüche 1 oder 2, da-
durch gekennzeichnet, dass entlang des ge-
schlitzten Teiles der Länge entlang des Rohres (1)
Streifen (2) gebildet sind, in denen zumindest teil-
weise entlang des geschlitzten Teiles des Rohres

(1) Löcher (3) ausgebildet sind.

4. Implantat nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass entlang des ge-
schlitzten Teiles der Länge entlang des Rohres (1)
Streifen (2) gebildet sind, wobei die Streifen zumin-
dest auf einem Teil ihrer Länge spiralförmig zu der
Achse (9) des Implantats angeordnet sind.

5. Implantat nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, dass entlang des ge-
schlitzten Teiles der Länge entlang des Rohres (1)
Streifen (2) gebildet sind, wobei die einander zuge-
wandten Konturen jeweils benachbarter Streifen (2)
wenigstens entlang eines Teils ihrer Länge zueinan-
der komplementär ausgebildet sind.

6. Implantat nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, dass entlang des ge-
schlitzten Teiles der Länge entlang des Rohres (1)
Streifen (2) gebildet sind, wobei die einander zuge-
wandten Konturen jeweils benachbarter Streifen (2)
wenigstens entlang eines Teils ihrer Länge zueinan-
der spiegelbildlich ausgebildet sind.

7. Implantat nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass das Tragele-
ment (1) entlang eines Teils seiner Länge eine ver-
änderliche Steifigkeit aufweist, wobei insbesondere
die Steifigkeit im dem Bereich, in dem das proximale
Scheibenelement (7) gebildet ist, geringer ist als in
dem Bereich, in dem das distale Scheibenelement
(6) gebildet ist.

8. Implantat nach Anspruch 7, dadurch gekennzeich-
net, dass die Oberfläche des Tragkörpers (1) im Be-
reich der verringerten Steifigkeit geätzt und/oder
elektrochemisch poliert ist.

9. Implantat nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass entlang eines
geschlitzten Teiles der Länge entlang des Rohres
(1) Streifen (2) gebildet sind, wobei ein Streifen (2)
in der Sekundärform entlang der Achse (9) vom pro-
ximalen Ende (13) des Implantats aus einen in Rich-
tung auf die Achse (9) offenen Bogen beschreibt, an
den sich in entgegengesetzter Krümmung eine
Schleife zum distalen Ende (12) hin anschließt.

10. Implantat nach Anspruch 3 und einem der Ansprü-
che 4 bis 9, dadurch gekennzeichnet, dass eine
oder mehrere Membranen (8) zur Bespannung we-
nigstens des distalen Scheibenkörpers (6) in der Se-
kundärform des Implantats an wenigstens einem
Teil der Löcher (3) in den Streifen (2) befestigt sind.

11. Implantat nach Anspruch 10, dadurch gekenn-
zeichnet, dass die eine oder mehrere Membranen
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durch eine Netzbildung eines Metalldrahtes oder
Garns, vorzugsweise in einer Helixanordnung, wenn
die Sekundärform betrachtet wird.

12. Implantat nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass der Tragkör-
per (1) an seinem proximalen Ende (13) und seinem
distalen Ende (12) jeweils wenigstens ein Durch-
gangsloch aufweist, die zueinander annähernd
fluchtend und annähernd auf der Achse (9) ange-
ordnet sind und wobei das Loch (14) am distalen
Ende (12) einen geringeren Durchmesser aufweist,
als das Loch am proximalen Ende (13).

13. Implantat nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass der Tragkör-
per (1) an seinem proximalen Ende (13) wenigstens
eine Öse (16) zur Befestigung von Halteelementen
(17) eines Plazierungssystems aufweist.

14. Implantat nach einem der Ansprüche 12 oder 13,
dadurch gekennzeichnet, dass das distale Ende
(12) und/oder das proximale Ende (13) des Implan-
tats ausgebildet sind, um ein geeignetes Angreifen
durch eine Fangschlinge zum Entfernen des Implan-
tats.

15. Implantat nach einem der Ansprüche 1 bis 9 oder 12
bis 14, dadurch gekennzeichnet, dass das Im-
plantat ein Vascularfilter ist.

16. Implantat nach einem der Ansprüche 1 bis 14, da-
durch gekennzeichnet, dass das Implantat eine
Einrichtung zum Entfernen von Steinen oder ande-
ren Agglomeraten oder Fremdkörpern aus einem
menschlichen oder tierischen Körper ist.

Revendications

1. Implant pour la fermeture d’ouvertures défectueuses
dans le corps d’un être humain ou d’un animal, ayant
une structure porteuse qui, dans un premier état de
fonctionnement définit en tant que forme principale,
a un rapport longueur sur étendue transversale im-
portant le long d’un axe (9) et, au moins dans un état
de fonctionnement supplémentaire défini en tant que
forme secondaire, a un rapport longueur sur étendue
transversale beaucoup plus petit le long de l’axe (9),
la structure porteuse (1) étant capable d’être trans-
formée de manière réversible à partir de la forme
secondaire vers la forme principale en exerçant une
force à l’encontre des forces de matériau élastique,
la seconde forme prenant approximativement la for-
me d’un double disque avec un élément de disque
proximal (7) et un élément de disque distal (6) pour
recevoir les environs de l’ouverture défectueuse en-
tre les éléments de disque, caractérisé en ce que

la structure porteuse (1) est formée en une seule
pièce sans connexion de liaison et par un tube en
matériau métallique à mémoire de forme fendu sur
une partie unique de sa longueur.

