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(54) Title: IMPLANT, ESPECIALLY FOR THE OCCLUSION OF BIFURCATION ANEURYSMS
(54) Bezeichnung : IMPLANTAT INSBESONDERE FUR DIE OKKLUDIERUNG VON BIFURKATIONSANEURYSMEN

(57) Abstract: The mvention relates to an implant (1) for
use in the occlusion of aneurysms in the region of vascular
ramifications, especially bifurcation aneurysms (A),
comprising a mesh structure (3, 4) which has the sections
(a) to (d) when scen from proximal to distal: (a) a tapcring
proximal section in which the mesh structure runs into one
or more coupling elements (10), (b) a fixing section in
which the implant can be supported on a vascular wall, (¢) a
permeable section for the region of the vascular bifuircation
and (d) a distal section in which the implant is enlarged
relative to section (b) and which is destined to be placed in
the aneurysm (A), a zone of separation (T1, T2) being
arranged in the region of sections (¢) or (d).

(57) Zusammenfassung: Die Frfindung betrifft ein
Implantat (1) zum Finsatz bei der Okkludierung von
Aneurysmen im Bereich von GefiBverzweigungen,
insbesondere  Bifurkationsaneurysmen (A), mit einer
Maschenstrukiur (3, 4), welches - von proximal nach distal -
die Abschnitte (a) bis (d) aufweist: (a) einen sich
verjingenden proximalen Abschnitt, in dem die
Maschenstruktur Zu einem oder mehreren
Kupplungselementen (10) zusammengefiihrt ist, (b) einen
Fixierabschnitt, mit dem das Implantat an einer Gefdlwand
abstiitzbar ist, (¢) einen durchlissigen Abschnitt fiir den
Bereich der GefaBbifurkation und (d) einen distalen
Abschnitt, in dem das Implantat gegeniiber den Abschnitt

(b) erweitert ist und der zur Platzierung im Aneurysma (A) bestimmt ist, wobei im Bereich der Abschnitte (¢) oder (d) eine

Trennzone (T 1, T2) angcordnet ist.
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IMPLANT, ESPECIALLY FOR THE OCCLUSION OF BIFURCATION
ANEURYSMS

The invention relates to an impiant to be used for the occlusion of aneu-
rysms in vessel branches, in particular bifurcation aneurysms. Using a
catheter and guidewire such an implant is to be transported to the place-
ment site for the purpose of implanting it permanently. Accordingly, the in-
vention aiso relates to such an implant which is attached to a guidewire so
as to be ready for implantation.

Arteriovenous malformation may significantly impair a patient and may
even result in fatal risks. In particular, this applies to aneurysms, espe-
cially when these are found to exist in the cerebral region. Usually it is at-
tempted to occlude malformations of this nature by means of implants.
Such implants are as rule placed by endovascular methods using cathe-
ters.

Especially when treating cerebral aneurysms implanting platinum spirals
has proven its worth, said spirals fill the aneurysm more or less com-
pletely, largely obstruct the blood inflow and enable a local thrombus or
clot to form which fills and ultimately closes off the aneurysm. Neverthe-
less, this treatment approach only suits aneurysms that have a relatively
narrow access to the vessel system, so-called aciniform aneurysms. In the
event of blood vessel protuberances having a wide access to the blood
vessel there is a risk that the implanted spirals or coils may be flushed out.
These may then come to rest in other regions of the vascular system
where they may cause further damage.

In such cases it has already been proposed to place into position a kind of
stent that ,bars” the opening of the aneurysm and in this way prevents the
occlusion coils from being flushed out. Such stents are designed to have a
relatively wide-mesh wall and have already been employed to treat some
forms of aneurysms.

Vessel branches, in particular vessel bifurcations are a quite frequently
occurring phenomenon. in case of a weak vessel wall the blood stream
through an artery that acts on the front wall in a bifurcation quickly causes
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a protuberance or bulge which is prone to quickly dilate further. More often
than not, such bifurcation aneurysms have a wide neck which prevents
occlusion coils from being placed.

Moreover, stent structures are missing that are conducive to “barring” the
entry opening to the aneurysm in the region of vessel branching. Such
stents can only be manufactured with difficulty and at high costs; more-
over, placement of such stents is extremely intricate as well, With this in
mind, it is the objective of the present invention to provide an implant ca-
pable of being used especially in the region of bifurcation aneurysms
where it serves fo ,bar’ the access opening of an aneurysm. By means of
occlusion coils subsequently introduced the aneurysm can then be ciosed
off.

.Barring” the aneurysm in this way is also conceivable with a view to influ-
encing the flow of blood to reduce the number of occlusion coils or even
bring it down to zero.

This objective is achieved by providing an implant having a mesh struc-
ture, said implant comprising — from proximal to distal — sections (a) to (d)
where (a) is a section tapering down proximally in which the mesh struc-
ture is brought together to form one or several coupling elements, (b) is a
fixing section by means of which the implant can be supported on the wall
of a vessel, (c) is a permeable section for the region of the vessel bifurca-
tion, and (d) a distal section in which the implant is expanded in compari-
son to section (b) and which is intended for placement into the aneurysm,
wherein a separation zone being arranged in the area of sections (c) or
(d), in particular between sections (c) and (d).

The terms ,proximal” and ,distal” are to be understood such that they refer
to parts of the implant that point towards the guidewire and thus towards
the catheter and attending physician (proximal), or as the case may be to
parts that point away from the guidewire or attending physician (distal).
Accordingly, proximal refers to items facing the guidewire whereas distal
means facing away from the guidewire.



10

15

20

25

30

3

The implant according to the invention is provided with a mesh structure
which may consist of a braiding of individual wires, with a mesh structure
cut from a tube or with a mesh structure being a combination of the two. In
that regard, the implant is to be generally viewed as a stent or stent-like
object distinguished by its specialized way of application and design.

The inventive implant is divided into four sections, i.e. sections (a) to (d),
as viewed from proximal to distal.

Section (a) is a tapering proximal section which provides for the mesh
structure to be brought together in the form of one or several coupling
elements. Preferably, said coupling elements are located on the periphery,
i.e. in implanted state they are situated at the vessel wall. For application
related reasons a centered arrangement is not considered expedient; the
peripheral location of the coupling element(s) enables the implant to be
easier retracted into the placement catheter in the event of a misplace-
ment. Embodiments provided with one or two coupling elements are pre-
ferred.

Section (b) serves for fixation and enables the implant to be supported on
the wall of the vessel through which blood is led in. In this region the ves-
sel is undamaged and its wall capable of accommodating a stent wall. In
case of self-expanding implants section (b) is brought automatically in
contact with the vessel wall when the stent has been released whereas
implants placed in position and dilated by means of balloons are pressed
against the vessel wall in this area via a placement balloon.

Section (c¢) is a permeable section which may in particular have a greater
mesh size than section (b) and is arranged and placed in the zone where
the vessel bifurcation is actually situated. A greater mesh size allows a
more or less uninhibited flow of blood through the meshes into the efferent
vessel branches.

In comparison to section (b) and usually also to section (c) the distal sec-
tion (d) is of enlarged shape outwardly. It is to be placed into the aneu-
rysm itself and shall adapt to the widened out wall of the aneurysm.
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In the area of sections (¢) and (d), in particular between sections (¢) and
(d) a separation zone is arranged which shall serve to retain occlusion
means that have been arranged in the bifurcation aneurysm.

The enlargement of section (d) of the implant according to the invention
preferably has a trumpet- or basket-like shape. Such an enlargement may
also be created by providing a braiding or arranging loops. A loop-shaped
enlargement of this kind usually comprises at least two loops, in particular
three or more loops. Said loops may be made from appropriately formed
wire elements but in the event the implant is cut from a tube may also be
produced by adopting a laser cutting method to which said tube is then
subjected.

The implants according to the invention may be manufactured from cus-
tomary stent materials, for example of medical steel or cobalt-chromium
alloys, however they consist in particular of shape-memory materials such
as nitinol or ternary nickel-titanium alloys.

As mentioned hereinbefore, an implant according to the invention is pref-
erably cut at least partially from a tube, in particular from a tube made of a
shape-memory alloy.