2. Implant selon la revendication 1, caractérisé en ce
que des bandes (2) sont formées le long de la partie
fendue de la longueur le long du tube (1), la largeur
des bandes variant le long de la partie fendue du
tube (1).

3. Implant selon la revendication 1 ou 2, caractérisé
en ce que des bandes (2) sont formées le long de
la partie fendue de la longueur le long du tube (1),
des trous (3) étant formés dans les bandes, au moins
partiellement le long de la partie fendue du tube (1).

4. Implant selon l’une quelconque des revendications
1 à 3, caractérisé en ce que des bandes (2) sont
formées le long de la partie fendue de la longueur le
long du tube (1), les bandes étant agencées en spi-
rale par rapport à l’axe (9) de l’implant, au moins sur
une partie de leur longueur.

5. Implant selon l’une quelconque des revendications
1 à 4, caractérisé en ce que des bandes (2) sont
formées le long de la partie fondue de la longueur le
long du tube (1), les contours mutuellement en vis-
à-vis de bandes respectivement voisines (2) étant
formés de manière à être complémentaires les uns
aux autres, au moins le long d’une partie de leur
longueur.

6. Implant selon l’une quelconque des revendications
1 à 4, caractérisé en ce que des bandes (2) sont
formées le long de la partie fendue de la longueur le
long du tube (1), les contours mutuellement en vis-
à-vis de bandes respectivement voisines (2) étant
formés de manière à être dans une relation de miroir
inverse les uns par rapport aux autres, au moins le
long d’une partie de leur longueur.

7. Implant selon l’une quelconque des revendications
précédentes, caractérisé en ce que l’élément por-
teur (1) a une rigidité variable le long d’une partie de
sa longueur, la rigidité étant inférieure en particulier
dans la zone dans laquelle l’élément de disque proxi-
mal (7) est formé par rapport à la zone dans laquelle
l’élément de disque distal (6) est formé.

8. Implant selon la revendication 7, caractérisé en ce
que la surface de l’élément porteur (1) est gravée
et/ou polie électrochimiquement dans la zone d’une
rigidité réduite.

9. Implant selon l’une quelconque des revendications
précédentes, caractérisé en ce que des bandes (2)
sont formées le long d’une partie fendue de la lon-
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gueur le long du tube (1), une bande (2) sous la forme
secondaire décrivant, le long de l’axe (9) à partir de
l’extrémité proximale (13) de l’implant, un arc qui est
ouvert dans la direction de l’axe (9) et qui est contigu
à l’extrémité distale (12) dans une courbure opposée
par une boucle.

10. Implant selon la revendication 3 et l’une quelconque
des revendications 4 à 9, caractérisé en ce qu’une
ou plusieurs membranes (8) sont fixées sur au moins
certains des trous (3) dans les bandes (2), au moins
pour couvrir l’élément de disque proximal (6) dans
la forme secondaire de l’implant.

11. Implant selon la revendication 10, caractérisé en
ce que lesdites une ou plusieurs membranes sont
formées par une corde (1) en fil métallique ou de fil,
de préférence selon un agencement hélicoïdal lors-
que la forme secondaire est prise.

12. Implant selon l’une quelconque des revendications
précédentes, caractérisé en ce que l’élément por-
teur (1) a, à son extrémité proximale (13) et son ex-
trémité distale (12), dans chaque cas au moins un
trou traversant, qui est agencé approximativement
en ligne l’un avec l’autre et approximativement sur
l’axe (9), et le trou (14) au niveau de l’extrémité dis-
tale (12) ayant un diamètre inférieur au trou au ni-
veau de l’extrémité proximale (13).

13. Implant selon l’une quelconque des revendications
précédentes, caractérisé en ce que l’élément por-
teur (1) a, à son extrémité proximale (13), au moins
un oeillet (16) pour la fixation d’éléments de support
(17) d’un système de mise en place.

14. Implant selon la revendication 12 ou 13, caractérisé
en ce que l’extrémité distale (12) et l’extrémité proxi-
male (13) de l’implant sont configurées pour permet-
tre, lors d’une implantation, une saisie correcte par
une sonde de type serre-noeud pour l’enlèvement
de l’implant.

15. Implant selon l’une quelconque des revendications
1 à 9 ou 12 à 14, caractérisé en ce que l’implant
est un filtre vasculaire.

16. Implant selon l’une quelconque des revendications
1 à 14, caractérisé en ce que l’implant est un dis-
positif pour l’enlèvement de calculs ou d’autres ag-
glomérats ou corps étrangers à partir du corps d’un
être humain ou d’un animal.
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