The separation zone provided in the inventive implant extends in particular
between sections (c¢) and (d). it is to be noted in this context that section
(c) may be provided so as to assume an expanded shape at least within
its distal end region as compared to section (b) which is helpful in the
event the bifurcation aneurysm has already been formed in parts of the
Jmpingement wall* of the vessel branch. |n that case, the access portion
of the aneurysm must be kept clear for the blood stream that branches off
so that the separation zone extends within the aneurysm itself. The al-
ready enlarged portion of section (c) then merges into section (d), where it
may expand further as the case may be. In this case as well the separa-
tion zone is arranged between sections (¢) and (d). In case of a very shal-
low configuration of section (d) the separation zone may even coincide
with section (d).
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The separation zone on the one hand may be designed to comprise intro-
duced fibers, threads, thin wires, a membrane or similar separation ele-
ments but may also be an integral part of the impiant in the sense that the
separation elements may be cut out of the basic tube and appropriately
transformed for example in the shape of loops or webs. It is of prime im-
portance that this separation zone performs its intended function which is
to reliably retain occlusion means, for example occlusion coils, introduced
into the distal area (d) of the implant or deflect the flow of blood in such a
manner that further occlusion means are not needed.

If the separation zone is designed by introducing fibers, threads or thin
wires it is considered expedient to arrange eyelets in the separation zone
area. For example, the meshes of section (d} may be provided with rele-
vant eyelets into which the nylon threads are knotted in a crosswise or
starlike fashion.

However, the separation zone may also be created by means of curved
elements cut from the tube material wherein the meshes of section (d) are
deformed outwardly and the curved elements of the separation zone bent
inwardly into the body of the implant. At least one curved element is re-
quired. If between two and four curved elements are applied these form a
stable separation element which reliably retains the occlusion means in-
troduced into an aneurysm.

The distal section (d) of the implant provided by the invention is designed
so as to be particularly atraumatic, soft, and elastic. Walls of aneurysms
are rather delicate and may rupture when forces are applied so this must
by all means be prevented. To this end, especially the distal section (d) of
the inventive implant has to be designed so as to be atraumatic. This is
achieved by an arrangement of loops, for example, that adjust gently to
the wall of the aneurysm in places where they are in contact. Same as in
other regions of the implant such loops are produced by laser cutting from
a tube, however, they may also be created by means of tacked on wires
connected to section (c) by a laser welding method for example. This zone
of transition coincides in particular with the separation zone but may as
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well constitute an extended area of section (c) with the separation zone
being arranged distally of it.

it is of utmost importance here in the distal section (d) to join all wire ends
in an atraumatic fashion to make sure aneurysm wall perforations cannot
occur.

The meshes in the distal section (d) may terminate in rounded bends or
arches, but especially at the distal end may also be provided in the form of
nose-shaped rounded off and in this way atraumatically designed spouts.
These rounded spouts enable the implant located in elongated shape in-
side the catheter to be easier moved with less force being needed for this.

The inventive implants may be provided in the form of a continuous later-
ally closed tube having a mesh structure but may also be slotted at the
side either partially or all the way through. This slotted configuration may
extend axially parallel or be of oblique/helical arrangement. In such a
case, the mesh structure in the slotted areas is coiled up to suit the shape
of the vessel, for example in the form of a rolled segment of a wire mesh
fence. During placement such a slotted implant is capable of suitably
adapting to the vessel lumen, especially of the supplying vessel, with a
slight underlap (gap) or overlap of the lateral edges of the mesh structure
being usually viewed to be unproblematic.

A partial slot terminating at the distal section (d} is preferred. By providing
such a slofted arrangement the adjustment to the vessel configuration is
enhanced, in particular in the area of sections (a) to (¢), and the fixation of
the implant inside the vessel improved. Surprisingly, it has been found that
a slotted arrangement should not exert a negative influence on the radial
force.

As a rule, the implants according to the invention are provided with marker
elements facilitating their arrangement at the placement site. Marker ele-
ment of this type are, for example, arranged in the area of the distal end of
section (d), and may shape the connection points of joined wires so as to
be atraumatic. However, such marker elements may also be provided in
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the form of windings at the wire loops or in the form of sleeves in the tran-
sition area of sections (c) and (d). For said marker elements in particular
platinum and platinum alloy materials are suitable, for example alloys of
platinum and iridium, as they are frequently used in prior art for marking
purposes and as material for occlusion coils.

Moreover, the invention relates to an implant in accordance with the de-
scription hereinbefore, said implant being coupled to a customary
guidewire. Such an attachment may, for example, be brought about by
means of connection elements dissolving electrolytically under the influ-
ence of electric current. Such connection elements and materials have of-
ten been described in particular for the severance of occlusion coils and
stents. Also a mechanical detachment through coupling elements may be
realized without difficulty, with such coupling elements appropriately inter-
acting with suitably designed coupling parts of the guidewire. Under the
external restraint of a catheter or enclosure this connection remains intact;
however, after the implant and its coupling location have been released
from the catheter or enclosure the attachment disconnects causing the
implant to be liberated together with the coupling elements forming part of
the implant.

The inventive implants are placed with the help of a customary catheter or
microcatheter; this is a proven technigue which is frequently adopted.

The invention is explained in more detail by way of the enclosed figures
where

Figure 1 is a schematic representation of a bi-
furcation aneurysm;

Figure 2 shows schematically an inventive
implant placed in the area of a ves-
sel bifurcation with bifurcation aneu-
rysm;

Figure 3 is a schematic diagram of the inven-
tive implant with its sections;
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Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

8

illustrates an inventive implant as it
can be employed as per Figure 2;

shows variants of section (d) of an
implant according to the invention;

depicts a preferred embodiment of
an inventive implant as a spread
planar representation;

shows another embodiment of an in-
ventive implant in accordance with
Figure 6;

shows variants of an implant accord-
ing to the invention with loop-shaped
distal sections (d);

is the illustration of a bifurcation an-
eurysm with lateral vessels branch-
ing off the aneurysm area with an in-
ventive implant in place;

is a spread planar representation of
variants of implants according to the
invention;

shows another variant with inwardly
and outwardly oriented curved ele-
ments in section (d);

shows another variant with articu-
lated connectors in section (c); and

llustrates another variant of an in-
ventive implant having increased
flexibility.

Figure 1 shows a bifurcation aneurysm with a supplying vessel Z, two ef-
ferent vessels X and Y as well as the aneurysm A located within the bifur-
cation. The long arrows signify the flow of blood into the aneurysm A
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where it impinges on the aneurysm wall thus causing outward pressure
and the aneurysm to enlarge (small arrows).

Figure 2 shows a vessel configuration with an aneurysm A as described in
Figure 1 with an inventive implant 1 being arranged inside the aneurysm.
The implant has a proximal end 2 which is provided with the coupling ele-
ment and, before detachment, connected to the guidewire (not shown
here). By way of its meshes 3 the implant 1 is anchored to the wall of the
supplying vessel Z and in the region of the bifurcation has meshes 4 the
mesh size of which is greater. A distal region 5 is shown in the neck of the
aneurysm. Between the distal region 5 and the area where greater
meshes 4 are located there is a separation zone intended to retain occlu-
sion means introduced into the aneurysm A after the implant has been
placed in position.

The enlarged meshes 4 in the area of the bifurcation enable the blood
stream inflowing through the supplying vessel Z io be discharged without
undue interference via branches X and Y. After the placement of occlusion
means which are not illustrated here in the aneurysm A the flow of blood
into aneurysm A is impeded to such an extent that a plug forms inside re-
sulting in blocking off the aneurysm. Alternatively and provided the sepa-
ration zone is sufficiently impermeable, an occlusion can be achieved
without the use of occlusion means.

Figure 3 is a schematic representation of an inventive implant showing its
individual sections.

Implant 1 has a proximal section (a) in which the implant tapers off and
terminates in a coupling element, shown here in the form of a wire. This
sections corresponds to area 2 in Figure 2.

Distally adjacent to it follows section (b) which serves to secure the im-
plant at the wall of the supplying vessel Z. In this area the size of meshes
3 is relatively narrow so that positive contact with the vessel wall is
achieved.



10

15

20

25

30

10

Also in distal direction follows section (c) where meshes 4 are arranged
that have a relatively large mesh size. This area is intended to discharge
inflowing blood into branches X and Y, see Figures 1 and 2 in this respect.

The distal end of the implant 1 is section (d) in which structure 5 in the il-
lustrated case enlarges in a trumpet-like manner. This area will be located
within aneurysm A. Section (d) may be an integral part of the implant, i.e.
together with sections (a) to (c) be cut out of a tube (of nitinol) or formed
into a braiding using wires of this material. However, it is also possible to
cut sections (a) to (c) out of a tube, provide a braiding for section (d) and
attach said braiding to section (c) by welding.

Separation zone T1 is arranged between sections (¢) and (d), said separa-
tion zone consisting of one or several separation elements 6. These sepa-
ration elements may be provided in the form of restrained threads, wires
or fibers, for example of polyamide, but may as well consist of parts of a
cut structure formed to have an inward orientation. Separation zone T1
with separation elements 6 serves to retain the occlusion means intro-
duced into an aneurysm.

Depending on the nature of the aneurysm the separation zone may also
be displaced into the section (d) or even be located at the distal end of the
section (d). Such a separation zone T2 is especially useful if the bifurca-
tion has been formed in such a way that the efferent vessels X and Y do
not directly branch off from the supplying vessel Z but instead branch out
of the aneurysm. In that case, the separation zone must be located di-
rectly above the branches in the dilating section of the implant. Section (d)
is limited to the distal end of the implant 1 and extends into separation
zone T2.

Figure 4 illustrates an inventive implant 1 as it can be employed as per
Figure 2. The implant 1 is shown to include a guidewire 9 and has been
provided with a radiopaque marker coil 7 arranged at its proximal end 2.
The coupling element or elements connected to the implant 1 via the
guidewire 9 are not shown in the illustration but are arranged in the region
of marker coil 7.
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The implant shown in the figure is a braiding of individual wires which are
preferably made of nitinol and onto which the ultimate form of the implant
has been impressed. Nitinol as shape-memory material enables the im-
plant to be inserted into the catheter in compressed form without the shap-
ing of the implant being lost. Having been liberated from the catheter the
implant assumes the shape impressed on it so that it can fulfill its purpose
as intended.

The implant 1 is divided into four sections (a) to (d), wherein section (a) is
the tapering proximal section brought together at the proximal end 2 and
terminating in one or several coupling elements. Section (b) has a fixation
function and is in contact with the wall of the supplying vessel Z, said sec-
tion is provided with relatively narrow meshes 3. The section (c) is de-
signed so as to be permeable and provided with wider meshes 4 through
which the flow of blood is allowed to be discharged into efferent vessels X
and Y. in comparison with section (b) and also with respect to section (c)
the section (d) is of enlarged shape and situated within the aneurysm A.
The ends of the individual wires are designed so as to be atraumatic by
providing marker coils 8 of a radiopaque material, for example platinum or
a platinum alloy. Between sections (c) and (d) a fiber braiding 6 is ar-
ranged which may consist of nylon for example and which also forms the
separation zone T1. Reference numeral 5 signifies the meshes or fila-
ments of the implant 1 that expand outwardly in the distal region.

Figure § is a schematic drawing showing four variants of how the distal
region 5 of implants 1 according to the invention can be designed. Figure
5a shows a distal end of the implant that flares out in a trumpet-like form,
i.e. section (d) is designed to form a chalice-shaped enlargement. As illus-
trated in Figure 5b the distal end 5 has a disk-like enlargement with distal
section (d) being extremely limited. Figure 5¢ shows a combination of the
design elements included in Figures ba and 5b.

Figure 5d illustrates a distal region where the distal ends of the individual
filaments of an implant 1 are rolled up. For better orientation, sections (a),
(b), (c) are also referred to in Figure 5a resp. 5b.
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Figure 6 is the spread planar representation of a preferred embodiment of
an inventive implant 1 showing sections {a) to (d). Imptant 1 is to be un-
derstood as a mesh structure cut out of nitinol tube, wherein the webs 11
shown in the representation as a broken line correspond with the solid-line
webs located on the opposite side. The larger honeycombs in the area of
section (c) can be easily seen in the representation of Figure 6a as well as
the chalice- or trumpet-shaped enlargement shown in the schematic draw-
ing as per Figure 6b. Also illustrated there is separation zone T1 with
separation elements in the form of an inserted level consisting of nylon
threads 6.

Figure 7 shows another embodiment of an inventive implant 1 which is cut
out of nitinol tubing, said implant consisting of the proximally arranged
coupling elements 10, the section (a) tapering off in proximal direction, a
fixation section (b), a section of greater mesh size (c), and the widening
out section (d). In this case as well and as has been shown in Figure 6 a
planar representation has been selected for the implant, wherein the im-
plant has a special separation zone T1 comprising elements cut out of the
nitinol tube, said elements are formed such that they fold inwardly while
the distal end flares out outwardly assuming a trumpet-iike shape. Same
as the inserted nylon threads of the variant described by way of Figure 6
the inwardly folding webs 6 of the separation zone T1 serve to retain the
occlusion means introduced into an aneurysm.

The implants as per Figure 6 and 7 must not necessarily have a tubular
structure but may also be provided in the form of rolled up ,mats” that are
braced in position against the wall of the vessel. The implants may also be
partially slotted.

Figure 8 depicts an inventive implant 1 in which the section (d) has a more
disk-like shape, said section consisting for the main part of wire loops 12.
Said wire loops connect to the cylindrical part of the implant body 1, with
this cylindrical portion being composed of the sections (a) to (c). In the
transitional area adjacent to the attached loops 12 marker elements 8 are
arranged which shall ensure the implant is safely placed. In the region
where the cylindrical body of the implant 1 connects to section (d) in which
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loops 12 are located there is the section (c} which enables the discharge
of the inflowing blood through the laterally efferent vessels. The blood thus
enters the efferent vessels (X and Y, Fig. 2) between the webs provided
with marker elements 8.

Individual variants of the distal section {d) are shown in Figures 8b to 8g
as a top view representation, wherein individual or several loops 12 can
be provided with marker coils 13. The marker coils 13 may embrace the
loops either wholly or in part. In the case shown in the figure the loops
originate from four connectors 15 that also carry the marker elements 8,
with the inner circle 14 constituting the transition to the cylindrical portion
of the implant as can be seen from representations 8b to 8g. Any bracings
that may exist for a separation zone T1 or T2 are not shown.

The embodiments illustrated in Figures 8f and g show loops 12 that are
provided with an extensible membrane 16, said loops simultaneously func-
tioning as a separation zone T2, as depicted in Figure 3.

It is to be understood that separation zones T1 and T2 must partition off
the section of aneurysm A that has to be occluded. Depending on the type
of aneurysm this separation zone may be situated in the entry region — in
the case of vessels branching off proximally to the entry region — or within
the aneurysm — in the case two vessels branch off out of the aneurysm
space itself — while in the latter case only that portion of the aneurysm can
be occluded that is free from branching off vessels. Especially in the event
of disk-shaped distal sections (d) of the inventive implants an additional
bracing or arrangement of separation elements cut out of the tube may be
dispensed with, particularly when a greater number of wire loops have
been provided.

Same as the remaining body of the implant the loop-shaped distal sec-
tions (d) illustrated in Figure 8 may, on the one hand, be cut out of a tube
of suitable diameter. However, it is also possible to cut sections (a) to (c¢)
of the implant body from a tube in a customary manner and attach to it
section (d) consisting of wire filaments, for example by means of a laser
welding method.
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Figure 9 shows a special case of an aneurysm A with efferent vessels X
and Y branching off out of the aneurysm. In this instance, the implants 1
described by way of Figure 8 are particularly useful, said implants having
loops 12 simultaneously forming the separation zone T2 and, inside the
aneurysm itself, being located distally of the branching off vessels. The cy-
lindrical body of the implant 1 with sections (a) and (b) is located within the
supplying vessel Z, the section (c) allowing blood to pass through into the
branches X and Y is situated in the area of these branches, and section
(d) with loops 12 is arranged distally adjacent to said section (c). The
loops may be covered by a membrane, with said membrane consisting of
an extensible material, for example teflon, or a non-woven fabric. Such a
non-woven fabric of polycarbonate urethane is known from publication DE
28 06 030 and is characterized by high elasticity conducive to the place-
ment of the implant through a catheter. The membrane may be of slotted,
folded or porous design, for instance to save material and facilitate trans-
portation via a catheter.

Such a membrane may also be used as separation element for the sepa-
ration zone arranged between the sections (c) and (d).

Figure 10 is a spread out planar representation of several preferred em-
bodiments of an implant 1 according to the invention, wherein the honey-
comb structure is composed of honeycombs of substantially equal size,
with the exception of the distal loops where the honeycomb surface is lar-
ger.

Same as depicted in Figure 6 the webs 11 shown as a broken line coin-
cide with the solid-line webs on the opposite side. Accordingly, the implant
1 corresponds to a tube having a lattice or honeycomb structure.

Attached to the proximally arranged coupling element 10 follows the
proximal section (a) which in turn is followed by the fixation section (b).
The distal section (d) starts in the region of eyelets 17 which serve to ac-
commodate and secure wire or nylon elements by means of which a sepa-
ration level is arranged within the implant. The distal loops located within
the outwardly flared section (d) are distally provided with rounded spouts
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which are conducive to the positioning of the implant at the placement site
via a catheter.

Figure 10b corresponds in all significant aspects with the representation of
Figure 10a with the exception that a partial slotting is provided in the re-
gion of arrows 19, i.e. the location where the tubular structure of the im-
plant 1 is not closed. The slotted configuration extends axially parallel and
ends ahead of the distal section (d) at a point where the permeable sec-
tion (c) is located.

Figure 10c shows a variant in which a slot 19 is arranged that does not
have an axially parallel extension and coils up around the longitudinal
axis; however, it also ends ahead of distal section (d).

Slotted arrangements of this nature have proved to be of considerable ad-
vantage in terms of flexibility in the area of the fixation zone (b). The radial
force of the impiant 1 is not significantly impaired in this way but adapta-
tion to the vessel configuration and vessel lumen is improved.

Figure 10d aiso shows an inventive implant provided with slots, in this
case, however, the slotting does not extend up to the edges of the implant.

Another variant provided with slot 19 is illustrated in Figure 10e, said slot
also coiling up around the longitudinal axis but with honeycomb forms ex-
isting side by side. The form of the honeycombs has an effect on the flexi-
bility and can be selected so as to satisfy the relevant needs.

In Figure 10 all the loops, resp. honeycombs of the distal section (d) are
identified by means of reference numeral 12.

Figure 11 depicts another variant of an inventive implant 1 provided with
an individual coupling element 10 and a substantially regular honeycomb
structure, wherein additional loops 20 are arranged as separation ele-
ments. In this respect the embodiment shown in Figure 11 corresponds
with the embodiment in Figure 7. In the implanted product the additional
loops 20 are pointing to the inside and constitute separation level T1.
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These loops 20 are also provided with rounded spouts 18 intended to fa-
cilitate transportation through a catheter.

Figure 11b is a schematic representation of the implant shown in Figure
11a with inwardly pointing loops 20 and the separation level T1.

Figure 12 shows another variant of a particularly flexible implant 1 with ar-
ticulated connectors 21 in the form of a zigzag arrangement of the respec-
tive webs provided with a view to improving the adaptation of the implant 1
to curved vessel configurations in the region of the bifurcation.

Finally, Figure 13 shows another variant including in section (b) a number
of honeycombs having thinner webs (region W) to increase both flexibility
and bendability. This area 22 is situated in the fixation zone (b) and in-
tended to meet requirements associated with an irregular vessel configu-
ration in the fixation zone. Otherwise, the implant 1 corresponds with the
above described variants.
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Claims

1. Implant to be used for the occlusion of aneurysms, with a
mesh structure, said implant comprising — from proximal to distal —
sections (a) to (d):

(a) is a section tapering down proximally in which the mesh
structure is brought together to form one or several coupling elements,

(b) is a fixing section by means of which the implant can be
supported on the wall of a vessel,

(c) is a permeable section for a region of vessel bifurcation, and

(d) is a distal section in which the implant is expanded in
comparison to section (b) and which is intended for placement into the
aneurysm,

wherein a separation zone is arranged in between sections (c) and
(d), the separation zone being provided with separation elements
consisting of filaments extending substantially in a plane crosswise to the
implant, and the distal section (d) consisting of a plurality of loops.

2. Implant according to claim 1, wherein the distal section (d) is
widened out in a trumpet- or basket-like shape through a braiding or by
means of loops.

3. Implant according to claim 1 or 2, wherein it consists of
shape-memory material.

4. Implant according to any one of the above claims, wherein
the implant at least partially is cut out of a tube.

5. Implant according to any one of the above claims, wherein
the proximal section (a) terminates in a coupling wire.
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6. Implant according to any one of the above claims, wherein
the distal section (d) is designed so as to be atraumatic, soft, and elastic.

7. Implant according to claim 9, wherein the loops are provided
with eyelets in the distal section (d).

8. Implant according to claim 9 or 10, wherein the loops in the
distal section (d) are provided at the distal end with rounded spouts.

9. Implant according to any one of the above claims, wherein it
is of laterally closed tubular design.

10.  Implant according to any one of claims 1 to 12, wherein the
implant is partially or continuously slotted.

11.  Implant according to any one of the above claims, wherein
marker elements are arranged in the distal section (d).

12.  Implant according to any one of the above claims which is
coupled to a guidewire.
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